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Preface

The genesis of a book can be a fascinating story.
Where does the idea of a book begin? This text had
its origins as the idea of two plastic surgery resi-
dents who approached their Chief one day with a
proposal. They pointed out to a somewhat skeptical
Chief the need for a plastic surgery component to
the Current Therapy series. They cited that, as
general surgical residents, they had found its coun-
terpart invaluable in their daily activities both on
the wards and in the operating room. The residents
brought to the project the enthusiasm and creativ-
ity of youth. Moreover, they provided the invaluable
perspective of the coming generation of plastic sur-
geons. They recognized the up-and-coming leaders
and innovators in the various subspecialties of
plastic surgery. In the organization of the book, they
emphasized the need to introduce new topics and to
place less emphasis on other areas or techniques
that are less practiced today. Without them this text
would not exist – the Chief acknowledges his grati-
tude and admiration for them.

The other heroes of this book are the contribut-
ing authors. The editors well recognize the time and
effort that were put into completing their chapters.
We, as readers, do not always appreciate the noc-
turnal and weekend writing and the time spent in

xv

obtaining the requisite illustrative material. They
have the gratitude of the editors and the readers
alike.

The editors strove to condense the subject of
plastic surgery into a single volume text. Heming-
way said that a book should be comfortable if 
resting on one’s chest while reading in bed. The
editors strove to reach the Hemingway benchmark
even though it entailed eliminating text and 
illustrations from submitted manuscripts. The goal
of the editors was to develop a concise overview of
plastic surgery that was relevant not only to the
student but also to the practitioner of plastic
surgery. In keeping with the theme of the Current
Therapy series, much of the history, pathophysiology,
and surgical approaches that have been consigned
to historical irrelevance are not included. We strove
to make each chapter targeted, concise, and hard-
hitting, but without sacrificing content for succinct-
ness. We believe that this text will be particularly
useful for the busy practitioner, as well as for fellows
and residents with significant time commitments.
We looked at this book as the primary reference book;
it should be the first book that is opened to research
a topic and it should prepare the reader to benefit
from other more in-depth sources when needed.
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The term plastic surgery is derived from the Greek
plastikos, meaning to shape or mold. Even though
the term remains accurate in the sense that so much 
of plastic surgery is concerned with form, the true
essence of all plastic surgical endeavors is the blend-
ing of form and function. Much of the history of
plastic surgery parallels humanity’s effort to “close
holes” or repair deformity. Although the first surgi-
cal interventions were ritualistic and included
amputation, circumcision, and trephination, more
refined “plastic” interventions appeared as early as
650 BC when Sushruta described the reconstruction
of nasal defects with a forehead flap. In Roman
times, advancement flaps were described by Celsus,
but the next milestone, more than a millennium
later, was the 1597 publication of Tagliacozzi’s
classic text on reconstruction of the nose with an
upper extremity tube flap. However, it was not until
1797 that the Indian technique of nasal reconstruc-
tion was first published in the Western literature in
the Gentlemen’s Magazine in London.

The 19th century represented a true renaissance
for all of surgery. The scientific method, first intro-
duced in German universities, was fortunately
applied to the nascent discipline of surgery. There
were classic publications of nasal reconstruction by
von Graefe (1818) and Dieffenbach (1845). Probably
the first comprehensive text of plastic surgery was
the Handbook of Plastic Surgery by Zeiss in 1838. The
use of anesthesia and the introduction of the concept
of antisepsis in the second half of the 19th century
encouraged the advancement of all surgical tech-
niques. In the following decades, skin grafting and
cleft lip/palate repair became more common, with
reasonable success rates achieved around the world.

Trench warfare in World War I resulted in an
inordinate number of maxillofacial injuries. The
concept of a specialized facial surgeon was devel-
oped. Many of the military surgeons, such as Gilles,
Kazanjian, Blair, and Ivy drawn from the disciplines
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of general surgery, dentistry, and otolaryngology,
went on to become leaders of 20th century plastic
surgery. The interwar years, ironically, did not see
the growth of plastic surgery in the civilian popula-
tion because the concept of elective or nonemergency
surgery would not be developed until well after
World War II.

Plastic surgery units were again organized
during World War II, the most famous being the 
U.S. Army Hospital (1800 beds) at Valley Forge,
Pennsylvania. Many of the young surgeons recruited
to practice at this facility became the leaders of
American plastic surgery in the second half of the
20th century: Brown, Cannon, Murray, Littler, and
Edgerton. American plastic surgery in the 1970s and
1980s reaped the fruits of U.S. government invest-
ments in medical research (National Institutes of
Health) and education in the postwar era. Anatomic
and physiologic studies of the circulation of the skin
resulted in a revolution in flap technology. Flaps
with greater surface area, including myocutaneous
and microvascular free flaps, were developed and
provided methods of reconstructing almost any
defect in the human body. With refinement in the
aesthetic aspects of flap design, breast reconstruc-
tion after ablation became routine. Advances in
microvascular technique resulted in widespread
replantation of amputated parts. The development
of craniofacial surgery, again resulting from
anatomic studies, provided the plastic surgeon with
techniques for reconstructing previously inaccessi-
ble anatomic sites: the orbits and cranial vault.

Unlike the period between World War I and World
War II, the 1970s and 1980s witnessed a widespread
demand for elective surgery. Aesthetic surgery of the
aging face was especially the beneficiary of this
change in societal attitude.

Modern plastic surgery is concerned with defor-
mities that range from the “top of the head to the
soles of the feet.” In addition to the head and neck
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region, plastic surgeons are involved in breast
surgery and upper extremity repairs. In fact, upper
extremity surgery has evolved as a surgical spe-
cialty in itself. Recontouring of the trunk and limbs
is yet another branch of aesthetic plastic surgery.
Plastic surgeons have also revolutionized the
salvage of lower extremities after trauma.

Uniqueness of Plastic Surgery

Plastic surgery is unique in that it has no anatomic
territory to which it can lay a particular claim.
Unlike the cardiac surgeon, who alone operates on
the heart but is also restricted to that anatomic site,
plastic surgeons can truly practice their surgical
skills over all areas of the human body and address
problems in form, function, and even the physiology
of the cranial vault, the chest cavity, and the upper
and lower extremity.

Although plastic surgery is usually regarded as
dealing with problems in human form, it should also
be recognized that functional problems are often
treated. A newborn child with sleep apnea may
undergo mandibular distraction to avoid a tra-
cheostomy; the victim of an automobile accident 
may require revascularization of a limb to prevent
ischemia and amputation; and a patient with a
brachial plexus injury may require nerve recon-
struction to restore motor and sensory function.

Plastic surgery is also unique in that preopera-
tive planning is not algorithmic. There is usually no
set or prescribed way to correct a defect. A nasal
deformity is a good example; treatment choices
range from skin grafts to local flaps to distant flaps
with or without cartilage grafts. The same problem,
if presented to 20 different plastic surgeons, can
elicit 20 different operative plans and result in 20
postoperative results of varying quality.

Hence, the preferred definition of plastic surgery
is that of a problem-solving discipline. Its raison
d’être is based neither on anatomic territory nor 
on a particular concept. Over the decades it has
attracted innovative surgeons who have devised
unique techniques to solve surgical problems. From
transplantation to craniofacial surgery and from
microsurgery to aesthetic surgery, plastic surgeons
have demonstrated this uniqueness and have not
only advanced the field but also created new ones.
This progress continues today as new techniques are
being developed in the areas of inductive surgery
and tissue engineering.

Principles of Plastic Surgery

1 The doctor-patient relationship, based on inte-
grity, remains fundamental to all plastic surgery
activities. It is critical that the surgeon under-

stand what concerns the patient and what the
patient wants. Such understanding is realized
only with a consultation that is not rushed and
that provides an open forum for discussion by the
patient and surgeon alike. The goal of the
patient must be similar to that of the surgeon,
and both should see “eye to eye.” A second or
third visit with review of photographs usually
results in a mutually arrived at consensus. No
procedure should be scheduled unless such an
understanding has been achieved.

2 Elective surgery means that the patient enthu-
siastically and rationally “elects” to have a
scheduled operation. If the enthusiasm resides
only with the surgeon, there will be postopera-
tive disappointment by not only the patient but
also the surgeon. According to Sir Harold Gillies,
the patient should be “on his knees begging for
the operation.” In other words, the patient
should have a positive and optimistic attitude in
the preoperative period, albeit tempered with
some degree of anxiety or apprehension.

3 The surgeon must carefully weigh the risks asso-
ciated with the procedure and the benefits. In
many surgical procedures there is a “tradeoff.”
For example, a woman with large pendulous
breasts is usually gratified after reduction
mammaplasty because of increased comfort,
improved breast form, and a wider choice of
clothing, but she must be forewarned and be pre-
pared to accept the postoperative scars—the
“costs” of breast reduction. Usually, the “trade-
off ” is readily accepted. This stands in contrast
to an adolescent patient who undergoes cosmetic
rhinoplasty in which the desired change in nasal
form is achieved without any observable scars
(or “costs”). A woman who wishes to have a
benign skin lesion over the sternum removed
and ends up with a hypertrophic scar that is
visible with certain types of clothing will not feel
that the tradeoff was in her favor.

The surgeon must ensure that the treatment
is not worse than the problem or deformity and
must also consider the importance of returning
the patient to work and society as quickly as 
possible.

4 In the initial consultation the surgeon must
define the deformity. This obviously sounds
simple, but it can be an agonizing part of preop-
erative planning. For example, in craniofacial
asymmetry, the surgeon must decide whether
one side is too large or the contralateral side is
too small. It is helpful to obtain a photograph
and ask which side is preferred by the patient.
Another useful aid is to use the unaffected side
as a template to serve as the goal of reconstruc-
tion. The surgeon must also recognize the 
difference between the “true” versus the “appar-
ent” defect. A postthermal scar in the antecubital
fossa, once surgically excised and released,
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5 The concept of a group of clinicians from a

variety of disciplines working on a single
problem (i.e., a multidisciplinary team) yields
the optimal care for complex problems. Exam-
ples are craniofacial, cleft lip/palate, vascular
malformation, and nerve centers, which provide
the optimum care of the patient and education of
team members.

6 In preoperative planning the surgeon should
consider a “reconstructive ladder” but on occa-
sion must resort to a “reconstructive elevator.”
The principle of a reconstructive ladder is that
simple procedures should be chosen before more
complex ones. For example, if a full-thickness
skin graft will satisfactorily resurface a small
facial defect, it is preferable to a more complex
flap transfer. However, on occasion, a recon-
structive ladder, that is, proceeding rung by
rung, is not always the preferred reconstructive
route. Nonvascularized bone grafts applied to
some reconstructive sites are associated with
resorption or bone loss. In these situations it
would be preferable to bypass the bone graft and
use a vascularized bone transfer. An example
would be reconstruction of a large full-thickness
mandibular defect.

7 The surgeon must avoid overaggressive surgery.
The phrase “less is more” particularly applies to
plastic surgery planning, especially aesthetic
surgery. A postoperative facelift patient with ele-
vated brows and swept-back cheek skin (the
“wind tunnel” look) has a deformity that is far
worse than the preoperative signs of aging. A
patient with a postrhinoplasty defect character-
ized by a saddle deformity and asymmetric nos-
trils is a victim of excessive resection of bone and
cartilage and attracts attention from onlookers
that is potentially disabling.

8 Replace like with like. For example, a full-thick-
ness skin graft harvested from behind the ear
and transferred to a defect in the tip of a sun-
damaged nose will have an entirely different
color and texture match. A local tissue flap,
despite being a somewhat more complicated pro-
cedure, provides a more aesthetic result. A full-
thickness skin graft applied to a defect in the
male cheek would be unsatisfactory because it
would not replace the hair follicles of the beard;
a cervicofacial flap of bearded neck skin would
be more desirable because like is replaced with
like.

9 In facial reconstruction one must determine
whether the deficit is soft tissue, skeletal, or
both, and the reconstructive procedure should be
designed to replace the missing part or parts. In
craniofacial microsomia, in which there is a
deficit of skeletal mandible and overlying cheek
soft tissue, the reconstructive needs include

skeletal replacement and the addition of soft
tissue, such as a microvascular free flap.

10 Consider the aesthetic units in facial recon-
struction. In general, reconstruct the entire aes-
thetic unit or subunit. The resulting scar should
be designed to fall along the periphery of the aes-
thetic unit. The nose has aesthetic subunits, and
any flap reconstruction should fall along these
lines. Consideration should be given to convert a
partial to a complete subunit defect by excision
of residual skin.

11 Autogenous reconstruction is, in general, prefer-
able to alloplastic reconstruction. It is only a
matter of time before an alloplastic reconstruc-
tion becomes problematic; the passage of time
results in thinning of the overlying soft tissue
and erosion of the underlying skeleton. Autoge-
nous reconstruction, although technically more
demanding and more at risk for resorption, is
less prone to complications.

12 When resurfacing complex defects, the recon-
structive flap must fill the defect three-dimen-
sionally. A good example is a pressure sore. The
flap should not tent over the defect and leave a
“dead space” in which fluid can accumulate. Per-
sistent wound drainage eventually necessitates
excision of a serosal-like lining and reapplication
of a flap to seal the space.

13 The timing of surgical intervention can be prob-
lematic and should always be carefully consid-
ered. Variables include the age of the patient and
the patient’s psychological status.

In a younger patient one must take into con-
sideration the higher incidence of hypertrophic
scarring that follows an elective incision. 
Moreover, facial growth continues until late 
adolescence. For example, before a midface
advancement is performed on a 6-year-old, the
parents must be forewarned that mandibular
growth will outstrip the midface and a second
midface advancement may be required because
of a resulting malocclusion. Conversely, surgery
on a growing structure such as the nose can
impair subsequent growth of that structure.

It is better to defer a surgical reconstruction 
if the patient is not pyschologically prepared for
that procedure. A delay often allows the patient
to fully appreciate the degree of difficulty and 
the limitations of the planned procedure and 
to give time for psychological counseling. For
example, a patient with a nasal defect after a
traumatic injury who lives with the deformity
will have more appreciation for the results of 
the reconstruction. Parents who have lived for
several months with an infant with a cleft lip 
are more likely to appreciate the operative 
result and accept the limitations of surgical
repair.

Body dysmorphic disorder (BDD) is an obses-
sive preoccupation with a perceived imperfection
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in some aspect of one’s physical appearance. It 
has obsessive-compulsive features that are
expressed as overconcern about a variety of
physical features: a head that is too large, a
nasal tip that is too pointed, a face that is asym-
metric, and so forth. The individual often docu-
ments the perceived flaw with photographs on
which drawings and sketches are made. There 
is usually a history of multiple plastic surgery
consultations and, regrettably, surgical proce-
dures that were ill conceived and “unsuccessful.”
As described, these patients are not candidates
for elective plastic surgery.

The Best Friends of the Plastic
Surgeon

Skin Lines of Minimal Tension

Simply stated, incisions planned in the lines of
minimal tension result in the most satisfactory scars
(Fig. 1). The plastic surgeon should always plan to
make an incision in such lines. For example, a hori-
zontal incision in the skin lines of the lower anterior

aspect of the neck results in an almost impercepti-
ble scar. Conversely, an incision placed at right
angles to the lines of minimal tension (e.g., along the
vertical midline of the anterior aspect of the neck or
across the flexor surface of the joint) results in a fore-
shortened (often hypertrophic) scar or contracture.

A strategic variant would be to camouflage an inci-
sion (and the resulting scar) behind an anatomic
structure. Examples include incisions in the retroau-
ricular sulcus, the lower eyelid in a subciliary posi-
tion, the inframammary fold, and the groin crease.

Suture Technique

Meticulous suture technique ensures the best possi-
ble scar. Proper technique must incorporate three
principles: distribution of tension to the deeper
layers, gentle or atraumatic handling of tissues, and
eversion of skin edges.

Layered closure is a key element of both tension
distribution and eversion of skin edges. Either
absorbable or nonabsorbable sutures are used in the
deep facial layers, approximating these layers and
simultaneously coapting the skin. They should
avoid encircling excess fat and instead approximate
the strong fibrous tissues. Sutures in the subcuta-
neous fat serve only to devascularize the fat and add
no strength to the closure. Additionally, sutures can
be placed in the deep dermis to approximate the skin
and allow for a tension-free skin closure.

Tissue handling is a critical, yet overlooked, prin-
ciple of plastic surgery. Improper handling of tissue
causes significant tissue injury, with resultant scar-
ring. It is best to think of forceps as crushing tools
that kill cells each time they are applied. Their use
should be limited to direct manipulation of tissues,
with hooks or retractors serving the function of
tissue retraction. They should be toothed to limit the
areas of injury with application.

Skin sutures should ensure both proper skin
levels and eversion of skin edges. This can be done
with passage of the suture in the proper orientation
and by avoiding a skimming passage that will invert
the edges (Fig. 2).

Z-plasty

A Z-plasty (Fig. 3) is one of the most commonly used
plastic surgical techniques. It is used to lengthen a
scar, as in correction of a contracture, or to break up
a straight line scar and incorporate it partially in a
line of minimal tension.

The geometric principle is simple: the scar
becomes the central limb of the planned Z-plasty,
and after transposition of the triangular flaps, the
central limb is increased in length.

In the classic Z-plasty, the central limb lies along
the scar or the line of contracture. Two limbs are
designed to complete the Z, usually at an angle of
60 degrees, although the angles can vary. Wider
angles theoretically allow more lengthening but

Figure 1 • Lines of minimal tension on the face and neck.
(From McCarthy JG: Plastic Surgery. Philadelphia, WB Saun-
ders, 1990.)
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make flap transposition increasingly more difficult.
In the vast majority of Z-plasties, 60-degree angles
are preferred. The limbs should ideally lie along the
lines of minimal tension. In the face one must exer-
cise caution so that the length of the central limb
(and the adjoining limbs) is never excessively large

A B

A

B

A

A¢

B¢

B

60°

60°

Figure 3 • Z-plasty technique. A, Central limb designed along the scar. Both limbs are equal in length,
and angles A and B are 60 degrees. B, The flaps are transposed and sutured. Note that the original central
limb has been lengthened and the scar is reoriented.

A B

Figure 2 • A, Inverting suture: placing the suture to produce inversion. Inversion of
wound edges is produced when the suture loop is wider superficially than it is deep in
the tissues. B, The everting interrupted suture: correct manner of placing a suture to
produce eversion. The needle should be placed to form a wider loop deep in the tissue
to obtain eversion. The outline of the suture path is similar to that of an Erlenmeyer
flask. (From McCarthy JG: Plastic Surgery. Philadelphia, WB Saunders, 1990.)

because there will be an unsightly large scar;
accordingly, it is preferable to perform multiple
small Z-plasties in the revision of facial scars.

Variations of the Z-plasty technique can be used,
such as a four-flap Z-plasty, which has been recom-
mended for correction of interdigital contractures in



8 —— Plastic Surgery Strategies

the hand. A two-flap Z-plasty is converted into a
four-flap Z-plasty with angles varying from 45 to 60
degrees. Its advocates claim that it allows a greater
increase in length of the central limb. Another vari-
ation is the double opposing Z-plasty, which is useful
when elevation of large flaps is not possible, such as
at the medial canthus. It allows two larger flaps to
be dispersed into four smaller ones.

It should be noted that a Z-plasty is effective in
reducing the hypertrophic nature of a scar. A
dilemma, however, is posed in Z-plasty design in
patients with extensive scarring in the area of the
planned Z-plasty as scarring decreases the vascu-
larity and mobility of the flaps. Judgment and expe-
rience must be used to design widely based flaps to
allow adequate blood flow while simultaneously
keeping flaps sufficiently narrow so that they are
easily transposed.

W-plasty

A W-plasty (Fig. 4) is similar to a Z-plasty in that it
reorients the direction of a scar. However, it has the
disadvantage that it does not lengthen a constricted
scar to the extent that a Z-plasty does. Another dis-
advantage of a W-plasty is that it requires consid-

erable excision of scar and healthy skin and can thus
lead to a relatively tight closure and the potential
for a widened scar. It is especially indicated in a face
when a Z-plasty, especially a large one, can result in
a noticeable scar. It probably finds its greatest use
in the correction of a trapdoor scar with chronic
swelling. The resulting interdigitated scar appears
to decrease the latter. A template is generally used
to outline a W-plasty so that the apices on one side
of the excised scar are opposite the base of the tri-
angle on the opposite side. In general, W-plasties are
not used nearly as frequently as Z-plasties, the
latter being much more utilitarian.

V-Y Advancement

V-Y advancement is essentially a V incision that 
in closure is converted to a scar in the shape of a Y
(Fig. 5). The resulting advancement can be used to
provide extra soft tissue in the area of a tight scar.
V-Y advancement finds its application in the correc-
tion of a whistle deformity of the upper lip or in
lengthening of palmar skin in the correction of
Dupuytren’s contracture.

Split-Thickness Skin Graft

A split-thickness skin graft is used extensively to
resurface large defects, especially on the trunk and
extremities. It suffers the disadvantage in facial
resurfacing of poor color, thickness, and texture
match. Nonetheless, it is a technique that is espe-
cially suited for resurfacing a large burn deformity
or for providing temporary coverage of a large, open
wound before definitive coverage (see the chapter
“Cutaneous Defects: Flaps, Grafts, and Expansion”).

Full-Thickness Skin Graft

A full-thickness skin graft, the skin graft initially
used in the 19th century, is associated with superior
color and texture match. Its vascularization, or
“take,” is not as predictable as that of a split-thick-
ness skin graft, and a full-thickness skin graft is
limited in size because the donor site must be closed 
primarily.

Flaps

A simple classification of flaps (see the chapter
“Cutaneous Defects: Flaps, Grafts, and Expansion”)
is as follows:

LOCAL FLAPS

Advancement Flaps. A V-Y flap is a classic example
of an advancement flap. There is no single point of
limitation of movement, and the entire tissue slides
to fill a defect. These flaps lack adequate mobility
and often require excision of Burow’s triangles.

A B

Figure 4 • W-plasty. A and B, W-plasty for repair of a straight
scar. Triangles become smaller at the end of the scar. A W-
plasty, however, results in excision of nonscarred skin.
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Rotation or Transposition Flaps. These flaps are
transferred to an adjacent defect, the rhomboid flap
being a classic example. Movement of the flap is
limited by the arc of rotation. A bilobed flap is an
example of a double rotation flap.

Interpolation Flaps. Interpolation flaps have inter-
posed soft tissue between the donor area and the
defect. These flaps typically have an axial blood
supply and therefore a greater degree of movement.

DISTANT FLAPS

Distant Pedicled Flaps. These flaps are harvested
from a distant anatomic region. They require a delay
before they can be divided, which can vary from 10

days to 3 weeks, depending on the problem and the
blood supply at the defect site.

Microvascular Free Flaps. Microsurgical tech-
niques of free tissue transfer have allowed previ-
ously impossible reconstruction to become routine.

Avoidance of an Unfavorable Scar

There are several types of unfavorable scars:

1 Scars that are chronically red or erythematous,
widened, and either hyperpigmented or
hypopigmented can improve in appearance

C

A

B

C

A

B

Figure 5 • V-Y advancement for correction of notching of the upper lip.
Design of the V-shaped incision on the inner aspect of the upper lip. With
advancement directed toward correcting the defect, the incision is closed
as a “Y”.
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with the passage of time; the efficacy of laser
therapy or steroid injection is variable.

2 Hypertrophic scars (see the chapter “Hyper-
trophic Scars and Keloids”) are defined as
thickened scars that maintain the boundaries
of the original incision or laceration. They 
occur most commonly in younger patients, 
in patients with darker skin, and in specific
anatomic sites such as the sternum and deltoid
region.

3 Keloids (see the chapter “Hypertrophic Scars
and Keloids”) are thickened scars that exceed
the confines of the original wound (laceration
or incision). They contain excessive amounts of
collagen and, unlike hypertrophic scars, rarely
improve in appearance with the passage of
time. They are much more common in blacks
than in whites and also have a strong familial
predisposition. Keloids occur most commonly
on the anterior aspect of the chest, earlobes,
and face.

Variables

ANATOMIC SITE. The deltoid area, sternum, poste-
rior aspect of the trunk, and limbs (except for the
palms and soles) are at risk for the development of
either a hypertrophic scar or keloid. It is remark-
able, however, that eyelids are rarely the site of
pathologic scars.

TYPE OF SKIN. Patients with oily or sebaceous skin
are at risk for scars that are widened, depressed,
and irregular in outline, especially in the nasal tip
area. Scars in patients with pale, taut skin tend to
remain red for prolonged periods. Sun-damaged skin
in an elderly, often unhealthy, patient ironically
lends itself to fine line scars.

AGE. The most satisfactory scars occur in elderly
patients with limited elasticity of the skin. For

example, excision of skin tumors from an older
patient with heavily sun-damaged skin usually
results in fine line scars. In contrast, scars in infants
and children are generally erythematous and hyper-
trophic for prolonged periods. Caution should be
exercised when making elective incisions on the face
of patients younger than 15 years. The fetus is espe-
cially unique in that incisions in the earlier part of
gestation can result in scarless healing.

Scars also mature with the passage of time. It is
important to forewarn the patient, usually when
sutures are removed, that the scar will look its worst
somewhere between 4 and 8 weeks postoperatively.
The patient must expect that scar maturation will
require up to 2 years before the surgeon is willing
to say that the final appearance of the scar has been
achieved. In general, scar revision should not be
undertaken within 1 year of the surgical procedure
or traumatic event.

RACE. Dark-skinned individuals are more at risk
for the formation of hypertrophic scars and keloids,
especially in the earlobes, face, and sternal regions.

PATHOLOGIC DISORDERS. Among the various syn-
dromes that should be approached with caution by
surgeons planning an elective procedure are the 
following:

1 Ehlers-Danlos syndrome
2 Cutis laxa
3 Pseudoxanthoma elasticum
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The plastic surgeon is often consulted to assist in
the closure of a complex cutaneous wound that is
caused by either trauma or ablative surgery, or is
congenital. Although the goal of reestablishing con-
tinuity of the integument and underlying soft tissue
is straightforward, the manner in which this is
accomplished may be complex if reliable closure is
to be attained without compromising the aesthetic
outcome. Variables to be considered include the size
and location of the defect, the availability of adja-
cent tissue, and the presence of exposed vital struc-
tures. Closure of the wound takes priority over
aesthetic considerations. As plastic surgeons, many
tools are at our disposal to balance these often con-
flicting goals.

As advances in plastic surgery continue to be
made, the reconstructive options likewise increase.
The traditional view of reconstructive surgery as a
ladder with rungs of increasingly complex and chal-
lenging options has matured, and the ladder concept
is now considered less as dogma and more as a road
map with several routes to the desired destination.
In select instances, use of the reconstructive “eleva-
tor” is mandated; for example, microvascular free
flap reconstruction is often the procedure of choice
in patients with loss of integument over vital 
structures.

Assessment of the Defect

Each defect is individualized according to the
missing components (e.g., lining, support, and cuta-
neous coverage), as well as the underlying cause
(cancer, trauma, infection), anatomic location, aes-
thetic visibility, associated functional disabilities,
and availability of local and distant donor sites.
Compatibility of the donor tissues with the area
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being reconstructed should be considered with
regard to skin color, texture, thickness, and hair
density. The overall health of the patient is also eval-
uated. Only after careful consideration of these
factors can one choose the appropriate reconstruc-
tion for a given defect.

Skin Grafts

Choice of Graft and Donor Sites

Skin grafts require neovascularization to remain
viable in their new location. Skin grafts are classi-
fied as either split-thickness skin grafts (STSGs),
which contain only a portion of the dermis and range
from very “thin” (approximately 6/1000 inch) to thick
(>20/1000 inch), and full-thickness skin grafts (FTSGs),
which contain all skin components, including the
epidermal appendages. Because the appendages
resume growth in the recipient area, the surgeon
must consider the cosmetic implications of transfer-
ring hair follicles to the recipient area when using a
FTSG. A FTSG contains the entire dermis, so
primary (immediate) contraction (what is observed
in the operating room) is greater than the contrac-
tion seen with a STSG. Secondary contraction,
however, which occurs as the graft heals, is minimal.
Thus, a FTSG is ideal for locations where significant
graft contraction would cause major functional
impairment, as in the digital web spaces or eyelids.

All STSG donor sites, although they contain
epithelial elements for reepithelialization, heal with
deposition of scar and have noticeable pigmentary
changes. In general, the thighs and buttocks are
ideal donor sites for a STSG because they are 
camouflaged by clothing and provide an ample
surface area that allows for multiple harvests. An

Cutaneous Defects: Flaps,
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alternative donor area such as the scalp can also be
harvested with minimal cosmetic sequelae.

Meshing of the graft increases the graft surface 
area and improves graft “take” (vascularization) 
by allowing egress of fluid beneath the graft. How-
ever, meshed grafts are aesthetically inferior to 
nonmeshed or “sheet” grafts and require longer
healing times because the interstices must be 
reepithelialized.

Technique of Harvest

STSGs are best harvested with an air-powered or
electric dermatome. Infiltration of the donor site
before harvest with a dilute solution of a long-acting
anesthetic such as bupivacaine (Marcaine) with epi-
nephrine (0.25% Marcaine, 1 mL/kg, in 50 to 100 mL
Plasma-Lyte) facilitates graft harvest by increasing
skin turgor (tumescence) and provides increased
postoperative pain relief and decreased blood loss.
The donor site is covered with an occlusive dressing
to promote more rapid reepithelialization and
decrease patient discomfort. Leaving the donor site
dry to form an eschar is an obsolete approach that
should no longer be practiced because it results in
greater patient discomfort and protracted healing.

FTSGs have the advantage of leaving only a
linear scar at the donor site, which is typically
placed in an inconspicuous location such as the groin
crease, supraclavicular area, or the skin anterior 
or posterior to the ear. The latter two sites are ideal
for FTSG transfer to the face because they share
similar texture and color with facial skin. When
using groin skin as a donor site for a FTSG, the
surgeon should be aware that these grafts tend to
darken and may contain unwanted hair follicles.

As mentioned previously, FTSGs are ideal for
areas where graft contracture would be detrimental
to function and appearance; once healed, they are
more durable than STSGs. Thus, a FTSG may be
used to cover poorly padded areas where a STSG
would be prone to breakdown and where a flap may
be infeasible or undesirable. Aside from their some-
what limited donor areas, another important con-
sideration in using a FTSG is the less consistent
“take,” or survival, of FTSGs. Although graft sur-
vival can be maximized by meticulous surgical tech-
nique, an otherwise completely viable FTSG may
display epidermolysis, which can be treated expec-
tantly with dressing changes.

Factors Influencing Graft Survival

After an initial avascular period of plasmatic imbi-
bition, during which the graft survives solely on
nutrients derived by diffusion from the local tran-
sudate, capillary buds from both the graft and the
wound bed form new vascular connections, a process
known as inosculation. Ultimately, successful graft
take depends on several factors, including secure 
fixation, which permits inosculation of the delicate

neovasculature. Unmeshed STSGs and FTSGs may
be minimally “pie crusted” with a No. 11 blade to
allow egress of any fluid collection beneath the graft
that might retard graft take. 

Meticulous insetting, with care taken to tailor the
graft to fit the defect exactly, optimizes the aesthetic
result. The graft is typically covered with a bolster
dressing to prevent desiccation and protect the graft
from shearing forces that might disrupt neovascu-
larization. All shearing forces must be minimized for
the first 5 days. In extremities, a wrapped splint
that immobilizes the grafted portion of the extrem-
ity obviates the needs for a tie-over bolster. Alter-
natively, a subatmospheric pressure dressing such
as the vacuum-assisted closure (VAC) dressing may
be used to bolster STSGs. This modality may be
especially useful for large and topographically irreg-
ular wounds that would otherwise be difficult to
bolster.

Another factor required for successful skin graft
vascularization is a healthy recipient bed. All devi-
talized tissue is thoroughly débrided before skin
graft application. Even a wound that is apparently
free of necrotic tissue may harbor sufficient bacteria
to preclude successful skin grafting. A graft placed
into a contaminated wound bed invariably fails.
Although not usually a consideration in acute
wounds, chronic wounds are colonized with bacteria
even after diligent dressing changes. The bacterial
load in chronic, otherwise clean wounds may be
decreased by 24 hours of dressing changes with
application of half-strength Dakin’s solution.
Débridement of excess granulation tissue should
also be performed just prior to graft placement to
optimize the wound bed.

The wound bed must also be able to support vas-
cular ingrowth into the graft. Bone devoid of perios-
teum, tendon stripped of its paratenon, and
cartilage will not support a skin graft. Chronic
venous ulcers of the lower extremity will not support
a graft unless the underlying edema is improved.
Irradiated wound beds are notoriously poor skin
graft recipient sites because of impaired neovascu-
larization. Such wound beds may sometimes be opti-
mized by treatment with a subatmospheric pressure
dressing, which often promotes the formation of
granulation tissue. Because the dressings are
changed much less frequently than traditional moist
to dry dressings, they should be placed only onto
clean wounds or changed more frequently when
used on more contaminated wounds. The only clear
contraindication to the use of a subatmospheric
dressing is placement on large blood vessels, which
should be covered with vascularized tissue. In 
addition, wounds must be débrided of nonviable
tissue.

Xenografts and Other Skin Substitutes

In situations such as a burn involving a large body
surface area, sufficient donor skin may not be avail-
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ciency in donor skin can be addressed by using
xenograft skin or cadaveric allografts. These grafts
are useful because they provide temporary wound
coverage. However, because of their inherent
immunogenicity, xenografts and allografts are uni-
versally rejected. The interval between placement of
the graft and rejection may be as long as several
weeks in immunocompromised patients, in whom
the grafts are typically used.

The past decade has witnessed significant
progress toward reaching the goal of engineering
biologic skin substitutes. Nearly a dozen skin sub-
stitute products are currently available for clinical
use, with many more under development. The prod-
ucts range from those composed entirely of cultured
keratinocytes (Epicel, Genzyme Tissue Repair Cor-
poration, Cambridge, MA), to acellular deepithelial-
ized cadaver dermis (AlloDerm, LifeCell,
Woodlands, TX), to combinations of dermal matrices
with and without cultured cells covered by a silicone
neoepidermis (Integra, Integra Life Science Corpo-
ration, Plainsboro, NJ; Transcyte, Advanced Tissue
Sciences, La Jolla, CA; Biobrane, Dow Hickam/
Bertek Pharmaceuticals, Sugar Land, TX). Perhaps
the most elegant of the engineered biologic skin sub-
stitutes is Apligraf (Organogenesis, Canton, MA,
and Novartis Pharmaceuticals Corporation, East
Hanover, NJ), which is composed of an epidermal
layer of neonatal keratinocytes overlying a dermal
layer of collagen seeded with neonatal fibroblasts.
Biologic skin substitutes hold immense promise.
Their lack of immunogenicity allows tissue incorpo-
ration. Many contain a dermal layer, which once
revascularized by the host, may also confer the
advantages of a FTSG (increased durability, better
aesthetic appearance). Finally, the products are
available “off the shelf” without the need for donor
harvest and further detriment to an already debili-
tated patient. However, the expense associated with
their manufacture limits their current utility.

Flaps

A flap is a unit of tissue that may be transferred en
bloc from a donor to another recipient site while
maintaining an intrinsic blood supply. For the pur-
poses of this chapter, emphasis is placed on local
flaps developed from adjacent tissue, although the
anatomic basis of microvascular free flaps is briefly
described. Numerous types of flaps and classifica-
tion schemes exist. Flaps may be classified by their
component parts (e.g., cutaneous, myocutaneous,
osseocutaneous), by their spatial relationship to the
defect (local, regional, or distant), by the nature of
the blood supply (random versus axial), and finally
by the movement placed on the flap (e.g., advance-
ment or pivot) to fill the defect. The first two classi-
fication schemes are self-explanatory and will not be

addressed further. This chapter focuses on the latter
two flap classification systems.

Blood Supply: Random Flaps

All flaps require an intact blood supply at the time
of transfer to ensure viability and successful
healing. Random cutaneous flaps, as the name sug-
gests, are based on random, nondominant contribu-
tions from the dermal plexus and subdermal plexus
(Fig. 1). The combined contribution of experimental
studies and clinical experience has resulted in the
observation that the ratio of flap length to width is
critical for complete flap survival. Although random
flaps in the face can be designed with a length-to-
width ratio as high as 5:1, most random flaps are
not as robustly vascularized and are therefore
limited to lesser length-to-width ratios, thus
restricting their ability to cover large defects. When
used appropriately and when an appreciation of
their limitations is acknowledged, random flaps are
reliable first choices for coverage of smaller defects
throughout the body.

To extend the somewhat restricted size of random
flaps, surgeons rely on the delay phenomenon, most
commonly achieved by interrupting a portion of the
normal blood supply to the flap without transferring
the flap from its native position. The stress of ele-
vation and sublethal ischemia with the release of
angiogenic and vasodilatory factors results in the
opening of “choke” vessels which, although normally
closed, dilate to allow blood flow into the ischemic
flap from a neighboring territory. Furthermore, the
ischemic areas of the flap probably experience a
sprouting of new vessels through angiogenesis and
perhaps via vasculogenesis.

Vessels within the flap also respond to the stress
of delay by increasing in caliber. The resulting

Figure 1 • Random flap. Note that the distal skin and sub-
cutaneous tissue are not supplied directly by an axial vascular
bundle, relying instead on the dermal and subdermal plexi.
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increase in blood flow is seen as early as 2 days after
the initial delay, with a maximal increase observed
by 4 days. However, most surgeons find it prudent
to delay a flap for at least 10 days to 3 weeks before
final transfer, thereby permitting maturation of the
process of neovascularization.

Incorporating a planned delay can significantly
improve the chance of survival of a large random
cutaneous flap. This is especially important in
patients with impaired microcirculation, such as
smokers and diabetics. Furthermore, a delay should
always be considered a safety net if a flap demon-
strates signs of ischemia or venous congestion after
elevation. Reconstruction in such cases is best per-
formed in a staged manner.

Blood Supply: Axial Flaps

In contrast to random-pattern flaps, axial-pattern
flaps are based on a reliable, anatomically discrete
arterial contribution that extends beyond the base
of the flap (Fig. 2). Since description of the first axial
flap (the deltopectoral flap) 4 decades ago, knowl-
edge of the body’s various cutaneous territories
(angiosomes) and subsequent exploitation of axially
based flaps have grown exponentially. Advances in
anatomic science have increased the reliability of
axial flaps and eventually fostered the development
of microsurgical free flap transfer. Because of their
significantly greater reliability, axial flaps are pre-
ferred for coverage of moderate to large defects.

The nature and distribution of the vessels that
supply axial flaps vary with the anatomy of the flap.
Arterial cutaneous flaps (e.g., a groin flap) are based
on vessels that course parallel to the skin far beyond
the base of the flap; they give off numerous cuta-
neous branches that supply the overlying skin. Fas-

ciocutaneous flaps rely on inclusion of the deep
fascia and its rich (suprafascial and subfascial) vas-
cular plexus for maintenance of vascularity. Fascio-
cutaneous flaps can be characterized according to
the pattern of blood flow to the deep fascial plexus.
The radial forearm flap, for example, is a fasciocu-
taneous flap that receives its blood supply from the
radial artery through numerous (septocutaneous)
perforating vessels that reach the overlying tissue
via a fascial septum connecting the flap to the radial
artery. In other fasciocutaneous flaps, such as the
parascapular flap, the deep fascia may be supplied
by a vessel coursing longitudinal to the long axis of
the flap that subsequently arborizes to provide cuta-
neous perforators.

The vascular pattern of muscle flaps lends itself
well to a formal classification system. The most uni-
versally accepted system was developed by Mathes
and Nahai. In this system, muscle flaps are grouped
according to whether they are supplied by a single
dominant artery (type I), a dominant artery and
minor pedicles (type II), two dominant pedicles from
different vascular sources (type III), multiple seg-
mental pedicles (type IV), or a single dominant
pedicle and a secondary segmental pedicle (type V).
In this system, a flap may be successfully raised 
on either its dominant pedicle, all of its segmental
pedicles, or a few of its minor pedicles. Obviously,
type IV flaps offer the least flexibility in design.

Myocutaneous flaps are axial flaps that consist of
a composite of muscle and overlying subcutaneous
tissue and skin. In most cases, the muscle at the
base of the flaps is supplied by a single dominant
vessel that gives off one or more perforating vessels
to supply the overlying subcutaneous tissue and
skin. Examples of myocutaneous flaps include the
transverse rectus abdominis muscle (TRAM) flap
and the latissimus dorsi flap. The perforating
vessels of the flaps can be meticulously dissected
from the surrounding muscle, with the result that
the muscle-sparing flap supplied by a single perfo-
rator becomes a direct arterial cutaneous flap. The
so-called perforator flaps, although technically more
challenging to execute, may decrease some of the
morbidity associated with the harvest of muscles in
a formal myocutaneous flap.

Classification of Flaps Based on
Movement

Flaps can also be characterized by describing the
type of movement required to fill a defect. Such clas-
sification is somewhat of an artificial delineation
because many flaps, such as the rhomboid flap, have
qualities of both a pivot flap and an advancement
flap.

ADVANCEMENT FLAPS. An advancement flap is a
flap in which direct uniplanar movement of tissue
fills the defect. It may be created by merely under-
mining skin on either side of the defect to obtain

Figure 2 • Axial flap. Note that the distal aspect of the flap
is supplied directly by an axial vascular bundle.
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deserve special mention.

Z-Plasty. A Z-plasty is a transposition flap in which
two adjacent triangular-shaped flaps are transposed
with a resultant change in scar orientation, as well
as an increase in length of the scar. The former prop-
erty may be especially useful when a scar occurs 
perpendicular to relaxed skin tension lines. The
increase in scar length is suited to address func-
tional impairment or aesthetic deformity caused by
scar contracture. It is crucial to release the scar
tissue below the transposition flaps to allow for
tension-free movement of the flaps. Properly
designed, a Z-plasty may improve the appearance of
a linear scar by breaking it up into more easily cam-
ouflaged segments of alternating orientation.

The “Z” of a Z-plasty consists of a central limb,
which includes the scar/contracture, and two paral-
lel peripheral limbs drawn from either end of the
central limb. The angle between the central and
peripheral limbs determines the amount of scar
lengthening that may be achieved (Fig. 8). An angle
of 60 degrees, used most commonly, provides a the-
oretical increase in scar length of 75%. Similarly,
angles of 30, 45, 75, and 90 degrees provide theo-
retical increases of 25%, 50%, 100%, and 125%,
respectively. It is also important to note that
whereas a 60-degree Z-plasty changes the orienta-
tion of the original scar by 90 degrees, Z-plasty
designs incorporating smaller angles between the
central and peripheral limbs result in a central limb
oriented somewhat less than 90 degrees from the
original (approximately 60 degrees for a 45-degree
Z-plasty and 45 degrees for a 30-degree Z-plasty).
The surgeon should tailor the design of the Z-plasty
to provide the appropriate amount of scar lengthen-
ing and rotation of the scar central limb.

Figure 3 • V-Y advancement flap. The flaps are limited to
minimal tissue advancement.

A B C

Figure 4 • Example of V-Y advancement flap: Atasoy flap used to cover distal fingertip defect. A, Preoperative appearance. B, Intra-
operative. C, Appearance 1 year postoperatively.

closure or by using a flap with a rectangular design.
Advancement flaps may also be designed in a “V-to-
Y” fashion or, conversely, in a “Y-to-V” fashion,
depending on where the regions of relative tissue
deficit and excess are located with respect to each
other (Figs. 3 and 4). The flaps take advantage of
regional tissue laxity, and the optimal design for any
given flap should incorporate flap movement along
the skin lines of maximal extensibility. Flap
advancement can be supplemented and dog-ears
contoured by excising Burow’s triangles through the
appropriate placement of a back cut or by perform-
ing Z-plasties at the base of the flap (Fig. 5).

PIVOT FLAPS. In contrast to an advancement flap,
in which tissue is moved in one direction, a pivot flap
moves tissue in two dimensions along an arc. A pivot
flap may be a straightforward rotation flap (Fig. 6),
in which case a nearly semicircular-shaped donor
site rotates about a pivot point to fill an adjacent
defect, or a transposition flap, in which case a more
rectangular-shaped block of tissue rotates through
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Figure 6 • Rotation flap. Note that, as the flap rotates into
the defect, the radius of rotation decreases. Also note the back
cut used to extend the arc of rotation.

Figure 7 • Pivot flap with the characteristics of rotation and
advancement.

Rhomboid Flap. A rhomboid flap is designed with
internal angles of 60 degrees and 120 degrees and
with equilateral sides (Figs. 9 and 10). In the design
of a rhomboid flap, a line is drawn that extends from
the short axis of the rhombus, equal to the length of
the short axis. From this line, a second line is drawn
parallel to the near side of the rhombus. Because
lines can be extended from either side of the
rhombus short axis, four possible parallel lines can
be extended to create four possible flaps that may be
moved to cover the defect. The design of a rhomboid
flap should place one pair of the parallel sides of the
rhombus along the lines of maximal extensibility, if
possible, to allow for maximal movement of the flap
and closure of the donor defect. The local anatomy
and flap drainage should be taken into account when
deciding which of the available rhomboid flaps is the
best option.

Since the original report of the rhomboid flap,
several other modifications have been described that
vary largely in the angles of the rhomboid defect
created. For closure of circular defects (for example,
on the vertex of the scalp), several (three) rhomboid
flaps can be combined. The use of rhomboid flaps has

Figure 5 • Rectangular advancement flap complemented by
Burrow’s triangles.
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drawbacks, notably the potential for trapdoor scar
formation and a resultant wound with multiple
scars in various directions. These considerations
mandate judicious use of this flap in situations
where other alternatives do not suffice.

INTERPOLATION FLAPS. In contrast to the previ-
ous flaps, the donor site of an interpolation flap is
not immediately adjacent to the defect. It may be
transferred with either a random or an axial pedicle,
and in most cases reconstruction is performed in two
stages. A classic example of an interpolation flap is
the (para)median forehead flap, which is used for
reconstruction of large nasal defects (Figs. 11 and
12). Although the use of interpolation flaps gener-
ally requires at least two operative stages, in appro-
priate scenarios the pedicle may be thinned,
deepithelialized, and tunneled subcutaneously,
thereby allowing for a single-stage procedure.

In both rotation and interpolation flaps, the
design of the donor site must incorporate the fact

that the greater the distance the flap rotates, the
shorter its effective long axis becomes. Accordingly,
the donor flap should be designed “longer” than the
defect that it will fill. This problem may be offset
somewhat by using a back cut, which, however,
decreases flap blood supply by narrowing its base.
As is the case for advancement flaps, excision of
Burow’s triangle may also provide extra length.

In any type of flap, complete closure of both the
defect and the donor site generally requires wide
local undermining, when feasible, to recruit sur-
rounding tissue laxity. The tension on the flap at
closure should not be excessive because undue
tension could compromise flap survival. In cases 
in which improper flap design has resulted in exces-
sive tension, the flap can be reset (delayed), or the
flap can be transferred and the donor site skin
grafted.

Tissue Expansion

The primary advantage of tissue expansion is that
it provides a source of adjacent donor tissue whose
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Figure 8 • Z-plasty. Note that the distances 1-2, 2-3, and 
3-4 are equal. The central limb (scar) has been reoriented.
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Figure 9 • Rhomboid flap. (See text for details.)
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Figure 10 • Clinical example of rhomboid flap. Note that the flap chosen to fill the defect (of the four possibilities) allows for maximal
movement as well as optimal lymphatic and venous drainage. A, Preoperative. Basal cell carcinoma. B, Intraoperative appearance of
the cheek. C, One year postoperatively.
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recipient site. In addition, tissue expansion recruits
both sensate and hair-bearing tissue into the re-
cipient site when needed. It gives reliable results,
can decrease donor defects, and, depending on the
amount of tissue required, can be completed within
a few months. Tissue expansion has found wide-
spread application in reconstruction of the breast,
head and neck region, and the trunk, usually with
acceptable morbidity. Use of tissue expansion in the
extremities, especially distally, tends to be more
problematic.

Expanded tissue displays several characteristic
changes. In general, tissue expansion results in an
increase in epidermal thickness, thinning of the
dermis, and possible atrophy of the overlying fat or
underlying muscle. Atrophy of subcutaneous fat is
usually permanent and may result in disfigurement;
muscle atrophy may lead to fibrosis and irreversible
loss of function. This is especially important in the
face with the thin underlying facial mimetic
muscles. Expansion in the scalp region should be
performed with awareness that the expander can
erode the underlying calvarial bone, particularly in
children.

The expansion process promotes a significant
increase in vascularity of the overlying skin and cap-
sular tissue that surround the expander, similar to

A
B

Figure 11 • A, Axial flap with defect and interposing tissue.
B, Flap elevated and roated to fill defect (first stage).

A B

Figure 12 • Clinical example of interpolation flap; paramedian forehead flap used to resurface a large nasal defect. A, Nasal defect.
B, Intraoperative transfer of flap.



closure, with serial expansion typically carried out
every week thereafter. At each visit, the expander
should be filled as much as possible without causing
patient discomfort. Objective signs, such as skin
blanching over the expander, indicate overfilling
with the potential for skin ischemia. Rigorous sterile
technique minimizes the possibility of bacterial con-
tamination and subsequent expander infection.

Maximizing Tissue Gain from
Expansion

In most cases, expanded tissue is moved into an
adjacent defect as an advancement flap. To maxi-
mize the amount of expanded tissue that can be used
for advancement, back cuts may be made. Although
some authors have proposed making the back cut
around the base of the expander, maximal advance-
ment with minimal waste of tissue is obtained by
using a back cut that is made from a point halfway
along the side of the expander up to the height of
the expander itself. A single back cut allows for effec-
tive rotation-advancement into a roughly triangular
defect, whereas a double back cut, useful for more
rectangular- to oval-shaped defects, allows only uni-
planar advancement. In designing a double–back
cut type of advancement flap, the surgeon may use
areas of tissue adjacent to the (future) defect that
can be inset into the roughly triangular defect in the
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what is seen when a flap is “delayed.” Although the
initial stages of expansion are thought to occur via
creep and stress relaxation of the expanded tissue,
the increased rate of cellular mitosis observed
within the expanded tissue suggests the formation
of new tissue over a period of days to weeks.

Choice of Expander and Technique of
Placement

Standard tissue expanders are composed of a sili-
cone polymer shell. Various sizes and shapes of
expanders are available, depending on the exact
needs of the reconstruction. In general, rectangular
expanders generate the most usable tissue,
although the shape of the expander should be tai-
lored to the reconstructive needs. In the breast, for
example, where expansion aims to develop a soft
tissue envelope for subsequent placement of a per-
manent implant, an anatomic round expander is
clearly superior to other shapes.

Several tenets of tissue expansion should be
adhered to. When expanding tissue for resurfacing
of adjacent tissue, the expander should be placed
immediately adjacent to the defect. In the resurfac-
ing of congenital melanocytic nevi, for example, the
expander may be inserted through the lesion, if pos-
sible, to minimize scarring, but expansion of the pig-
mented lesion itself should be avoided. The areas in
which the expander and its associated port are to be
placed should be outlined as part of the preopera-
tive marking (Fig. 13). Before commencement of the
operation, a dilute epinephrine-containing anes-
thetic solution should be infiltrated into the marked
areas. Such infiltration not only promotes hemosta-
sis but, if injected into the proper tissue plane, also
facilitates surgical dissection. A subcutaneous
pocket of sufficient size should be dissected to allow
the expander to be placed in its proper orientation,
fully unfurled. Once in the correct plane, the use of
a blunt dissector such as a urethral sound can assist
appropriate dissection. Hemostasis must be rigorous
because even small collections of blood around the
expander increase the risk for infection, fibrosis,
subsequent expander loss, or inability to expand.

Estimating Tissue Gain and Rate of
Expansion

The tissue gain derived from expansion has been
studied extensively but can be roughly approxi-
mated as half the width of the expander, regardless
of its shape. Thus, a design that uses an expander
roughly twice as wide as the anticipated defect
should provide sufficient tissue for resurfacing. This
may not always be feasible, especially for extremely
large lesions. These will require serial expansion.

The duration of expansion can vary, depending on
factors such as local tissue quality and patient tol-
erance. In general, expansion should commence
intraoperatively to a point that allows tension-free

Figure 13 • Preoperative planning for placement of
expanders for resurfacing of a large congenital melanocytic
nevus of the back. Note dimensions and ports of the
expanders.
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Finally, the surgeon may use an “over the top”
advancement flap, which has similar applicability as
the double–back cut flap. Although it is easier to
design than the latter flap, it is less efficient in its
use of expanded tissue. In all cases, a significantly
greater proportion of the expanded tissue is used to
fill the defect than would be possible without the
back cuts.

In addition, STSGs may be taken from the
expanded skin, a technique particularly applicable
to young children and infants, in whom the amount
of donor tissue is limited even after expansion. A
drawback to the technique is a reduction in the
quality of the aesthetic outcome. Full-thickness
grafts can also be harvested in larger sheets by
using this technique with subsequent primary
closure of the donor site.

Complications

The most common complication associated with
tissue expanders is infection. A limited trial of con-
servative management with antibiotics is indicated
for the treatment of mild early expander infections.
If nonoperative management fails, the implant 
may be salvaged with deflation, irrigation of the
expander pocket, and administration of parenteral
antibiotics. If the infection is not eradicated by these
measures, as is usually the case, the expander must
be removed. Other complications associated with
tissue expanders are hematoma, seroma, skin necro-
sis, expander exposure, and expander deflation,
with an overall complication rate between 10% 
and 30%.

As mentioned previously, expansion may lead to
local muscle atrophy, which may not only affect the
aesthetic outcome but can also have serious func-
tional consequences in the head and neck region.
Other less common complications include changes in
pigmentation and sensibility in the expanded skin.
Complications are best minimized through meticu-
lous planning, precise placement in a well-tailored
pocket, subsequent atraumatic and sterile filling
technique, and appropriate patient selection.
Expansion in areas with questionable vascularity,
previously irradiated tissue, and the distal end of
the lower extremity is associated with high compli-
cation rates.

SUGGESTED READINGS

Baker SR, Swanson NA: Local Flaps in Facial Reconstruction. St
Louis, CV Mosby, 1995.

McCarthy JG: Plastic Surgery, vol 1, General Principles.
Philadelphia, WB Saunders, 1990.

Sasaki GH: Tissue Expansion in Reconstructive and Aesthetic
Surgery. St Louis, CV Mosby, 1998.
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Establishment of structural integrity is essential to
plastic surgical reconstruction. Often, reconstruc-
tive operations require structural support to prevent
soft tissue collapse or to give contour, shape, and
form. Other cases require rigid support that can
withstand the forces of scar contracture and gravity
to facilitate restoration of function. Bone and carti-
lage are unique tissues that provide support of an
autogenous nature. They are often used as grafts or
flaps. More recently, bone distraction has allowed
the creation of new, structurally incorporated bone
in many clinical situations.

Pathologic Anatomy

Structural defects, often congenital in origin, can
also result from trauma, cancer resection, and infec-
tion. Most structural defects are not isolated to bone
or cartilage but, in addition, are associated with
deficiencies in the surrounding soft tissue. In many
cases, scar contracture is present. When analyzing
such defects, it is necessary to define the true defect
in three dimensions in order to identify the soft
tissue requirement, as well as any structural or
skeletal requirements.

For as long as plastic surgeons have attempted to
reconstruct defects, the question has remained
whether to use autogenous material or commercially
available alloplastic substitutes. The advantages 
of commercially available alloplastic materials are
obvious. In addition to simplicity, there is no donor
site morbidity and no limit to the amount of mater-
ial that can be obtained. These substances are well
tolerated in some clinical situations. However, all
materials have shortcomings that need to be appre-
ciated by both the practitioner and patient before
implantation within the body. They require well-
vascularized soft tissue envelopes of adequate bulk.

Structural Support: Cartilage 
and Bone

SEAN G. BOUTROS

Nevertheless, they are at higher risk for infection
and, if they do become infected, are at higher risk
for loss of the entire reconstruction. Alloplastic 
substances elicit unpredictable degrees of scar and
tissue reaction. Over time, they are more likely to
erode tissues, extrude, or become encapsulated by
scar; the patient may often be left with a greater
defect relative to the original one.

Autogenous material likewise has advantages
and disadvantages. The main disadvantages are
donor site morbidity, limited graft availability, and
long-term resorption (bone) or warping (cartilage).
Autogenous materials also require increased intra-
operative time and add technical complexity to the
reconstruction. They have a lower risk of infection
than alloplast materials, however, and if they do
become infected, a portion of the reconstruction can
often be salvaged if appropriately managed. They
also have a lower rate of tissue reaction and scar for-
mation and do not erode overlying soft tissues over
the long term. They are also more likely to be suc-
cessful than alloplast materials when inserted into
previously operated or scarred beds. Autogenous
material adds no cost to the reconstruction. Each
type of graft has its own properties, and therefore
many of the risks and benefits can be optimized by
careful graft selection.

In most situations, autogenous material remains
the preferred option for surgical reconstruction.

Grafts

Cartilage

One unique property of cartilaginous grafts is that
they do not resorb. In the hospitable environment
under a vascularized soft tissue cover and in the
absence of infection, cartilage grafts retain all 
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physiology of cartilage. In its natural state, cartilage
has no vasculature. The low metabolic rate of the
chondrocytes is maintained by diffusion of nutrients
from the surrounding tissues. The extracellular
matrix of cartilage is designed to allow this diffusion.
In essence, if a cartilage graft is placed in a well-
vascularized bed, the supply of nutrients to the car-
tilage is similar to the supply in its anatomic donor
state. 

Rib is the most plentiful donor site for cartilage
grafts but is the stiffest when compared with other
sources. It is, however, prone to warping, and to
prevent warping it is necessary to stabilize the graft
by either inserting a rigid material (e.g., placing a
K-wire in the center of a rib graft as on the dorsum
of the nose) or making a multilayered construct in
which the separate layers serve to stabilize and
prevent warping (e.g., as in ear framework design).
Septal cartilage is strong and straight, yet flexible.
It is best reserved for either nasal or tarsal recon-
struction. Ear cartilage has a characteristic shape
that makes it useful for nasal and ear reconstruc-
tion. It is strong and has intermediate flexibility.

Rib cartilage should be harvested via either a
submammary approach or a costal margin approach
(Fig. 1). The submammary approach is used for
harvest of a straight piece of the cartilaginous por-
tions of ribs 5 and 6, as used in nasal reconstruc-
tions. The costal margin approach gives better

access to the synchondrosis of ribs 7 and 8 when a
large single piece of cartilage is needed, as in ear
framework design. When the costal margin
approach is used, it is necessary to divide the rectus
abdominis muscle to gain access to the synchondro-
sis. The cartilage can be harvested without removal
of the perichondrium. Sparing the perichondrium
results in less pain and, in the case of the costal
margin approach, less change in the contour of the
thorax.

Ear cartilage can be harvested via the anterior 
or posterior approach. Advocates of the anterior
approach argue that hypertrophic scars and keloids
do not usually occur on the anterior surface of the
ear. Proponents of the posterior approach point 
out that posterior incisions are hidden and the ap-
proach provides adequate visualization. With either
method, the principles for harvest remain the same:
it is critical to harvest the floor of the concha and
spare the posterior conchal wall to prevent distortion
of the ear. The cartilage harvested should extend to
the ear canal anteriorly and to the margin of the
conchal bowl superiorly, posteriorly, and inferiorly.
With both methods, subperichondrial hydrodissec-
tion facilitates elevation of the cartilage with sparing
of the perichondrium, which leads to less hematoma
and pain. A compression bolster can be placed in the
concha to prevent hematoma formation.

Harvest of septal cartilage is discussed in the
primary and secondary rhinoplasty chapters.

A B

Figure 1 • A and B, A 6-cm costal margin incision was used for harvest of costal cartilage for ear reconstruction. A costal
margin incision offers the best access for harvest of the cartilage. Alternatively, the submammary approach can be used for 
harvesting a smaller piece of straight cartilage.
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Bone

Bone is unique in its ability to heal without scar for-
mation. This characteristic allows healing of frac-
tures with normal bone strength and incorporation
of bone grafts that become truly integrated at the
recipient site. It also allows distraction techniques
to provide for deposition or generation of new bone.
The biologic processes by which fractures heal, 
vascularized bone flaps are incorporated into exist-
ing bone, and distraction lays down new bone are
similar.

Several processes are crucial for bone healing and
physiology and must be understood and taken into
account for successful results. Osteogenesis is the
process by which new bone grows from existing
bone. It is seen in the distraction zone and at the
edge of a fracture site as new bone sprouts from
existing bone. Osteoconduction, or creeping substi-
tution, is the process by which cells populate and
replace an existing bone matrix or artificial scaffold.
It is seen when osteoblasts invade and replace 
cortical or cancellous bone grafts. Osteoinduction is
the process by which factors stimulate and recruit
mesenchymal cells to become osteoblasts that lay
down bone. This process occurs in conjunction with
bone grafting because bone grafts bring with them
cytokines that initiate the process. It also can occur
when commercially derived factors are added to a
matrix and placed in the appropriate environment.

Healing of fracture sites begins with the forma-
tion of blood clot at the fracture ends. The clot forms
a network of fibrin that acts as a temporary scaffold
holding mesenchymal cells. The cells differentiate
into cartilage cells and fibroblasts. Through the
process of endochondral ossification, the fibrocarti-
lage tissue differentiates into bone. Simultaneously,
the bony edges proliferate and new bone grows
toward the defect (osteogenesis).

In the case of vascularized bone transfers, healing
occurs in the same manner, specifically, a combina-
tion of endochondral ossification and osteogenesis.
With nonvascularized bone grafts, the graft first
undergoes the process of osteoconduction, or creep-
ing substitution. The scaffold of bone must be 
populated with viable bone cells. These cells may
originate directly from surrounding bone or may be
differentiated mesenchymal cells (osteoinduction).

Bone is more widely available as an autograft
than cartilage is. It is stronger and can be used for
soft tissue support or, more commonly, for grafting
of bony defects. Bone grafts are classified as corti-
cal, cancellous, or corticocancellous. Cancellous bone
grafts can be harvested from several anatomic sites
to fill small bony defects and to assist with fracture
healing in bony nonunion. Cancellous bone grafts
act in two ways to allow for healing or new bone for-
mation. They release growth factors and cytokines
such as bone morphogenetic protein, which recruits
and stimulates mesenchymal cells to differentiate
into bone (osteoinduction). In addition, they provide

a framework into which the surrounding bone can
grow (osteoconduction) via creeping substitution. As
the bone grows from the periphery, the existing graft
framework is degraded, and bone is laid down de
novo. The principles for success are adequate vas-
cularized soft tissue coverage and immobilized adja-
cent bony segments.

Cortical or corticocancellous bone grafts are also
used to bridge bony gaps. However, they serve a
structural function as well. Larger bony gaps can be
bridged and serve as a scaffold to which new bone
will grow from the margins (osteoconduction). The
principles for survival of any cortical or cortico-
cancellous graft are healthy, well-vascularized soft
tissue coverage and rigid, multipoint stabilization
with contact of the graft to incorporated bone. For
bone grafts to maintain their volume over time, they
must form a solid union with the existing incorpo-
rated bone and be exposed to stress, especially com-
pressive force. These forces can be minimal (as in
cantilever bone grafts applied to the nasal dorsum,
where the graft forms a union at the base and is
exposed to the force of the nasal envelope) or strong
(as in bone grafts for defects in weight-bearing bones
such as the mandible or tibia).

Harvest of Bone Grafts

The iliac crest is the most common bone graft donor
site (Fig. 2). It provides a large volume of bone with
ample amounts of cortical, cancellous, and cortico-
cancellous bone. The access incision begins 1 cm 
posterior to the anterior superior iliac spine. The
incision is made below the pelvic brim with the skin
stretched over the iliac crest. This maneuver makes
the final scar less conspicuous because it lies below
the bony prominence. With the skin stretched over
the crest, the incision is made directly from the skin
through the subcutaneous tissue and muscle to the
periosteum of the underlying bone. The thickest
portion of the ilium is approximately 2 cm posterior
to the anterior superior iliac spine.

If cancellous bone is required, the periosteum is
not elevated. The bone is split with an osteotome
parallel to the crest. Two other cuts are made per-
pendicular to the bone on the inner aspect only. The
inner table is fractured inward so that the bone is
attached solely by the inferior periosteum. The crest
is, in essence, opened like a book. The cancellous
bone is obtained either in blocks or with a curet. The
divided bone is coapted by placing sutures from the
overlying muscle cuff of the infractured inner cortex
to the corresponding cuff on the outer cortex.

If cortical bone is needed, it is best to harvest only
the inner table of the crest, thereby leaving the
natural contour of the pelvic brim. However, if larger
pieces are required, the entire top of the iliac crest
can be harvested. The periosteum is split and ele-
vated from the bone in continuity with the muscle
insertions. The bone is harvested and the perios-
teum repaired. This technique also coapts the
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muscles and thus restores muscular anatomy. By
leaving the anterior superior iliac spine intact,
donor site morbidity is greatly reduced.

Rib also provides useful bone grafts. These grafts
are characteristically thin and narrow and have
minimal strength. Multiple ribs can be harvested
and split to increase their surface area. They are
useful in areas with minimal force, such as in cal-
varial or nasal reconstruction. If multiple ribs are
harvested, alternate ribs should be used. It is best
to make an incision over the seventh rib laterally
and harvest the fifth, seventh, and ninth ribs
through this incision. The anterior periosteum is
incised to the length of the rib to be harvested and
elevated such that the periosteum is left attached
only posteriorly. In the most accessible area, the
periosteum is circumferentially elevated. A rib 
dissector is passed in the anterior and posterior
directions and the posterior periosteum is dissected.
The rib is divided at the bone-cartilage interface
anteriorly and as far posteriorly as possible (Fig. 3). 

Calvarial bone grafts are another useful graft
both for adjacent calvarial defects and for orbital
floor and nasal reconstructions (Fig. 4). The calvaria
is the least painful of all bone donor sites, and no
visible scars are left in patients with hair. It suffers
the disadvantage of being thin and brittle. The bone
is best harvested from the parietal bone that is
thickest, approximately 2 cm posterior to the coronal
suture. It can either be removed in full-thickness
fashion as in a craniotomy and split on a back table
with a sagittal saw or, more commonly, be split in
situ with the inner table left intact. For the latter,
a trough is created with a bur around the bone to be
harvested. The trough should be sufficiently deep
with a gradual curve and should extend completely
through the diploic layer to the inner cortex. Thin

curved osteotomes are used to cut through the
diploic layer. Care must be exercised because an
osteotome can act as a lever and easily fracture the
graft. It is best to move the osteotome frequently to
avoid fracture.

Distraction

Bone distraction is a technique in which normal
fracture healing is manipulated so that as the 
fracture ends are pulled apart, callus is deposited
and new bone is formed between the fracture ends.
The principles are as follows: vascularized healthy
bone of adequate stock provides the best results, 
sufficient time should be allowed for initial callus
deposition (latency period), distraction should be
performed at a slow rate (approximately 1 mm/day),
and there should be a consolidation period in which
the bone is stabilized in its distracted position. Bone
distraction has the advantage of expansion of the
surrounding soft tissues and creation of new, well-
vascularized bone. It has no donor site morbidity,
requires patient compliance, and is time consuming.
Overall, it has revolutionized the treatment of many
craniofacial conditions and opened a new era of bone
surgery.

Pearls and Pitfalls

• Autologous material is preferable to synthetic
substitutes.

• Cartilage grafts placed in a hospitable envi-
ronment do not lose volume over time.

Figure 2 • Removal of bone from the ilium. A, The periosteum has been incised and is being raised with an ele-
vator. B, Resection of bone from the crest. C, Resection of the bone from the inner table (From McCarthy JG [ed]):
Plastic Surgery. Philadelphia, WB Saunders, 1990, p 607.)
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Figure 3 • A, B, Removal of a full length of rib by the subperiosteal technique. The Doyen elevator
is used to free the periosteum of the rib bed. C, Closing the periosteal bed with a running chromic
catgut suture. D, E, Technique of splitting the rib with the #10 knife blade. (From McCarthy JG [ed]:
Plastic Surgery. Philadelphia, WB Saunders, 1990, p 616.)
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• Rib cartilage grafts do not warp if supported
with rigid material or layered as a multilevel
construct.

• Ear cartilage harvest should spare the poste-
rior wall of the concha and include the floor of
the external canal to provide a large piece of
cartilage and prevent ear deformities.

• Bone grafts are rigidly fixated and exposed to
stress force to avoid long-term resorption.
Onlay bone grafts, with the exception of those

placed in the nasal dorsum, tend to resorb over
time.

SUGGESTED READINGS

Brent B: Repair and grafting of cartilage and perichondrium. 
In McCarthy JG (ed): Plastic Surgery. Philadelphia, WB 
Saunders, 1990, p 559.

Cutting CB, McCarthy JG, Knize D: Repair and grafting of bone.
In McCarthy JG (ed): Plastic Surgery. Philadelphia, WB 
Saunders, 1990, p 583.

Figure 4 • In situ harvesting of a bone graft from the outer table of the calvaria. A trough is drilled around the periph-
ery of the proposed graft into the diploë. The outer table is removed by passing an osteotome through the diploic space.
(From McCarthy JG, Zide BM: The spectrum of calvarial bone grafting: Introduction of the vascularized calvarial bone flap.
Plast Reconstr Surg 74:10, 1984.)
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A thorough knowledge of anesthesia techniques can
facilitate many aspects of plastic surgery. Anesthe-
sia for many plastic surgery procedures can be
achieved through knowledge of the cutaneous 
patterns of innervation. Such knowledge, combined
with conscious sedation, can provide an ideal expe-
rience for both the patient and surgeon.

Recently, a trend toward outpatient surgery has
taken place. Although substantial improvements in
general anesthesia allow more rapid recovery, there
remain disadvantages, including the risks inherent
in induction, intubation, blood stasis in the extrem-
ities, extubation, and postanesthesia nausea.

This chapter highlights techniques of local anes-
thesia which, when combined with conscious seda-
tion, are applicable to aesthetic and reconstructive
procedures. Many of these techniques do not rely
solely on the use of sedative or analgesic medica-
tions; rather, moderate amounts of opioids and ben-
zodiazepines are used to allow painless infiltration
of high-volume, dilute lidocaine solution to create a
reliable, anesthetic surgical field.

Spectrum of Anesthesia Techniques

Conscious Sedation

During conscious sedation, patients preserve the
ability to protect and maintain a patent airway and
remain capable of responding purposefully to verbal
and tactile commands (such as repositioning in
cases of liposuction). At no point is the patient’s
spontaneous ventilation or airway patency
impaired. Sedation may or may not be combined
with analgesic medications and local anesthesia,
depending on the nature of the procedure to be per-
formed. Typically, the patient has limited recall of
the procedure and less postanesthesia nausea than
with other techniques.

Anesthesia
JOHN B. HIJJAWI

THOMAS A. MUSTOE

A critical component of successful conscious seda-
tion for surgical procedures is the ability to achieve
adequate local anesthesia through a combination of
wetting solutions (dilute preparations of lidocaine
and epinephrine) and nerve blocks, thus limiting 
the amount of opioid analgesia required.

Deep Sedation

In deep sedation, the patient experiences partial loss
of protective airway reflexes and becomes unable to
respond purposefully to verbal stimulation. Some
assistance may be needed to maintain airway
patency and spontaneous ventilation. The patient’s
responses may be limited to withdrawal from painful
stimuli. Cardiopulmonary function may become
depressed as the patient proceeds along the spec-
trum from deep sedation to general anesthesia.

“Overshooting” when attempting to achieve con-
scious sedation results in the patient progressing to
deep sedation. The patient typically requires verbal
or tactile stimulation to continue breathing sponta-
neously. Additionally, supplemental oxygen may be
required. Reversal agents must be on hand,
although their use is often avoided.

In contrast, “overshooting” a deep sedation 
protocol results in complete cessation of respiratory
drive. This problem becomes especially challeng-
ing because deep sedation protocols are typically
carried out with propofol, which despite being
metabolized quickly, has no reversal agent. As a
result, a significantly higher level of training (i.e., a
certified registered nurse anesthetist [CRNA] or
anesthesiologist) is required for medication admin-
istration and patient monitoring when using a deep
sedation protocol.

General Anesthesia

General anesthesia is characterized by complete loss
of protective reflexes, accompanied by an inability to
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rience. Patients who are candidates for conscious
sedation must be American Society of Anesthesiol-
ogy class I or II. More recently, physical status (PS)
classifications have been used to stratify patients
into risk-based categories. Within the PS classifica-
tion, conscious sedation techniques are limited to
patients qualifying as PS-1 or PS-2. Such restriction
limits conscious sedation to either healthy patients
or those with mild systemic diseases resulting in no
functional limitations (i.e., well-controlled hyper-
tension or diabetes, mild obesity). Particular atten-
tion is paid to preoperative electrocardiograms and
cardiac status as indicated by a patient’s functional
status.

Relative contraindications to conscious sedation
include either extremely young or old age, a history
of heavy smoking, or significant cardiopulmonary,
hepatic, renal, or central nervous system (CNS)
disease. The technique also is not appropriate for
those with a significant history of alcohol or illicit
drug use, patients who are morbidly obese, have
sleep apnea, have atypical airway anatomy, or those
with a previous history of complications related to
sedation or general anesthesia.

Preoperative Evaluation

Preoperative evaluation of candidates for conscious
sedation includes a history and physical examina-
tion, age-appropriate laboratory testing, electrocar-
diography, radiographic evaluation, and consultation
with appropriate medical specialists. Healthy
patients younger than 40 years require no specific
laboratory evaluation short of pregnancy testing in
females. Between the ages of 40 and 65, a preopera-
tive hemoglobin assay and electrocardiogram are
obtained. Patients older than 65 years should also
have a preoperative chest radiograph reviewed.

Safety Considerations and
Preparation

As in all surgical care, the safety of the patient is 
of paramount importance when performing plastic
surgery procedures under conscious sedation.
Although protocols have been designed to maintain
patients in the state of conscious sedation, it is
mandatory that the physician providing conscious
sedation be prepared to manage patients who may
fall into the next level of sedation, deep sedation.
Physicians providing conscious sedation must there-
fore be trained to manage a compromised airway,
establish a patent airway, and provide adequate 
positive pressure ventilation and oxygenation.

At least one person trained in basic life support
(BLS) must be with the patient in the operating

maintain a patent airway or spontaneous ventila-
tion. Deeper states of general anesthesia are associ-
ated with depressed cardiovascular function. Deep
sedation and general anesthesia are strictly limited
to practice by anesthesiologists or by CRNAs under
the direction of a surgeon or, more commonly, an
anesthesiologist.

Procedure Selection

A common misconception is that conscious sedation
is used in aesthetic surgery solely to decrease costs.
Many would therefore assume that conscious seda-
tion techniques are not used for reconstructive pro-
cedures with third-party payers. Such is not the case
because the benefits extend well beyond cost, thus
making conscious sedation useful in a variety of pro-
cedures (Table 1).

The common factor that makes safe execution of
all these procedures possible under conscious seda-
tion is the ability to achieve effective local anesthe-
sia. In healthy patients, conscious sedation can be
safely used in any procedure or combination of pro-
cedures in which effective local anesthesia can be
achieved with an upper-limit lidocaine dose of 35 mg/
kg and an operative duration of less than 5 hours.

Patient Selection

Medical Status

Properly selecting the method of anesthesia and
clearly communicating what the patient can expect

TABLE 1 Procedures Amenable to 

Conscious Sedation Techniques

RECONSTRUCTIVE

Expander implant exchange
Implant revision
Transverse rectus abdominis myocutaneous (TRAM) 

delay procedures
Nipple reconstruction
Mohs’ reconstruction
Excision of large lipomas
Excision of large pigmented lesions

AESTHETIC PROCEDURES

Rhytidectomy
Brow lift
Blepharoplasty
Liposuction
Breast augmentation (submuscular and subglandular)
Mastopexy
Limited breast reduction
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room and the recovery room. Advanced cardiac life
support (ACLS) services must be available within a
reasonable amount of time. In most office settings,
emergency medical service (EMS) responders
provide these services when needed. It is important
that any facility performing procedures under con-
scious sedation communicate with the directors of
local emergency departments so that they are aware
that conscious sedation care is being provided in
their community. Contact information for local EMS
responders should be periodically verified. Proce-
dures can be performed in a hospital setting with
anesthesia backup immediately available. In an
office situation, use of a nurse anesthetist adds an
extra margin of safety, but each physician must
make a decision regarding appropriate safety mea-
sures for that particular practice setting.

Any person ordering or administering sedative
and narcotic medications should be thoroughly
familiar with their pharmacology and the potential
interactions of any agents given on the day of
surgery. To maximize expertise with the medications
used during procedures, they should be limited to
one sedative and one analgesic agent (often a single
benzodiazepine, midazolam, and a single opioid, 
fentanyl). These agents are discussed in detail in the
next section. Both incremental and total doses, as
well as the exact time that the medications are given,
are charted on a large board that is visible to the
entire operative team. A “medication-monitoring”
nurse announces the total doses every 5 minutes.

The surgical team for conscious sedation proce-
dures includes the surgeon and three nurses. The
surgeon is responsible for determining the dosing
and frequency of medication delivery. The “medica-
tion-monitoring” nurse has very strictly defined
responsibilities during the intraoperative period,
including monitoring the patient’s level of comfort
and consciousness; monitoring and recording vital
signs; delivering, charting, and announcing the total
doses of medications; and most important, commu-
nicating with the patient and surgeon. This nurse
does not function as a circulating nurse at any point
in the procedure, nor does this nurse need to be 
a CRNA.

Monitoring and Supportive
Therapies

Basic monitoring includes the level of comfort and
consciousness, pulse, blood pressure, and respira-
tions measured at least every 5 minutes and con-
tinuous electrocardiogram and oxygen saturation
monitoring. Oxygen saturation is maintained at or
greater than 92%. Oxygen saturation below this
level is the most sensitive indication of a transition
from conscious sedation to deep sedation.

The corollary to monitoring the oxygen saturation
level as an indicator of the patient’s level of con-

sciousness is avoidance of routine supplemental
oxygen. Although deep sedation protocols routinely
include supplemental oxygen to provide an added
margin of safety in the event of apnea or airway
obstruction, deep sedation techniques, by definition,
hinder the patient’s ability to independently main-
tain a patent airway and breathe spontaneously. In
conscious sedation protocols, adding supplemental
oxygen elevates a patient’s oxygen saturation at a
given level of sedation and, as a result, masks one
of the most sensitive indicators of descent into deep
sedation.

By eliminating oxygen supplementation, the
ability to detect the critical transition into over-
sedation or narcotization at a relatively early point
is maintained. Thus, respiratory depression is
detected at a point at which it is more readily
reversed with verbal stimulation and temporary
withholding of further sedative or analgesic 
medications.

Essential equipment in the operating room
includes a source of continuous oxygen, equipment
to provide positive pressure ventilation (Ambu bag
and facemasks), emergency airway equipment (oral
airways, nasopharyngeal “trumpets,” intubation
equipment), suction, defibrillation equipment,
reversal agents, and monitoring equipment with
adequate emergency backup power. As noted, the
equipment is only as good as the training of the
surgeon and staff responsible for using it.

The training and equipping of staff in the recov-
ery area is equally as important in the operating
room. A registered nurse trained in BLS should be
directly responsible for patients in the recovery
area. Appropriate equipment for monitoring vital
signs, including oxygen saturation, and a continu-
ous supply of oxygen should be immediately avail-
able. Emergency medications and airway equipment
should also be present.

Preoperative Procedures and
Medications

Patients are required to abstain from solids for 6 to
8 hours and from liquids for 3 to 4 hours before 
procedures performed under conscious sedation.
Factors that traditionally increase the period of
restriction, such as pregnancy, obesity, and signifi-
cant diabetes mellitus, are not an issue because
these patients are not candidates for conscious seda-
tion techniques.

Ondansetron (Zofran)

Nausea can be effectively dealt with in the preoper-
ative period. Postoperative nausea and vomiting not
only prolong recovery but can also increase the inci-
dence of hematoma after plastic surgery procedures
(e.g., rhytidectomy) and unintended admission after
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ondansetron reduces the incidence of postoperative
nausea and vomiting in patients undergoing surgi-
cal procedures performed under conscious sedation.

Of note, in procedures that take less than 90
minutes, the risk of postoperative nausea and vom-
iting is virtually zero. Therefore, the expense of
ondansetron is probably not justified for procedures
lasting less than 90 minutes.

Clonidine

It is extremely important to maintain stable blood
pressure and heart rate in patients undergoing
facial rhytidectomy. Even brief episodes of hyper-
tension can have catastrophic results in these
patients. Hematoma and seroma formation can
potentially lead to skin flap necrosis or delayed
wound healing. Even when hematomas are detected
and drained expeditiously, the overall experience of
the cosmetic surgery patient is made significantly
less pleasant. Therefore, the authors routinely pre-
medicate all patients undergoing facial rhytidec-
tomy with 100 to 200 mg of oral clonidine (Catapres)
approximately 1 hour before surgery.

Clonidine is an a2-adrenergic receptor agonist
that acts centrally to inhibit sympathetic outflow.
Inhibition of sympathetic outflow is responsible for
many of the effects that make clonidine so useful
perioperatively. Clonidine improves hemodynamic
stability with a reduction in both baseline heart rate
and mean arterial pressure. Unlike many b-block-
ers, there is no significant “rebound hypertension”
associated with clonidine; in fact, its effect lasts well
into the recovery period. In addition, clonidine has
a sedative effect that serves as a useful adjunct in
the conscious sedation technique.

Clonidine has also been shown to reduce the use
of sedative, analgesic, and anesthetic agents in a
wide range of surgical procedures performed under
both general anesthesia and sedation techniques.
Within plastic surgery, it has been shown to
decrease propofol requirements in patients under-
going facial rhytidectomy. The shivering associated
with recovery from anesthesia has also been reduced
by the preoperative administration of clonidine. It is
important to note that patients should always have
their heart rate and blood pressure documented
before the administration of clonidine, with doses
adjusted accordingly.

Intraoperative Procedures and
Medications

Opioids and Benzodiazepines

Multiple agents are available for use in conscious
sedation protocols, including benzodiazepines,
opioids, barbiturates, phenothiazines, and hyp-

notics. The agents selected for use in any conscious
sedation protocol should achieve the goals of anxiol-
ysis, anesthesia, analgesia, and amnesia. These
goals are ideally achieved by using the most limited
number of drugs possible. Agents can be strictly
limited to diazepam (given only in the preoperative
period), midazolam, fentanyl, and lidocaine. By lim-
iting the protocol to three classes of agents, surgeons
can maximize the familiarity of the surgical and
nursing staff with the appropriate doses, onset of
action, and duration of action of these agents. Fur-
thermore, all agents are limited to intravenous
delivery to eliminate the sometimes unpredictable
onset of action of orally delivered drugs (i.e.,
diazepam).

Fentanyl and midazolam are ideal agents. Their
rapid onset of action and short half-lives greatly
facilitate the titration of drug delivery to a given
effect. The use of small, incremental doses separated
by at least 5 minutes is key because of the rather
steep dose-response curve of both these drugs.
Typical incremental doses of midazolam are in the
range of 0.5 to 1 mg. Generally, once the total dose
of midazolam reaches 15 mg, amnesia is complete.

Fentanyl administration is limited to doses of 
25 mg. The total administration of fentanyl is
restricted to 250 mg for a 2-hour case and 300 mg for
procedures lasting up to 4 hours. Patients older than
55 years are given relatively smaller doses, whereas
younger adults or those with a significant history of
alcohol consumption are given relatively higher doses.

Reversal Agents

Flumazenil and naloxone specifically antagonize
benzodiazepines and opioids, respectively. Their use
is reserved for situations in which clear overseda-
tion or narcotization has occurred. These situations
are indicated by the following: a loss of patient-
maintained ventilation that is refractory to verbal
stimulation, hypoxemia refractory to oxygen sup-
plementation, and the patient’s inability to main-
tain a patent airway.

Reversal agents do have significant side effects.
The sudden blockade of opioid receptors in a patient
who has recently or is currently undergoing a 
surgical procedure can induce significant pain-
mediated hypertension and tachycardia. Addi-
tionally, naloxone can cause nausea and vomiting,
pulmonary edema, and ventricular dysrhythmias.
Flumazenil has been associated with dizziness, agi-
tation, and seizures. Therefore, rather than admin-
istering these agents at the first hint of a potentially
oversedated patient, supplemental oxygen should 
be administered and the patient verbally encour-
aged to breathe deeply. Next, a painful stimulus
such as injection of local anesthetic or a sternal rub
is applied. Basic airway maneuvers such as a jaw
thrust and application of oxygen by nasal cannula
are simultaneously performed. Positive pressure
ventilation can be administered if these maneuvers
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fail. Only after the failure of these interventions
should reversal agents be considered. However,
there should be no hesitation in administering these
agents after it is clear that positive pressure venti-
lation cannot be maintained.

These agents are given incrementally and
titrated to effect. It is critical to realize that rever-
sal agents have durations of action that are signifi-
cantly shorter than those of the agents that they
antagonize. Consequently, they may need to be read-
ministered several times before the benzodiazepine
or opioid has been completely cleared to avoid the
phenomenon of resedation. Reversal agents need to
be kept available and the patient closely monitored
for up to 2 hours after the completion of surgery.

The endpoint of any conscious sedation protocol
is a hemodynamically stable patient who remains
cooperative and maintains the ability to verbally
confirm comfort and relaxation. Indeed, lack of 
cooperation by the patient is one of the earliest 
signs of oversedation and typically represents the
disinhibition sometimes induced by benzodi-
azepines. The tendency to further sedate an unco-
operative patient must be avoided. Rather, the
patient should be assessed for hypoxemia and signs
of lidocaine toxicity or oversedation. All these factors
may potentially contribute to agitation. Finally, the
quality of local anesthesia in the surgical field is
reassessed.

Local Anesthetics

Two major groups of local anesthetics are available.
The ester group includes cocaine, procaine, tetra-
caine, and benzocaine. These agents are derived, in
part, from para-aminobenzoic acid (PABA). Allergic
reactions to these agents are known to occur and are
largely thought to be reactions to the PABA compo-
nent of ester anesthetics. Ester anesthetics are
metabolized by plasma pseudocholinesterase, and
therefore impaired metabolism is rarely an issue.

The isolation of lidocaine in 1948 introduced the
amide group of local anesthetics. Amide anesthetics
such as lidocaine, mepivacaine, and bupivacaine are
virtually never associated with allergic reactions.
They are metabolized via a hepatic route, however,
and thus should be used cautiously in patients with
significantly impaired liver function.

Ester and amide anesthetics both function by
blocking sodium channels, inhibiting threshold
potentials, and thereby reversibly blocking nerve
conduction. Both anionic and cationic molecules
exist in any preparation of local anesthetic. Anionic
molecules penetrate nerve membranes, and thus it
is the anionic portion of a given anesthetic prepara-
tion that provides the true effect of local anesthesia.
Adding sodium bicarbonate to these agents achieves
two goals. First, the acidity of commercial local 
anesthetics is decreased, thus diminishing the 

discomfort associated with infiltration in awake or
sedated patients. Second, the proportion of local
anesthetic existing in an anionic form is increased,
thus maximizing the effect and onset of action of a
given volume of agent. Ultimately, the single most
important factor in potency and onset of action of
any particular local anesthetic is the total dose
delivered.

Tumescent Anesthesia

Tumescent anesthesia, familiar to any surgeon per-
forming liposuction, is a fundamental component of
the conscious sedation technique. No longer unique
to liposuction procedures, tumescent anesthesia has
been extensively used in aesthetic surgery, oncologic
breast surgery, and even pressure sore treatment.
The tumescent technique provides the advantages 
of excellent local anesthesia delivered over a broad
anatomic region, hemostasis and decreased intra-
operative blood loss, reduction in the need for intra-
venous fluid resuscitation, and elimination of the
need for more toxic long-acting local anesthetic
agents such as bupivacaine.

The tumescent technique is especially useful in
facial plastic surgery and aesthetic breast proce-
dures. Not only are anesthesia and hemostasis facil-
itated, but hydrodissection of surgical, avascular
planes expedites operative dissection in many cases.

Typical solutions consist of 100 mL of 1% lido-
caine (Xylocaine), 1 mL epinephrine (1:1000), and
250 mL saline for face lifts, breast augmentations,
or mastopexies. For abdominoplasties, breast reduc-
tions, mastopexies with liposuction, or liposuction, a
standard mix of 50 mL of 1% Xylocaine and 1 mL
epinephrine in 1000 mL lactated Ringer’s solution 
or saline is used as a supplement to a more concen-
trated solution for the skin incisions. As with tradi-
tionally delivered lidocaine, addition of sodium
bicarbonate to more concentrated tumescent lido-
caine solutions increases the proportion of anes-
thetic in the more functional anionic form.
Additionally, sodium bicarbonate decreases the 
discomfort typically associated with the injection of
acidic agents in awake or even sedated patients.
Normal saline or lactated Ringer’s solution should
be stored at 40∞ C. Warming fluids not only mini-
mizes the potential for hypothermia associated with
the infiltration of relatively large volumes of room-
temperature fluids but also reduces the discomfort
associated with infiltration.

Traditionally formulated preparations of lido-
caine are considered safe in doses of 5 mg/kg without
epinephrine and 7 mg/kg with epinephrine. Lido-
caine delivered in tumescent solution, however, 
is safe in doses of approximately 35 mg/kg up to 
50 mg/kg (although the lower limit is the highest
used by most practitioners). The safety of such high
doses of lidocaine was initially thought to be due to
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always the first priority. Finally, if arrhythmias
develop, resuscitation may be prolonged because the
toxicity may not resolve until significant redistribu-
tion of the local anesthetic medication can occur.

As noted earlier, the peak plasma concentration
of lidocaine delivered via tumescent technique
occurs approximately 12 hours after infiltration.
This sustained effect completely eliminates the need
for longer-acting anesthetic agents such as bupi-
vacaine to provide supplemental, immediate, or
postoperative anesthesia. Bupivacaine and the
longer-acting local anesthetics typically result in
CNS depression and cardiovascular toxicity at sig-
nificantly lower doses than those used with lido-
caine. The associated toxicity makes their use
impractical in broad surgical fields, such as those
encountered in abdominoplasty or liposuction.

Pearls and Pitfalls

• Limit the variety and types of sedative and
analgesic agents to maximize surgeon famil-
iarity and safety.

• Use small, incremental doses of fentanyl and
midazolam.

• Clearly chart both incremental and total doses
of intraoperative medications in full view in the
operating room.

• Be prepared to treat patients progressing into
deep sedation.

• Local anesthesia delivered by high-volume,
dilute lidocaine solution is the foundation of
the technique, not opioids or benzodiazepines.

• Do not provide routine supplemental oxygen to
patients undergoing conscious sedation.
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evacuation of the anesthetic agent along with the
tumescent fluid and aspirated fat during liposuction
procedures. However, peak plasma concentrations 
of lidocaine occur approximately 12 hours after 
infiltration, regardless of whether aspiration is 
performed. When higher doses are delivered more
rapidly, peak plasma concentrations occur about 6
hours after infiltration.

The safety of high-dose lidocaine delivered in
wetting solution is now thought to be due to massive
dilution of the anesthetic agent, the relatively slow
rate of administration, the vasoconstriction atten-
dant with the addition of epinephrine, and the 
relatively avascular spaces in which the wetting
solution is delivered.

Lidocaine Toxicity

Recognition

Despite the documented safety of the tumescent
technique, it is important to recognize the signs of
lidocaine toxicity whenever delivering such high
doses. At plasma concentrations of 3 to 5 mg/mL,
dizziness and lightheadedness are observed,
whereas levels of 5 to 9 mg/mL are associated with
muscle fasciculations and tinnitus. At levels of 9 to
12 mg/mL, seizure activity is manifested, and levels
higher than 20 mg/mL are accompanied by respira-
tory arrest and cardiovascular collapse. Of note,
benzodiazepines have been shown to increase the
seizure threshold for lidocaine, and they may con-
tribute in part to the safety record of high-dose lido-
caine delivered via the tumescent technique.

Treatment

When lidocaine toxicity does occur, it is critical to
act quickly to counteract the resulting CNS and 
cardiovascular sequelae. Seizure activity is treated
initially by hyperventilation with 100% oxygen
delivered by Ambu bag. This maneuver circumvents
the deterioration in CNS status associated with
hypercapnea. If seizure activity continues, diazepam
or thiopental can be administered intravenously 
in doses of 0.1 mg/kg and 2 mg/kg, respectively.
Hypotension is treated with aggressive intravenous
fluid resuscitation and Trendelenburg positioning.
The judicious use of peripheral vasoconstrictors may
need to be considered. Although inducing hyperten-
sion is certainly not desirable in a patient undergo-
ing surgery in a wide or richly vascularized field
(i.e., abdominoplasty or rhytidectomy), maintenance





This chapter discusses common benign cutaneous
neoplasms that clinicians are likely to encounter
during examination of the skin.

It is important to ensure that the proper diagno-
sis is made before pursuing therapy or making a
decision not to treat cutaneous neoplasms. Many
malignant neoplasms can mimic benign growths
and vice versa. In addition, many benign neoplasms
have malignant potential. Thus, it is of paramount
importance for physicians to have a high index of
suspicion when examining skin lesions, particularly
if the patient gives a history of the lesion growing
or changing in any way. Biopsy should be performed
in all cases in which malignancy cannot be ruled out
by physical examination.

Because most benign cutaneous neoplasms pose
no health risk to the patient, they are often left
untreated or are removed solely for cosmetic 
purposes. Noncosmetic indications for treatment
include pain, inflammation, infection, functional
limitation, or the potential for malignant 
transformation.

Benign Epidermal Neoplasms

Seborrheic Keratoses

These lesions are benign proliferations of epidermal
cells (keratinocytes) and have no malignant poten-
tial (Fig. 1). Seborrheic keratoses can be few or
numerous and occur mostly on the trunk and head,
but they can also occur on the extremities. Patients
of Asian or African descent can have many small
lesions over the face (dermatosis papulosa nigra).

Light application of liquid nitrogen is a viable
treatment option for seborrheic keratoses. However,
particularly in dark-skinned patients, care must 
be taken to avoid permanent hypopigmentation.
Lesions can be removed under local anesthesia with
gentle curettage. If curettage is too aggressive (i.e.,
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into the reticular dermis), scarring can occur. Light
electrodessication is the authors’ preferred treat-
ment. The lowest possible voltage that causes the
lesion to change color to gray, white, or purple
should be used. The keratosis can then be gently
removed with gauze. When removed in this manner,
scarring rarely occurs. If the lesions are small and
thin, local anesthesia may not be necessary. If bleed-
ing occurs, electrodessication is stopped and light
pressure is applied because continued electrodessi-
cation results in scarring.

Actinic Keratoses

An actinic keratosis (AK) is defined histologically 
as atypia of the epidermis that does not involve 
the entire thickness of the epidermis. After full-
thickness atypia occurs, the lesion is no longer AK
but rather squamous cell carcinoma in situ (SCCIS).
AKs are therefore precursors of squamous cell 
carcinoma (SCC). Between 1% and 10% of untreated
AKs evolve to become SCCIS or invasive SCC.
Therefore, it is advisable to treat these lesions to
prevent the development of carcinoma.

In patients with few or discrete lesions, liquid
nitrogen is commonly used. It can be applied with a
cotton applicator or with a focused spray. It should
be applied for 2 to 3 seconds in three successive
treatments because cellular destruction is maxi-
mized by repeated freeze-thaw cycles. Superficial
blistering after treatment is expected. Scarring can
occur, usually as hypopigmented, round depressions
in the area of treatment. If the lesion does not
resolve with treatment or recurs after treatment,
biopsy is indicated to rule out SCC.

Many patients with extensive photodamage have
diffuse AKs, thus making spot treatment with liquid
nitrogen impractical and ineffective. The most
widely used treatment for large areas of involve-
ment is topical chemotherapy with 5-fluorouracil (5-
FU). Efudex (5-FU 5% cream) is applied twice daily
for 2 to 6 weeks, or Carac (5-FU 0.5% cream) is
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applied once daily for 2 to 4 weeks. With any 5-FU
preparation, treatment is continued until a plateau
in the skin’s response is seen.

5-FU preparations cause AKs to become erythe-
matous, and if photodamage is severe, the skin may
become diffusely red, crusted, and painful. The
inflammation can take 2 to 4 weeks to heal, and the
residual erythema may persist for 1 to 4 months. If
discomfort is problematic for the patient, hydrocorti-
sone 2.5% ointment can be applied either during or
after the course of therapy. Patients must strictly
avoid the sun throughout the course of therapy. Most
patients tolerate 5-FU, and any photodamage is sig-
nificantly improved after treatment. Scarring is
exceedingly rare and generally occurs only when
treatment is complicated by infection. If the patient
has a history of herpes simplex, antiviral prophylaxis
should be considered at the beginning of treatment.

Imiquimod (Aldara) is a topical immunomodula-
tor that is now FDA-approved for treatment of AKs.
It is usually applied three times weekly for 4 to 6
weeks. Diclofenac sodium, 3% gel, is a topical non-
steroidal anti-inflammatory compound also used for
treating AKs. It is applied one or two times daily for
2 to 3 months.

Other less commonly used options for the treat-
ment of AKs include curettage, particularly when a
biopsy specimen is desired to confirm the diagnosis
and rule out SCC; photodynamic therapy, such 
as the application of topical porphyrins followed 
by exposure to visible light; topical tretinoin or
tazarotene; and chemical peels. In patients with
multiple AKs attributed to xeroderma pigmentosum
or immunosuppression, long-term oral isotretinoin
or acitretin may be beneficial.

Keratoacanthomas

Keratoacanthomas are fast-growing papules with a
keratotic or ulcerated center (Fig. 2). They are

benign and spontaneously involute over a period of
several months. However, they are often impossible
to distinguish histologically from SCC on biopsy.
Thus, solitary keratoacanthomas are best excised to
the level of subcutaneous fat. In this way, invasive
SCC can be definitively ruled out. Mohs’ micro-
graphic surgery is recommended for solitary kera-
toacanthomas on the face because some of them
prove to be invasive SCC on excision.

In patients with multiple, eruptive, or giant 
keratoacanthomas, excision is not practical. After
clinical and histologic diagnosis is established, the
lesions may be treated with intralesional 5-FU,
methotrexate, or bleomycin. Topical podophyllin, 5-
FU, or tazarotene can be used if large areas are
involved. Oral treatment of refractory cases includes
retinoids and cyclophosphamide. A patient with ker-
atoacanthomas and sebaceous neoplasms (including
sebaceous adenoma/epithelioma/carcinoma or basal
cell carcinomas with sebaceous differentiation) must
undergo a workup for internal malignancies (Muir-
Torre syndrome).

Warts and Condyloma

There are many subtypes of warts, each associated
with distinct strains of human papillomavirus
(HPV): common warts (verruca vulgaris), flat warts,
plantar warts, and genital warts (condyloma). Warts
often require prolonged treatment, and many treat-
ment failures are due to discontinuation of treat-
ment or undertreatment. Warts are particularly
challenging to treat in immunocompromised
patients. Continuous treatment is often required
because new lesions constantly form. Treatment of
warts is primarily destructive, although imiquimod
and other immunomodulators are being used
increasingly, often as adjuncts to destructive 
modalities.

Figure 1 • Seborrheic keratoses. (Courtesy of the Depart-
ment of Dermatology, New York University School of 
Medicine.)

Figure 2 • Keratoacanthomas of the hand. (Courtesy of the
Department of Dermatology, New York University School of
Medicine.)



Benign Cutaneous Neoplasms —— 39

T
h

e In
teg

u
m

en
t

COMMON WARTS. First-line treatment of common
warts (Fig. 3) is cryotherapy with liquid nitrogen.
Before freezing, the wart should be pared as much
as possible to permit deeper freezing. Adequate
treatment is indicated by blister formation within
24 to 48 hours. Freezing time depends on the size of
the wart and may vary from 5 to 30 seconds. It
should take approximately 30 to 40 seconds for the
wart to thaw after an adequate freeze, and two
freeze cycles should be performed in a treatment
session. An area of 2 to 3 mm around the wart
should be included in the treatment. Treatments
should be repeated every 2 weeks because prolonged
periods between treatments allow regrowth of the
wart. Hypopigmentation is common, but scarring 
is rare if the lesions are located on the hands or feet.

PERIUNGUAL WARTS. These lesions present an
especially difficult problem because they involve the
nail bed, which is protected by the nail plate. A flexor
sheath nerve block is generally needed to administer
adequate freeze. Whitening of the nail bed adjacent to
the lesion must be seen during freezing. If the lesion
fails 2 to 3 months of biweekly liquid nitrogen treat-
ment, removal of the nail plate followed by aggressive
curettage and desiccation may be required, but such
treatment can lead to permanent nail dystrophy as a
result of scarring of the nail matrix.

FLAT WARTS. Flat warts are more responsive to
treatment than common warts and often sponta-
neously regress. Aggressive therapy (desiccation
and curettage, intralesional chemotherapy) is 
generally avoided. Light cryotherapy (3- to 5-second
application to each lesion) and 40% salicylic acid are
satisfactory options for limited warts. For more
extensive lesions, tretinoin (Retin-A, 0.05% or 0.1%
cream) is effective. 5-FU (Efudex, 5% cream) applied
daily or pulsed dye laser therapy can be used in
refractory cases.

PLANTAR WARTS. Plantar warts are more refrac-
tory to therapy than common warts and aggressive
desiccation and curettage can lead to painful scar-
ring on the sole of the foot or palm. Therefore, a com-
bination of liquid nitrogen cryotherapy, as described
earlier for common warts, and home therapy
between cryotherapy treatments is the best primary
treatment. Home therapy consists of applying a 40%
salicylic acid plaster daily after the cryotherapy
blister has resolved. Each day when the pad is
removed, the area should be soaked in water for 5
to 10 minutes. The keratotic, white material should
be removed by the patient with a metal file or
pumice stone. The patient should not use the stone
or file elsewhere on the body because it may be con-
taminated with the wart virus. If combination
therapy fails to work within 2 to 3 months, pulsed
dye laser therapy may be considered.

GENITAL WARTS (CONDYLOMA). It is well known
that genital warts or condyloma (Fig. 4) can lead to
SCC of the cervix or rectum. Thus, Papanicolaou
(Pap) smear screening is essential for screening. It
is important to note that treatment of external
condyloma has not been shown to decrease the risk
of HPV transmission to sexual partners, nor does it
decrease the risk of cancerous transformation. It is
imperative that all female partners of men with
condyloma and women with external condyloma be
counseled to undergo Pap smears every 6 to 12
months to ensure early detection of cervical dyspla-
sia. Condom use is advised but may not effectively
protect partners from HPV transmission. Men with
anal condyloma, particularly those who are human
immunodeficiency virus positive, have a risk of
rectal carcinoma similar to the risk of cervical dys-
plasia in women with HPV. Therefore, anal Pap
smears and anoscopy are recommended every 6 to
12 months.

Trichloroacetic acid (TCA) in strengths of 25% to
50% followed immediately by the application of 25%
to 50% podophyllin every 1 to 2 weeks is usually
effective. Care must be taken to apply the medica-
tion only to the wart because application to normal
skin results in ulceration. Precise application can be
achieved by using thin calcium alginate swabs as
applicators. The podophyllin must be washed off in
6 to 8 hours to avoid ulceration. TCA/podophyllin
therapy, if used properly, rarely results in scarring.
Because podophyllin cannot be used in pregnant
women, it is advisable to avoid its use in sexually
active women with reproductive potential.

Liquid nitrogen cryotherapy is a treatment option
for light-skinned patients, in whom the resulting
hypopigmentation is not noticeable. Clearance may be
faster with cryotherapy than with TCA/podophyllin.
Lesions are treated with approximately two applica-
tions of liquid nitrogen every 1 to 2 weeks. A 2-mm
zone around the wart should be included.

Imiquimod can be a useful adjunct to the afore-
mentioned therapies. It can also be used as

Figure 3 • Verruca vulgaris (common warts) of the fingers.
(Courtesy of the Department of Dermatology, New York Uni-
versity School of Medicine.)
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monotherapy, but prolonged treatment of 3 or more
months is often required. The main advantage of
imiquimod is that it affords a private treatment
option for the patient and minimizes office visits.
However, its expense is prohibitive for many
patients. For refractory condyloma or extensive
lesions, desiccation and curettage or pulsed dye
laser therapy is an option.

BOWENOID PAPULOSIS. This lesion arises in
genital warts caused by HPV-16. It is histologically
similar to SCCIS, although atypical keratinocytes
are more scattered throughout the epidermis rather
than confluent as in Bowen’s disease/SCCIS.
Bowenoid papulosis can resolve spontaneously or
progress over time to SCCIS or invasive SCC. 
Conservative treatment with topical 5-FU is usually
sufficient. If recurrent, excision or desiccation and
curettage may be considered.

GIANT CONDYLOMA ACUMINATUM (BUSCHKE-
LÖWENSTEIN TUMOR). This aggressive wart-like

growth is a malignant verrucous carcinoma caused
by HPV-6. It is treated by complete excision.

TREATMENT OF REFRACTORY WARTS. Pulsed dye
laser therapy can be useful in refractory warts;
however, multiple treatments (5 to 20) are often
required. Intralesional bleomycin is another option
for refractory warts. The treatment is administered
every 3 to 4 weeks, and the warts usually clear in
two to three treatments. Varying doses and admin-
istration techniques are reported in the literature
with cure rates as high as 90%. A black eschar may
occur after treatment. Care should be taken when
treating distal digital warts with bleomycin because
nail dystrophy, Raynaud’s phenomenon, and necro-
sis of the digit have been reported.

Other therapies include cantharone or 40% sali-
cylic acid, both of which can be applied daily by the
patient. Imiquimod applied three times a week can
be a useful adjuvant therapy that the patient can
apply at home. Oral cimetidine (30 to 40 mg/kg/day),
acitretin, isotretinoin, levamisole, topical cidofovir,
and intralesional mumps or Candida antigen may
also be useful treatments in selected cases.

Benign Dermal Neoplasms

Acrochordons (Skin Tags,
Fibroepithelial Polyps, Soft Fibromas)

These benign lesions appear as soft flesh-colored to
brown pedunculated papules, usually on the neck,
trunk, or axillae. They occur particularly in areas of
friction and are seen commonly in women of African
or Mediterranean descent and in the obese. Acro-
chordons may be single or multiple and can vary
from 1 mm to a few centimeters in diameter. They
can have a smooth or verrucous surface. Acrochor-
dons can become inflamed and painful as a result of
trauma or thrombosis. On histologic examination
they contain collagen fibers, fat, and blood vessels.

If the stalk of the lesion is thin, the tags can
simply be clipped off or lightly electrodesiccated
without anesthesia. Larger lesions require local
anesthesia. If scissors are used, hemostasis is easily
achieved with the application of aluminum chloride.
Patients should be aware that new lesions are likely
to develop over time.

Lipomas

Lipomas are benign fatty tumors. They can be easily
diagnosed by their characteristic soft texture on
examination. They may grow to large size (several
centimeters), and direct excision is the treatment of
choice. The entire lesion must removed or the lipoma
can recur. They should be sent for pathologic 
examination to distinguish them from the rare
liposarcoma.

Figure 4 • Condyloma (genital warts) of the perineal-scrotal
region. (Courtesy of the Department of Dermatology, New York
University School of Medicine.)
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Dermatofibromas 

Dermatofibromas are benign lesions that have no
malignant potential and rarely pose any inconve-
nience or cosmetic concern to the patient (Fig. 5).
Therefore, they are usually left untreated. Der-
matofibromas appear as well-circumscribed round
or oval papules or nodules (5 to 20 mm in diameter),
red-brown in color. When the adjacent skin is
pinched between the fingers, they have the tendency
to recede into the skin (the dimple sign), which is
helpful in making the diagnosis. If a dermatofi-
broma is growing gradually and becomes larger than
2 cm, excisional biopsy is recommended to rule out
dermatofibrosarcoma protuberans or malignant
fibrous histiocytoma.

Sebaceous Hyperplasia

Sebaceous hyperplasia is a benign tumor composed
of enlarged sebaceous glands. It begins as a pale
yellow, slightly elevated papule; with time it
becomes yellow, dome shaped, and umbilicated. It
may be mistaken for basal cell carcinoma. Biopsy is
indicated if the diagnosis is in question. Treatment
is by electrodessication, excision, or carbon dioxide
or excimer laser. Oral isotretinoin may induce reso-
lution of lesions, but they recur with cessation of
therapy.

Angiofibromas

An angiofibroma most commonly manifests as a
dome-shaped, flesh-colored papule (5 mm or less in
diameter) on the nose or adjacent skin in a middle-
aged person. The lesion may be shaved flat under
local anesthesia. It is prudent to send the tissue for
histologic examination to rule out early basal cell
carcinoma.

Multiple angiofibromas on the face of a child are
referred to as adenoma sebaceum, an unusual 
condition seen in tuberous sclerosis and multiple
endocrine neoplasia.

Neurofibromas

Solitary neurofibromas (Fig. 6) are common and not
associated with neurofibromatosis 1 (NF1). They
appear as soft flesh-colored or pink nodules (2 to 
20 mm in diameter). They can often be pressed into
the skin through an underlying invagination—so-
called buttonholing. The presence of two or more
neurofibromas fulfills one of the two necessary 
criteria for the diagnosis of NF1.

The presence of any one of the following, in 
addition to two or more neurofibromas, establishes
the diagnosis of NF1: six or more café au lait
macules, optic gliomas, Lisch nodules, axillary or
inguinal freckling, a characteristic bone lesion, or a
first-degree relative with neurofibromatosis. An

Figure 5 • Dermatofibroma (sclerosing hemangioma). (Cour-
tesy of the Department of Dermatology, New York University
School of Medicine.)

Figure 6 • Neurofibroma. (Courtesy of the Department of
Dermatology, New York University School of Medicine.)
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exception is the presence of a plexiform neurofi-
broma, which is a flesh-colored soft nodule, usually
1 cm or larger, that on palpation has a characteris-
tic texture referred to as a “bag of worms.” The pres-
ence of this lesion alone is sufficient to make the
diagnosis of NF1.

Another exceptional entity is known as linear or
segmental neurofibromatosis. This condition is a
mosaic form of NF1 in which multiple neurofibro-
mas are present in a localized area, often along
Blaschko’s developmental lines of the skin. Patients
with segmental neurofibromatosis should be coun-
seled that they may be carriers for NF1 if the mosaic
mutation has affected the patient’s germ cells.

Treatment of neurofibroma is not generally nec-
essary for solitary lesions and impractical for
patients with neurofibromatosis who have multiple
lesions. Conservative surgical excision is the only
treatment available.

Xanthelasma

Xanthelasma is a benign deposition of lipid in the
superficial dermis, usually in the skin around the
eyes. It can be associated with familial hypercho-
lesterolemia, but most patients have normal choles-
terol levels. It can be associated with an increased
risk for atherosclerotic disease. Treatment is either
direct excision or electrodessication. Carbon dioxide
or excimer laser ablation may also be effective.

Benign Melanocytic Neoplasms

Melanocytic Nevi (Moles)

There are various clinical subtypes of melanocytic
nevi that correspond to unique histopathologic pat-
terns: junctional, compound, intradermal, congeni-
tal, blue, and halo nevi. These lesions are benign
and have no malignant potential. They are removed
when a malignant diagnosis is in question or when
indicated for cosmesis. If complete removal is
desired, surgical excision is usually performed. For
small junctional and compound nevi, the cosmetic
outcome is sometimes superior with a deep shave
biopsy, depending on the location of the lesion. This
technique is not advisable for intradermal, congen-
ital, or blue nevi because they often penetrate deep
into the dermis and recur after superficial removal.
A punch biopsy to the level of fat with placement of
superficial sutures is also an option for removal of
small nevi. However, care must be taken to remove
the entire lesion to avoid recurrence.

Dysplastic (Atypical) Nevi

Clinical differentiation between nondysplastic nevi,
dysplastic nevi, and melanoma can be challenging.
Dermoscopy (magnification of the lesion by the

application of a dermatoscope to the skin surface) in
the hands of an experienced physician can aid in dis-
tinguishing these lesions. Histologic examination of
the lesion can generally establish the diagnosis.

Dysplastic nevi are those with cytologic or archi-
tectural atypia, or both, on histologic examination.
Although they are benign, atypical or dysplastic
lesions may carry a risk of transformation to malig-
nant melanoma. The precise risk is not known but
is thought to be proportional to the degree of atypia.
Atypia is graded as mild, moderate, or severe by
most dermatopathologists. However, the gradations
extend along a continuum, and precise criteria have
not been established for grading. It is important for
the clinician to have familiarity with the grading
system used by the pathology laboratory and to use
this knowledge to influence subsequent treatment
decisions. Many practitioners perform conservative
excision when a biopsy report indicates the presence
of moderate or severe atypia.

Patients with even a single dysplastic nevus have
an increased risk for melanoma during their lifetime
and should therefore be monitored closely with total
body skin examination every 6 months. A melanoma
may arise within the dysplastic nevus or may occur
de novo. Patients with dysplastic nevi who have two
or more relatives with melanoma have close to a
100% lifetime risk for melanoma. Thus, it is impor-
tant to establish an accurate family history when-
ever possible. In the absence of a positive family
history, the lifetime risk for melanoma in a patient
with dysplastic nevi is increased 3- to 40-fold. The
greater the number of dysplastic nevi present (by
clinical or histologic diagnosis), the greater the risk.
Patients with multiple nevi that are clinically dys-
plastic should be examined every 3 to 6 months or,
if available, examined at a multidisciplinary pig-
mented lesion center where patients are monitored
with the aid of dermoscopy and total body 
photographs.

Lentigines

Lentigines are benign proliferations of melanocytes
along the basal layer of the epidermis. Unlike nevi,
the melanocytes do not form nests. Unlike
melanoma in situ and lentigo maligna, the
melanocytes are not atypical, are symmetric in pro-
liferation, are not confluent along the basal layer,
and do not rise above the basal layer.

Lentigines are divided into lentigo simplex and
solar lentigines. Most lentigo simplex lesions appear
in childhood, but new lesions continue to develop in
many patients throughout life. They can occur any-
where on the body. Lentigo simplex is clinically
indistinguishable from a junctional nevus. Solar
lentigines (also known as age spots or liver spots)
accumulate over time in areas of sun exposure, par-
ticularly the face and dorsal surface of the hands. It
can be difficult to distinguish a large irregular solar
lentigo from lentigo maligna clinically. Therefore, it
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is important to establish a firm diagnosis either clin-
ically or histologically before treating a lentigo.

There is no indication for the treatment of lentig-
ines other than cosmesis. Liquid nitrogen cryo-
therapy is usually sufficient treatment, although
hypopigmentation is common. For darker lesions,
more than one treatment may be required, and the
risk of hypopigmentation is increased. Q-switched
lasers, particularly ruby (694 nm) and Nd:YAG 
(532 nm), are effective in removing lentigines. The
risk of scarring and hypopigmentation is minimal in
light-skinned patients but common in patients with
darker skin types. Intense pulsed light is also effec-
tive, but generally less so than ruby or Nd:YAG laser
therapy.

Benign Vascular Neoplasms

Cherry Hemangiomas

Cherry hemangiomas are bright red macules or
papules 1 to several mm in diameter. They occur
over the trunk and upper extremities in adults and
tend to increase in number with age. Cherry heman-
giomas have no malignant potential and rarely
become inflamed. They are collections of dilated 
capillaries in the upper dermis. The sole reason for
removal is cosmetic. For small lesions, light elec-
trodessication with the minimum voltage required
can be used without anesthesia. For larger lesions,
pulsed dye laser therapy is effective and has a low
risk of scarring.

Pyogenic Granulomas

Pyogenic granulomas are rapidly growing bright 
red nodules that can achieve a size of 1 to 2 cm in
diameter (Fig. 7). They occur most commonly on the
fingers, lips, and gingiva. They often arise after
cutaneous trauma or infection and are probably
reactive capillary proliferations rather than true
neoplasms. Pyogenic granulomas often ulcerate, 
are friable, and bleed easily. They can simulate
angiosarcoma, Kaposi’s sarcoma, and bacillary
angiomatosis and should be biopsied. The optimal
treatment is shave excision with electrodessication
of the base, but local anesthesia is required. During
excision, it may be evident that part of the tumor
extends deeper into the dermis. This portion can be
removed with blunt dissection before electrodesicca-
tion; however, scarring is common with deep dissec-
tion and desiccation. Recurrence is common, but
most lesions will resolve spontaneously with time.

Cysts

True cysts are spherical proliferations of epithelial
cells without malignant potential. Pseudocysts are

spherical cellular proliferations in which the cyst
wall has no epithelial layer. The most common cysts
in the skin are epidermal (infundibular) cysts, pilar
(trichilemmal) cysts, milia, and steatocystomas.
They are true cysts because their walls are com-
posed of epithelial cells that simulate and may arise
from different parts of the pilosebaceous unit.

Epidermal and pilar cysts are clinically indistin-
guishable and appear as subcutaneous nodules 1 to
several cm in diameter. However, in contrast to epi-
dermal cysts, pilar cysts are less common, tend to be
multiple, and usually occur on the scalp. Steatocys-
tomas appear as yellow nodules 2 to 6 mm in diam-
eter and are primarily located on the upper part of
the body and thighs. They can occur as single
lesions. If multiple, steatocystomas are generally
inherited in an autosomal dominant pattern
(although sporadic cases exist), and the condition is
referred to as steatocystoma multiplex. Milia are
much smaller than other cysts. They appear as firm,
white, 1- to 2-mm papules. Milia can occur sponta-
neously, after cutaneous trauma, or with deep blis-
tering diseases such as porphyria cutanea tarda and
bullous pemphigoid.

Inflammation of epidermal and pilar cysts is
common. The lesions become very tender and may
spontaneously open and drain. It is debatable what
proportion of inflamed cysts are actually infected
and whether antibiotics are necessary. If antibiotics
are given, the drainage fluid should first be cultured.
Most cultures yield Staphylococcus epidermidis or 
a combination of staphylococcal and streptococcal
bacteria. Cephalexin or another first-generation
cephalosporin, administered for 5 to 7 days, is the
first-line therapy. If fluctuance is present, it is advis-
able to incise and drain the cyst because such treat-

Figure 7 • Pyogenic granulomas. (Courtesy of the Depart-
ment of Dermatology, New York University School of 
Medicine.)
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ment greatly alleviates symptoms and accelerates
healing regardless of whether an infection is
present. If no area of fluctuance is observed, anti-
biotics are not generally required, and intralesional
triamcinolone can be used to accelerate resolution of
the inflammation. After the inflammation has 
subsided in 4 to 6 weeks, the cyst may be excised
because repeated episodes of inflammation can
occur.

Definitive treatment of cysts is excision. It is
important to remove the entire cyst wall to prevent
recurrence. In the case of steatocystoma multiplex,
small incisions (5 mm or less) are often sufficient to
remove the cysts. If the lesions are numerous, they
may be incised and drained for amelioration;
however, they do recur. Milia require only a very
small incision in the epidermis followed by gentle
lateral pressure to induce extrusion; sutures are not
required.

Pearls and Pitfalls

• Suspicious lesions should be biopsied.
• Removed specimens should be submitted for

pathologic examination.
• Ignoring aesthetic concerns in the removal of a

benign skin lesion can result in a dissatisfied
patient.
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Malignant Melanoma

The incidence of cutaneous malignant melanoma
has risen substantially over the last century.
Despite accounting for only 5% of all skin cancers
diagnosed annually, more than 75% of all skin
cancer deaths are due to melanoma. Increased
recognition of early lesions has resulted in diagno-
sis of the primary tumor while still confined to the
skin in the majority (82%) of patients. Early diag-
nosis correlates with increased survival. The 5-year
survival rate exceeds 90% in patients with localized
disease but decreases sharply to 60% and 5% in
patients with regional lymph node involvement and
distant metastases, respectively.

Clinical Characteristics and Risk Factors

Melanoma arises most commonly on the skin of the
back in men and on the lower extremities in women.
In darker skinned ethnic groups (African American,
Asian, and Hispanic), melanoma frequently arises
in the volar and plantar skin (acral) or in the nail
bed (subungual). Ninety-five percent of melanomas
arise in the skin, but they may also occur in the eye
and mucous membranes, including the vagina and
anus. Three percent to 5% of patients have metasta-
tic disease at initial evaluation in the absence of a
primary lesion.

The typical patient with melanoma has a fair
complexion that tans poorly and burns easily with
brief sun exposure. Blistering sunburns sustained
as a child are a significant risk factor, as is the devel-
opment of atypical (dysplastic) nevi. Patients with
more than 100 dysplastic nevi (dysplastic nevus syn-
drome) have a 10% to 15% incidence of melanoma 
in their lifetime, and the presence of even a single
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atypical mole increases the risk significantly. Chil-
dren with large congenital nevi are also at increased
risk for melanoma, although it appears to occur
uncommonly (10% to 15%) and predominantly in the
first decade of life in patients with truncal lesions.
Any patient in whom melanoma has previously been
diagnosed has a 3% to 6% lifetime risk for a second
primary melanoma. In addition, there is a 3% to 10%
incidence of melanoma in the first-degree relatives
of affected patients. Therefore, lifelong cutaneous
surveillance of all melanoma patients, as well as
their immediate family members, is essential.

Histopathology

Cutaneous melanoma arises from the melanocyte, a
pigment-producing cell of neural crest derivation
most often located at the junction between the epi-
dermis and dermis. Tumor thickness, or the distance
from the epidermal-dermal junction to the lowest
melanoma cell, is a measure of the vertical growth
phase of melanoma and a powerful indicator of 
the potential for local recurrence, metastasis, and
death. Accurate assessment of tumor thickness
guides the scope of the appropriate metastatic
survey, surgery, adjuvant treatment, and follow-up
schedule. Thickness is assessed in millimeters
(Breslow) or by levels of dermal penetration (Clark).

Melanoma is staged with the TNM system,
revised in 2002, (Table 1), which stratifies groups of
patients by delineation of the extent of lymph node
metastases by recording microscopic nodal involve-
ment of the sentinel node, as well as the number of
nodes affected. Important prognostic features, such
as the presence of ulceration of the primary lesion,
the preoperative lactate dehydrogenase (LDH) level,
and the anatomic site of distant metastatic disease,
are also included in this staging system.
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Clinical Diagnosis

Physical examination begins with inspection of the
entire cutaneous surface, including the volar and
plantar skin, web spaces, and mucous membranes.
The ABCD rule aids in the identification of lesions
most likely to be melanoma. Lesions that are Asym-
metric with irregular Borders, Color variation, and
Diameters exceeding 6 mm are considered suspi-
cious. In addition, any pigmented lesion that
becomes darker or lighter in color, increases in size,
or becomes raised, itches, or bleeds should immedi-
ately arouse suspicion.

Complete surgical excision is the biopsy method
of choice for suspicious lesions. This technique,
which can be performed rapidly in the office setting,
enables an accurate assessment of tumor thickness
should the lesion indeed prove to be melanoma.
Punch or shave biopsies are often performed but
may be inaccurate because tumor thickness may be
underestimated. Incisional biopsy of unusually large
or broad lesions is acceptable only if a diagnosis of
melanoma is confirmed and tumor thickness is
assessed accurately. For extremity lesions, surgical

biopsy incisions should always be oriented 
longitudinally so that they do not interfere with 
or complicate subsequent definitive excision and
reconstruction.

Metastatic Survey

The preoperative metastatic workup is determined
by the thickness of the primary melanoma and the
disease stage at initial evaluation (Table 2). No
metastatic workup is required for patients with
malignant melanoma in situ. Although the risk of
distant metastases is minimal (<3%), patients with
thin melanomas (<1 mm) should, nevertheless,
undergo chest radiographs and routine blood analy-
sis (including LDH). Patients with intermediate-
thickness lesions (1 to 4 mm) and thick lesions 
(>4 mm) undergo chest radiographs; routine blood
analysis; computed tomography (CT) of the chest,
abdomen, and pelvis; and CT or magnetic resonance
imaging (MRI) of the brain. Fludeoxyglucose positron
emission tomography (FDG-PET) is useful in further
characterizing indeterminate radiologic findings and
may have a role in the staging of high-risk lesions.

Surgical Excision Margins

Malignant melanoma in situ is excised with 5-mm
margins (Table 3). Thin (<1 mm) melanomas have
an extremely low rate of local recurrence (<2%) and
are excised with 1-cm margins. For intermediate-
thickness (1 to 4 mm) lesions, the safety of 2-cm exci-
sion margins has been confirmed in prospectively
randomized studies. For thick melanomas (>4 mm),
the guidelines are less certain because no prospec-
tively randomized study has specifically addressed
the issue of excision margins for these lesions.
Although 2-cm margins may be appropriate for
these lesions based on currently available data, in
selected circumstances (very thick lesions or the
presence of multiple satellite metastases), many
surgeons advocate wider excision margins of 3 cm.
However, it is unlikely that margins exceeding 2 cm
have a significant impact on the higher rate of local
recurrence (12%) and poor survival (55% at 5 years)
with which these lesions are associated.

Treatment of Regional Lymph Nodes

CLINICALLY NEGATIVE REGIONAL LYMPH NODES.
The majority of patients with newly diagnosed
melanoma exhibit no evidence of regional lymph
node metastases. The potential for regional lymph
node metastasis is most accurately assessed by
tumor thickness. Malignant melanoma in situ has
no significant potential for lymph node metastasis.
For thin melanomas (<0.8 mm), the risk of regional
lymph node metastasis is small (<5%); therefore,
treatment of regional lymph nodes is not indicated. 

Patients with intermediate-thickness lesions (0.8
to 3.9 mm) have a 20% to 25% incidence of micro-

TABLE 1 Melanoma Staging

STAGE CRITERIA TNM

0 Melanoma in situ Tis N0 M0
IA Breslow £1.0 mm or T1a N0 M0

Clark level II/III, no ulceration
IB Breslow £1.0 mm or T1b N0 M0

Clark level IV/V with 
ulceration
Breslow 1.01–2.0 mm, no T2a N0 M0
ulceration

IIA Breslow 1.01–2.0 mm with T2b N0 M0
ulceration

Breslow 2.01–4.0mm, no T3a N0 M0
ulceration

IIB Breslow 2.01–4.0 mm with T3b N0M0
ulceration

Breslow ≥4.0 mm, no T4a N0 M0
ulceration

IIC Breslow ≥4.0 mm with T4b N0 M0
ulceration

III Clinically apparent, satellite, Any T, N1–3, 
or in-transit nodal M0
metastases*

IV Distant metastases† Any T, any 
N, M1

*N1, clinically occult/apparent metastases; N2, metastases in two to
three regional nodes or intralymphatic regional metastases, without
nodal metastases; N3, metastases in four or more regional nodes,
matted metastatic nodes, in-transit metastasis, or a satellite or satel-
lites with metastasis in a regional node or nodes.

†M1a, metastasis to skin, subcutaneous tissues, or distant lymph nodes;
M1b, metastasis to lung; M1c, metastasis to all other visceral sites
or distant metastasis at any site associated with elevated serum
lactate dehydrogenase.

From American Joint Committee on Cancer: AJCC Staging Manual, 6th
ed. Philadelphia, JB Lippincott, 2002.
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scopic regional disease and a 3% to 5% risk 
of distant metastasis. Sentinel lymphadenectomy
serves to identify patients at high risk for systemic
disease who may be candidates for adjuvant 
treatment.

SENTINEL LYMPH NODE BIOPSY. Cutaneous 
lymphoscintigraphy allows precise delineation of 
the primary lymphatic drainage of cutaneous
melanomas and identification of a lymph node (or
nodes) in the regional lymph node basin, termed the
sentinel node, most likely to contain micrometas-

tases. Intraoperative lymphatic mapping using a
combination of intradermally injected vital blue dye
and radiolabeled technetium sulfur colloid enables
selective identification and excision of the sentinel
lymph nodes. Rapid histopathologic staging is per-
formed intraoperatively by microscopic examination
of the sentinel node. If no microscopic evidence of
metastatic melanoma is noted on histopathologic
examination of the sentinel node, no other lymph
nodes need to be excised because the incidence of 
so-called skip metastases to any other node in that
particular regional drainage basin is less than 5%.
Immediate therapeutic dissection of the regional
nodes is performed if metastases are found in the
sentinel lymph node because other nodes in the
regional drainage basin may also harbor metastases. 

In patients with melanomas 1 mm or thicker and
no clinical evidence of regional lymph node metas-
tases, lymphoscintigraphy consisting of dynamic
images and spot views is performed preoperatively
to define the lymphatic drainage and demonstrate
the location of the sentinel lymph node or nodes.
Sentinel lymphadenectomy is most accurately per-
formed at the time of wide and deep excision of 
the primary melanoma. Consequently, patients who
have already undergone definitive wide and deep
excision of the primary lesion may not be ideal 
candidates for sentinel lymphadenectomy because
lymphatic flow and drainage patterns may have
been altered by the previous surgery.

TABLE 2 Surgical Treatment of Primary Cutaneous Malignant Melanoma 

(Clinically Negative Regional Lymph Nodes*)

MELANOMA THICKNESS PREOPERATIVE WORKUP† EXCISION MARGINS RX—REGIONAL NODES

In situ Not needed 5 mm
<0.8 mm CXR, LDH 1 cm
0.8–3.9 mm CXR, LDH 2 cm Sentinel lymphadenectomy§

CT (chest, abdomen, pelvis)
CT/MRI (brain)
FDG-PET‡

≥4 mm CXR, LDH ≥2 cm¶ Sentinel lymphadenectomy§

CT (chest, abdomen, pelvis)
CT/MRI (brain)
FDG-PET‡

*Patients with biopsy-proven (fine-needle aspiration) regional lymph node metastases (American Joint Commission on Cancer [AJCC] stage III) undergo
formal (complete) lymph node dissection at the time of wide and deep excision of the primary lesion in the absence of distant metastases. Patients
with biopsy-proven distant metastases (AJCC stage IV) undergo wide and deep excision of the primary lesion without sentinel lymphadenectomy.
Patients with palpable regional lymph node metastases and distant metastases are candidates for palliative formal lymph node dissection only in the
setting of minimal stage IV disease.

†Computed tomography (CT) is performed with intravenous contrast in patients with melanoma, magnetic resonance imaging (MRI) is more sensitive in
the detection of central nervous system metastases, and MRI or fludeoxyglucose positron emission tomography (FDG-PET), or both, may be useful
in cases in which CT findings are indeterminate.

‡FDG-PET may be indicated to assess patients with indeterminate radiographic findings or those at high risk for metastatic disease.
§Intraoperative mapping and sentinel lymphadenectomy are performed in the absence of confirmed palpable lymph node metastases or evidence of distant

disease. Formal (complete) lymph node dissection is performed immediately if intraoperative microscopic analysis (touch preparation, frozen section,
rapid immunostain) of the sentinel lymph node or nodes reveals evidence of metastatic melanoma. If sentinel node metastases are confirmed later
on final pathology, formal (complete) lymphadenectomy is performed as a second procedure.

¶Minimal excision margins of 2 cm advised for melanomas 4 mm or larger in thickness. Wider (3 cm) margins are often used for these thick lesions,
although no prospectively randomized data support this practice.

CXR, chest x-ray; LDH, lactate dehydrogenase; RX, treatment.

TABLE 3 Recommended Melanoma 

Excision Margins

EXCISION 
LESION THICKNESS MARGIN WIDTH

Lesion of uncertain diagnosis 5 mm
Melanoma in situ 5 mm
Melanoma <0.8 mm 1 cm
Melanoma ≥0.8 mm to <4.0 mm 2 cm
Melanoma ≥4.0 mm 3 cm*
Locally recurrent melanoma 1 cm†

*The available data do not support excision margins larger than 2 cm
for thick melanomas.

†Authors’ recommendation.



48 —— Malignant Cutaneous Neoplasms

Several hours before surgery, the site of the
primary lesion is injected with technetium Tc 99m
filtered sulfur colloid in four divided doses. After
induction of anesthesia, 1 mL of vital blue dye is
injected intradermally at the site of the melanoma
to stain the afferent lymphatics and sentinel node
blue. The site is massaged manually for 20 minutes
before incising the skin overlying the sentinel lymph
node identified preoperatively by lymphoscintigra-
phy and confirmed intraoperatively with a hand-
held gamma detector. The sentinel lymph node is
identified by the appearance of blue stain in the
node or in the afferent lymphatics (or in both loca-
tions) and by detecting an enhanced gamma signal.
After the sentinel lymph node has been removed
from the field, no other evidence of blue dye should
be observed, nor should there be any significant
residual radioactivity (exceeding background)
detected with the gamma probe. The sentinel node
is submitted for rapid microscopic examination,
which may include touch preparation, frozen section
analysis, or rapid immunostaining (or any combina-
tion of the three). If no definitive evidence of
metastatic melanoma is noted, wide and deep exci-
sion of the lesion is performed and the procedure is
terminated. If micrometastases are confirmed in the
sentinel lymph node, formal (therapeutic) lym-
phadenectomy is performed at that time.

The sentinel lymph node is examined in detail
postoperatively. Patients with confirmed micro-
metastases in the final analysis routinely undergo
complete regional lymph node dissection as a second
procedure.

Patients with thick primary melanomas (>4 mm)
in the absence of clinical regional lymph node metas-
tases or radiographic evidence of distant disease are
still at high (50% to 75%) risk of having microscopic
nodal metastases and are also appropriate candi-
dates for intraoperative lymphatic mapping and
sentinel lymphadenectomy.

CLINICALLY POSITIVE REGIONAL LYMPH NODES.
Any palpable lymph node in a patient with
melanoma should be considered indicative of metas-
tasis until proved otherwise. Fine-needle aspiration
(FNA) biopsy is an accurate, reliable method of 
confirming metastatic melanoma. If FNA is not
readily available or if the results are indeterminate,
excisional biopsy is performed. Patients with
regional lymph node metastases are at high risk for
distant metastases and should therefore undergo
imaging, including CT of the chest, abdomen, and
pelvis and CT or MRI of the brain. FDG-PET is also
recommended for further evaluation of patients with
advanced melanoma. In patients with cytologically
or histologically proven regional nodal metastases,
complete lymph node dissection is performed. The
development of palpable lymph node metastases is
significantly correlated with substantially dimin-
ished survival (10% to 50%), which is strongly influ-
enced by the number of and extent to which the

lymph nodes are involved, as well the thickness of
the primary melanoma.

Regional lymph node dissection should not be 
performed routinely in patients with documented
distant metastases that are extensive or in patients
with large fixed lymph nodes. Significant palliation
of inoperable bulky or bleeding regional nodal
metastases may be achieved with radiation therapy.

Postoperative Follow-up

For patients undergoing wide excision of malignant
melanoma in situ, routine dermatologic surveillance
is sufficient. For patients with thin melanomas 
(<0.8 mm), inspection of the total cutaneous surface
as well as the surgical excision site and regional
lymph nodes is performed at 3- to 6-month intervals
for 2 years and at 6- to 12-month intervals there-
after. Chest x-ray and routine blood analysis are
performed on a yearly basis. Patients with inter-
mediate-thickness lesions (0.8 to <4.0 mm) should
have the same follow-up protocol at 3-month inter-
vals for 2 years and at 6-month intervals thereafter.
A chest x-ray and LDH assay are performed each
year, as are CT scans for 2 to 5 years after surgery.
FDG-PET scanning is another modality that may
have a role in screening high-risk patients for
metastatic disease. Systemic disease ultimately
develops in the majority of patients with thick
primary lesions (>4 mm), as well as those with
lymph node metastases. In these high-risk patients,
follow-up physical examination is performed at 3- to
6-month intervals for life, along with CT, MRI, or
PET scanning (or any combination of these imaging
modalities) on at least a yearly basis.

The risk for development of a second primary
melanoma necessitates that all patients, irrespec-
tive of lesion thickness, continue lifelong follow-up
with total cutaneous examination.

Treatment of Locally Recurrent
Malignant Melanoma

Local recurrence after adequate surgical excision 
in a patient with malignant melanoma is almost
always associated with the development of systemic
metastases. Survival is extremely poor, with rates
averaging less than 5% at 10 years. Primary
melanoma thickness remains the most significant
prognostic indicator of local recurrence and death;
other important predictive variables are the pres-
ence of ulceration and the anatomic location of the
primary lesion.

Local recurrence most often appears clinically as
a blue-tinged subcutaneous nodule arising in close
proximity (within 2 to 5 cm) to the excision site of a
primary melanoma (satellite metastasis) or en route
to the regional lymph node basin (in-transit metas-
tasis). Any subcutaneous nodule arising in the vicin-
ity of a melanoma excision site should be considered
to be disease recurrence or progression until proved
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otherwise. The diagnosis is accurately accomplished
with FNA. A complete metastatic survey, including
CT or MRI and FDG-PET scans, should be per-
formed because the majority of these patients will
also have evidence of systemic metastases.

Complete surgical resection with primary wound
closure is the most straightforward means of treat-
ing single recurrent lesions. Patients with multiple
subcutaneous metastases clustered within a defined
area can be treated by wide local excision with a skin
graft or flap closure. Resection margin widths have
not been as well defined in the resection of locally
recurrent disease as they have in the treatment of
primary cutaneous melanoma. However, recurrent
lesions should be resected with a margin of normal
tissue to avoid tumor spillage and wound contami-
nation. Despite complete surgical resection of cuta-
neous recurrence, subsequent local and regional
disease recurs in up to 67% of patients and is
strongly associated with disease progression. The
majority (70% to 82%) of such patients ultimately
succumb to distant metastases. Although systemic
chemotherapy in the adjuvant setting is rarely 
effective, systemic immunotherapy in the form of
interferon alfa-2b (Intron A) or a variety of experi-
mental melanoma vaccines may have a role in the
treatment of patients subsequent to complete surgi-
cal resection of locally recurrent melanoma. The
effectiveness of such modes of immunotherapy in
improving survival in these patients remains
unproven.

Selected Clinical Situations

SUBUNGUAL MELANOMA. Subungual melanoma
accounts for only 3% of cases of melanoma in the
white population but a higher proportion of
melanoma (15% to 35%) in dark-skinned ethnic
groups. More than 75% of subungual melanomas
involve either the great toe or the thumb. Early
signs of this lesion include darkening of the nail bed.
Dark pigmentation of the posterior nail fold, or
Hutchinson’s sign, is a classic sign of subungual
melanoma. Many patients with subungual
melanoma report a recent history of trauma to the
digit and attribute the lesion to a poorly healing
wound. The differential diagnosis of subungual
melanoma includes benign pigmented lesions of the
nail bed mechanism (melanonychia striata), chronic
bacterial and fungal infection, and subungual
hematoma.

Although nodular and amelanotic lesions do
occur, the majority of subungual hematomas appear
as a sharply demarcated blue-black to brown discol-
oration of the nail that does not involve the adjacent
cuticle. Formal biopsy of the nail bed is performed
under digital or regional anesthesia blockade. The
nail plate is elevated from the nail bed and removed
so that the lesion is clearly visualized. An elliptical
incision in the nail bed down to the underly-
ing periosteum is performed to allow complete 

excisional biopsy of the lesion, as well as primary
closure of the defect. Larger defects may be repaired
with a nail bed flap or skin graft. Generous inci-
sional biopsy through the central portion of pig-
mentation is performed for larger lesions not
amenable to simple excision.

Melanoma in situ of the nail bed is treated by
wide local excision. Negative surgical margins of at
least 5 mm are optimal. The surgical defect may be
repaired with a local skin flap or skin graft.

Invasive subungual melanomas of the lower
extremity are most easily treated by amputation of
the toe. The appropriate surgical resection margin
width of 1 or 2 cm for lesions with a thickness less
than 1.0 mm or 1.0 mm or greater, respectively, is
achieved by complete amputation of the affected toe.
Ray amputation may be necessary to treat thick
lesions extending into the web space. In the major-
ity of patients, the resulting surgical defect is easily
closed, without any need for a specialized prosthe-
sis or orthotic device. For upper extremity sub-
ungual invasive melanomas, surgical treatment is
more individualized. Amputation is performed
through the joint most proximal to the lesion.
Wound closure is achieved with a flap of volar tissue
while ideally maintaining a margin of at least 1 cm
of normal tissue.

Sentinel lymph node mapping and excision are
appropriately performed for patients with
melanomas approaching 0.8 mm or greater in thick-
ness in the absence of clinically palpable regional
nodes. This procedure is optimally performed prior
to amputation. Patients with palpable nodal metas-
tases in the absence of significant distant metas-
tases undergo formal regional lymphadenectomy.

PLANTAR MELANOMA. Melanoma arising on the
sole of the foot, characteristically in the acral lentig-
inous growth pattern, is a rare clinical entity in
white individuals and accounts for only 2% to 8% of
melanoma cases. However, in dark-skinned ethnic
groups, plantar lesions account for 35% to 90% of all
cases of melanoma.

These lesions are often diagnosed at later stages
and therefore generally have a less favorable prog-
nosis. The frequent delay in diagnosis may be
explained by their rarity, as well as by their infre-
quently examined location. In addition, the
increased thickness of the epidermis of the plantar
surface may distort the characteristic clinical
appearance of melanoma. A major pitfall in the early
diagnosis of this lesion is the failure to obtain a 
satisfactory biopsy specimen.

The preferred method of biopsy is complete 
excisional biopsy. Definitive wound closure may be
deferred until rapid histologic diagnosis and margin
inspection are complete. Once the diagnosis of
melanoma is confirmed, the lesion is excised and
staged according to the guidelines established for
other cutaneous primary melanomas of compar-
able thickness. Sentinel lymph node mapping and
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excision are recommended for patients with
melanomas approaching 0.8 mm in thickness in the
absence of clinically palpable regional nodes.
Patients with palpable nodal metastases and no
other evidence of distant metastases undergo super-
ficial inguinal lymph node dissection. Dissection of
the deep inguinal nodes is performed in patients
with involvement of Cloquet’s node or extensive
disease in the upper aspect of the femoral triangle.

Lesions confirmed to be melanoma on shave,
punch, or incisional biopsy that approach or exceed
0.8 mm in thickness may be treated definitively as
outlined earlier and do not require a preliminary
excisional biopsy procedure.

MELANOMA ON THE FACE. Patients with
melanomas on the face approaching 0.8 mm or
greater in thickness are at significant (at least 20%)
risk for occult micrometastases in the regional
lymph nodes. Although the anatomic location of the
primary melanoma in the head and neck predicts
the most likely site of regional nodal metastasis,
cutaneous lymphoscintigraphy has better delin-
eated the complex lymphatic drainage patterns
unique to this region. Accordingly, elective lymph
node dissection of the presumed sites of micro-
metastatic disease in the head and neck region has
been replaced by cutaneous lymphoscintigraphy 
and sentinel lymphadenectomy with the use of a
combination of intradermally injected vital blue dye
and a radiolabeled tracer substance such as tech-
netium sulfur colloid. Regional lymphadenectomy is
performed selectively in patients with histologically
documented micrometastases in the sentinel nodes.
Superficial parotidectomy with identification and
preservation of all facial nerve branches is recom-
mended for patients with micrometastases in the
periparotid nodes. Selective cervical lymph node 
dissection, based on precise localization of a positive
cervical sentinel node, has replaced modified radical
and formal radical neck dissection. Patients with
palpable lymph node metastases in the absence of
significant distant metastases should undergo
formal regional lymphadenectomy.

In a small but not insignificant number of
patients with melanoma of the face, preoperative
cutaneous lymphoscintigraphy reveals a widespread
pattern of lymphatic drainage from the primary
lesion to multiple sentinel nodes dispersed through-
out the head and neck region. Diagnostic accuracy
may decline and the risk of facial or spinal accessory
nerve injury (or both) rises as the complexity and
number of individual sentinel nodes to be identified
and excised increase. Therefore, it is reasonable to
forgo sentinel lymphadenectomy in individualized
circumstances when more than two sentinel node
sites are revealed by preoperative lymphoscintigra-
phy. The reasons for this decision, as well as the
risks and benefits of not identifying potential micro-
scopic regional nodal metastases, should be dis-
cussed with the patient and documented.

Basal Cell Carcinoma

Basal cell carcinoma, the most common cutaneous
malignancy, accounts for more than three quarters
of skin cancers in the United States and affects
nearly 800,000 people yearly. Although the incidence
of basal cell carcinoma has risen over the last
several decades, the average age at diagnosis has
steadily decreased. Chronic exposure to sunlight is
the principal factor in the development of basal cell
carcinoma. Lesions principally occur on sun-exposed
areas such as the face, scalp, ears, neck, shoulders,
and back. Other known etiologic factors include
exposure to ultraviolet light, chemical carcinogens
(arsenic and hydrocarbons), ionizing radiation, cig-
arette smoking, chronic skin irritation or ulceration,
and human papillomavirus. Immunocompromised
individuals are at increased risk for this tumor.

The lesions classically have raised borders
around a pearly central area with associated telang-
iectasia. The term rodent ulcer describes a particu-
larly ulcerative, nodular lesion. Basal cell carcinoma
may also appear more subtly as a scaly cutaneous
lesion with areas of atrophy or scarring associated
with chronic inflammation.

Basal cell carcinomas arise from the basal layer
of the epidermis and are further classified within
five histologic subtypes: nodular, micronodular,
superficial, infiltrating, and morpheaform. Histo-
logic subtyping aids in the clinical management of
these tumors. The infiltrating and morpheaform
subtypes often exhibit focal areas of invasion and
may be locally aggressive; they have the highest
rates of recurrence and positive margins. Nodular
and superficial tumors are more indolent lesions.

Definitive histologic diagnosis of basal cell carci-
noma may be achieved through a variety of simple
techniques such as shave or punch biopsy. Small
lesions may be excised completely at the time of
initial biopsy. However, larger lesions should be 
confirmed histologically before complete excision is
attempted.

Treatment of basal cell carcinoma involves com-
plete removal of the lesion to obtain clear histologic
margins by a variety of methods. Cryotherapy is
often used to ablate primary lesions smaller than 
2 cm in diameter. Although excellent results (greater
than 95% cure rate ) have been reported, hypo-
pigmentation, scarring, and local nerve injury may
occur. These techniques are appropriate for treat-
ment of the less aggressive subtypes, but they are
not recommended in patients with cryoglobulinemia
or in anatomic areas in which contracture of the scar
may create an unacceptable functional or cosmetic
result. Topical chemotherapy (5-fluorouracil), used
to treat less aggressive variants such as small
nodular and superficial lesions, is also effective in
the treatment of premalignant or borderline lesions.

Electrodessication, curettage, and Mohs’ micro-
graphic surgery may be used to treat lesions that
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are not well circumscribed, nodular lesions smaller
than 2 cm in diameter, and superficial lesions of any
size. The Mohs technique is particularly useful in
cosmetically sensitive areas such as the face. Defects
are closed after negative resection margins are con-
firmed histologically. Although cure rates in excess
of 90% may be expected, local recurrence has been
reported in up to 30% of patients with lesions
exceeding 3 cm in diameter.

Surgical excision of basal cell carcinoma results
in a cure rate greater than 95%. As with other forms
of treatment, the size, location, and histologic
subtype contribute to the overall prognosis. There is
no uniform recommendation regarding the optimal
width of surgical margins. A reasonable approach is
to obtain margins of at least 3 to 5 mm for small,
well-circumscribed lesions and 1-cm margins for
larger or more aggressive histologic variants of
basal cell carcinoma. 

For lesions of the face, especially those in critical
areas such as the nose, lips, eyelids, and ears, Mohs’
micrographic surgery is an excellent option. It has
cure rates of approximately 95% and is extremely
useful in morpheaform lesions. It allows maximal
preservation of uninvolved tissue and does not com-
promise the clearance of tumor. Other indications
include recurrent lesions or a history of irradiation. 

Regional lymph node dissection is performed only
in the setting of palpable nodal metastases posi-
tively confirmed preoperatively by FNA biopsy.
Intraoperative lymphatic mapping with sentinel
lymphadenectomy is possible technically but cannot
be recommended in the standard treatment of basal
cell carcinoma because of the extremely low inci-
dence of regional lymph node metastasis associated
with this tumor.

Radiotherapy may also be used to treat patients
with basal cell carcinoma, although overall cure
rates are usually suboptimal. However, radiother-
apy may be offered to treat large or aggressive
lesions in patients who are deemed to be poor sur-
gical candidates.

Squamous Cell Carcinoma

Squamous cell carcinoma currently accounts for
20% of the total number of skin cancers diagnosed
in the United States and affects approximately
200,000 Americans annually. Risk factors for squa-
mous cell carcinoma are similar to those associated
with the development of basal cell carcinoma, with
exposure to sunlight being the principal cause.

Primary cutaneous squamous cell carcinomas
arise from keratinocytes that migrate from the pro-
liferating basal layer of the skin and grow continu-
ally in an uncontrolled manner. Lesions typically
develop on exposed areas of the skin and appear as
a firm nodular plaque on an erythematous base with
raised borders. An area of central ulceration and

necrosis may be present. On histologic examination,
irregular nests of epidermal cells invade the dermis.
Lesions are graded histologically to reflect the
extent of cellular differentiation observed. Low-
grade, well-differentiated lesions demonstrate less
invasive growth patterns and are associated with an
excellent prognosis when compared with more
aggressive high-grade, poorly differentiated lesions.
Cutaneous squamous cell carcinoma metastasizes to
regional lymph nodes in approximately 2% to 5% of
patients. Patients with confirmed lymph node
metastases should be surveyed for more distant
sites of disease, including the brain, lungs, and
bones.

Marjolin’s ulcer describes a cutaneous squamous
cell carcinoma that arises in an area of chronic
inflammation, drainage, or scarring. These unusual
lesions are biologically aggressive and associated
with a 50% risk of metastasis.

The differential diagnosis includes a variety of
benign and premalignant lesions that clinically
resemble the appearance of squamous cell carci-
noma. Keratoacanthoma appears as a rapidly
growing nodular cutaneous lesion with rolled edges
and a debris-filled necrotic center. Although kera-
toacanthomas typically involute spontaneously after
a period, they may be extremely difficult to distin-
guish clinically from a poorly differentiated cuta-
neous neoplasm. Any suspicion of carcinoma should
promptly lead to an appropriate biopsy procedure.
Complete but conservative surgical excision is often
required to exclude malignancy from these lesions.
Actinic keratoses are more subtle lesions that may
also resemble squamous cell carcinoma in appear-
ance. These lesions require excisional biopsy or close
follow-up because the risk of squamous cell carcino-
mas arising from actinic keratoses approaches 20%.
Bowen’s disease defines lesions exhibiting the histo-
logic characteristics of squamous cell carcinoma in
situ. Because invasive squamous cell carcinoma
develops in up to 10% of these lesions, they also
require complete ablation and close surveillance.

Squamous cell carcinoma is generally treated
with curettage or electrodessication, Mohs’ tech-
nique, or simple surgical excision. Curettage is used
most successfully in the treatment of lesions less
than 2 cm in diameter with clear, well-defined
borders. The Mohs technique is most useful in chal-
lenging anatomic locations such as the face.

Surgical excision yields excellent results for
small, well-differentiated lesions. A resection
margin of 5 mm is generally adequate for small 
(<2 cm in diameter), well-differentiated squamous
cell cancers. Higher risk tumors, including poorly 
differentiated lesions, that are larger than 2 cm in
diameter or more than 4 mm thick or that demon-
strate histologic evidence of perineural invasion
require a surgical margin of at least 1 cm. Although
prophylactic or elective regional lymphadenectomy
is not recommended in patients with high-risk
lesions, lymphatic mapping with sentinel lymph
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node biopsy is currently being evaluated in these
patients, who are at risk for the development of
regional nodal micrometastases. Lymph node dis-
section is appropriate, however, in patients with 
palpable, biopsy-proven regional lymph node metas-
tases. Adjuvant radiation therapy may be offered to
patients after resection of bulky lymph node metas-
tases. In selected cases, radiotherapy may be used
to palliate patients who are poor candidates for
resection or those with extremely large, locally
advanced, unresectable lesions.
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The field of vascular anomalies is no longer obscured
by its own outdated nomenclature, a bewildering
admixture of descriptive and histologic words.
Nonetheless, terminologic confusion continues to be
responsible for imprecise diagnosis, illogical treat-
ment, and misdirected research.

Hemangiomas

Etiopathogenesis

Hemangioma of infancy is characterized by rapid
proliferation and slow involution, with phase-
specific expression patterns of angiogenesis-related
factors and inhibitors of blood vessel growth. There
is evidence that hemangiomas arise from clonal
expansion (a somatic mutation) of endothelial pre-
cursors that may originate in the fetus or possibly
in the placenta. Regression may be inherent in the
altered cell line or may be triggered by the tumor.

Histopathology

The proliferating phase (0 to 1 year) is typified by
endothelial hyperplasia and upregulation of angio-
genic peptides and enzymes involved in remodeling
the extracellular matrix. During the involuting
phase (1 to 7 years), there is downregulation of angio-
genesis, endothelial apoptosis, and accumulation of
mast cells (and other stromal cells). Involuted-phase
specimens (after 7 years) demonstrate mature, 
capillary-sized vessels (surrounded by multilami-
nated basement membranes) and a few residual
draining veins encased in fibrofatty tissue.

Diagnosis

Cutaneous hemangiomas occur in 4% to 10% of
white infants, with a 3:1 or higher preponderance of
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females. The tumor is usually solitary, but approxi-
mately 20% grow in multiple cutaneous sites. If five
or more lesions are present, there is an increased
likelihood of involvement of other organ systems,
especially the liver, gastrointestinal tract, and
brain. A third or more of hemangiomas are nascent
at birth as manifested by a pale spot, a telang-
iectatic or macular red stain, or a pseudo-ecchymotic
patch. Most hemangiomas appear at a median age
of 2 weeks; however, a deep tumor may not be seen
until the infant is approximately 3 to 4 months old.
A rare variant called congenital hemangioma
(defined as fully grown at birth) is a raised, bluish,
dome-shaped tumor, often with telangiectasia and a
pale rim. These prenatal (fetal) hemangiomas
behave differently; most regress rapidly, whereas
some do not regress at all.

Hemangioma grows rapidly until 6 to 8 months 
of age (proliferating phase). A superficial tumor
expands as the skin turns a vivid crimson color. A
deep hemangioma spreads in the lower dermis, sub-
cutis, and subcutaneous layer; the overlying skin is
slightly raised, warm, and bluish. There is also a flat,
telangiectatic form of hemangioma. Draining veins
often radiate from the tumor. Spontaneous crusting
and ulceration can occur, particularly in the lips, per-
ineum, lateral cheek, and intertriginous areas.

Hemangiomas grow in proportion during late
infancy; the first signs of the involuting phase
appear at approximately 1 year. Over the ensuing 5
years (involuting phase), the bright red color fades,
a patchy gray mantle forms, and the lesion is less
tense on palpation. There are few indicators that
accurately forecast the outcome of involution. The
rate of regression is unrelated to the appearance,
cutaneous depth, site, or size of the tumor. Regres-
sion usually ends and the last traces of color disap-
pear by 5 to 7 years (involuted phase). Nearly
normal skin is restored in an estimated 50% of
hemangiomas. In the other 50%, the skin is
damaged as evidenced by telangiectasia, crepe-like
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laxity (destruction of elastic fibers), and yellowish
discoloration or scarring (if ulceration occurred
during the proliferating phase). There is also a vari-
able underlying fibrofatty residual mass.

Radiographic Features

Imaging is sometimes needed to confirm the clinical
diagnosis of a vascular anomaly, but it is essential
that the radiologist have expertise in this field.

ULTRASONOGRAPHY. Ultrasonographic hallmarks
of a proliferating-phase hemangioma are a discrete
mass, solid parenchyma, and fast-flow vessels
within and adjacent to the tumor. Ultrasonography
is useful in differentiating a deep hemangioma from
a vascular malformation. However, even an experi-
enced ultrasonologist may have trouble distinguish-
ing a young hemangioma, especially a congenital
type, from an arteriovenous malformation (AVM)
because both exhibit rapid flow.

MAGNETIC RESONANCE IMAGING. A proliferat-
ing-phase hemangioma is characterized as a
parenchymous lesion of intermediate intensity on
T1-weighted magnetic resonance imaging (MRI) and
moderate hyperintensity on T2-weighted MRI. Flow
voids, indicative of high-flow vessels, are confirmed
by gradient-recalled echo sequences. There is dense,
homogeneous enhancement with gadolinium. Invo-
luting-phase hemangioma exhibits diminishing flow,
decreasing size and number of feeding/draining
vessels, and increasing lobularity with fat. An invo-
luted hemangioma is almost avascular on MRI.

Associated Malformative Anomalies

“Hemangioma” is often erroneously listed as being
associated with a particular syndrome, but these
vascular lesions are more likely to be malforma-
tions. Furthermore, because of the frequency of
hemangiomas, they sometimes coexist with, but
unrelated to, a syndrome. However, there are rare
clinical examples in which hemangiomas are associ-
ated with malformations. Cervicofacial hemangioma
can coexist with abnormalities of the eye (e.g.,
microphthalmos, congenital cataract, and optic
nerve hypoplasia), with persistent intracranial and
extracranial arteries, with a variety of abnormali-
ties of the great vessels and their branches, and with
cystic malformations of the posterior cranial fossa.
Midline thoracic anomalies, in a spectrum ranging
from a minor supraumbilical raphe to sternal
nonunion, can occur with hemangioma of the ante-
rior portion of the chest. Lumbosacral hemangioma
is one of several ectodermal lesions known to overlie
spinal dysraphism (e.g., lipomeningocele, tethered
cord, and diastematomyelia). An extensive telang-
iectatic hemangioma of the lower extremity and 
perineum can be accompanied by anogenitourinary
anomalies.

Differential Diagnosis

One must remember that “not all hemangiomas look
like strawberries” and “not all fruit-like lesions are
hemangiomas.” A deep hemangioma, particularly
when located in the cervical region or trunk, can be
confused with lymphatic or venous malformations.
Congenital hemangioma can often be mistaken for
a vascular malformation, particularly if major 
arteriovenous shunting is present. Telangiectatic
hemangioma imitates a capillary malformation. In
the lower limb, this macular form is often mani-
fested as perineal ulceration and can cause suffi-
cient direct arteriovenous flow to produce congestive
heart failure.

Kasabach-Merritt phenomenon (thrombocy-
topenic coagulopathy) is not associated with infan-
tile hemangioma. It is caused by other infantile
vascular tumors: kaposiform hemangioendothe-
lioma (KHE) and tufted angioma (TA). These tumors
have overlapping clinical and histologic features,
and it is likely that KHE and TA are part of a 
neoplastic spectrum. Unlike infantile hemangioma,
KHE and TA affect both sexes equally. They are
single, often extensive tumors that typically involve
the trunk, shoulder, thigh, or retroperitoneum.
Ecchymosis appears over and around the tumor
along with generalized petechiae. Thrombocytope-
nia is profound (typically, <10,000/mm3), fibrinogen
levels are low, D-dimers are increased, and the pro-
thrombin time and activated partial thromboplastin
time are variably, but minimally elevated. MRI dif-
ferentiates KHE and TA from common hemangioma;
biopsy is rarely necessary.

Infantile fibrosarcoma can masquerade as fetal
hemangioma when detected by prenatal ultrasonog-
raphy or when seen at birth. Congenital heman-
gioma of the rapidly involuting type presents as a
large, spherical firm mass with a predilection for the
extremities, chest, and head/neck area. The overly-
ing skin can be normal, but it is often tense with a
dark violaceous hue and ectatic veins. Moderate
thrombocytopenia and other hematologic findings
suggest minor consumptive coagulopathy. Congeni-
tal hemangioma can also cause cardiac overload.
Radiologic examination is usually diagnostic. Biopsy
of any neonatal vascular lesion is mandatory if there
is any suspicion of malignancy by history, physical
examination, or imaging.

Treatment

Most hemangiomas are small, harmless lesions that
complete their life cycle under the care of a pedia-
trician. The majority of these lesions leave normal
or slightly blemished skin. Other hemangiomas
should be treated because of either their size, rapid-
ity of growth, anatomic location, or associated com-
plications. Others cause cosmetic deformity, such as
irrevocably damaged skin, deformed cartilage, or
fibrofatty residuum. It is often difficult to predict the
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behavior of hemangioma in the early proliferating
phase.

Pain is often a problem with an ulcerated heman-
gioma. Topical viscous lidocaine is helpful but should
not be applied more than twice a day. Other reme-
dies include cleansing, topical antibiotic, or hydro-
colloid dressing. Some ulcerated hemangiomas
require more intensive care; débridement dressings
can be effective in some locations. Flashlamp-
pumped pulsed dye laser may accelerate healing but
may also exacerbate ulceration. Antiangiogenic
therapy is often included to control the tumor. None
of these therapies is predictable; an ulcerated
hemangioma often takes weeks to heal. Resection is
an alternative for a small ulcerated tumor that
responds slowly to topical treatment. Punctate
bleeding from hemangioma is rare but, if encoun-
tered, can be controlled by compression; on occasion,
a suture is needed.

Drug therapy is indicated if the hemangioma
causes destruction, distortion, or obstruction. For
example, ulceration can damage an eyebrow, eyelid,
nose, lip, cheek, or ear. A large hemangioma can
cause a mass effect on the nose or ear. Circumfer-
ential or localized subglottic tumor can obstruct the
airway. Periorbital hemangioma can block the visual
axis (causing obstructive amblyopia), infiltrate the
extraocular muscles (causing strabismus), or extend
into the retrobulbar space (causing ocular propto-
sis). A small hemangioma in the upper eyelid or
supraorbital area can distort the cornea and produce
astigmatic amblyopia. High-output cardiac failure is
a life-threatening complication with hepatic heman-
gioma, but can also occur with a large or extensive
cutaneous hemangioma.

Intralesional injection of corticosteroid should be
considered for a small hemangioma (1 to 2 cm in
diameter) located in the nasal tip, cheek, lip, or
eyelid. The goal is to control the size of the tumor
and minimize postinvolutional consequences. Tri-
amcinolone (3 to 5 mg/kg) is injected slowly at low
pressure with a 3-mL syringe and a 30-gauge
needle. Whenever feasible, the periphery of the
lesion should be compressed with the ring of a sur-
gical instrument to reduce the slight chance for
embolization of colloidal particles. Usually, three to
five injections given at 6-week intervals are
required. The response rate is similar to that for sys-
temic corticosteroid. Subcutaneous atrophy occurs
rarely, but is temporary. An ultrapotent topical cor-
ticosteroid can be used to treat a small, superficial
facial hemangioma.

First-line therapy for problematic hemangiomas
is systemic corticosteroids. Prednisolone is initiated
at a dosage of 2 to 3 mg/kg/day. In an acute situa-
tion, such as respiratory or visual obstruction, an
equivalent dose of intravenous corticosteroid can be
given. Tumor stabilization and regression can occur
within 1 to 2 weeks and is manifested by a dimin-
ished growth rate, fading color, and softening. At
this point, the corticosteroid therapy is tapered

slowly, usually every 2 to 4 weeks, and terminated
when the infant is approximately 10 months old. If
rebound growth occurs after discontinuation,
another short course of the drug can be given.

The overall response rate is 85%. Cushingoid
facies is expected in all infants, but it regresses as
the dose is lowered. Approximately 35% of infants
exhibit a diminished rate of gain in height and 25%
in weight. However, all children return to their pre-
treatment growth curves for height and weight by 1
to 2 years of age. Approximately 15% of infants grow
faster while undergoing therapy. Other serious com-
plications, such as infection, hypertension, myopa-
thy, and bone resorption, have not been observed
with the aforementioned corticosteroid regimen.

Recombinant interferon (IFN) alfa, 2a or 2b, is
considered second-line therapy for an endangering
or life-threatening hemangioma or hemangioen-
dothelioma. IFN is indicated for patients who fail to
respond to corticosteroid therapy, those with a con-
traindication to prolonged systemic corticosteroids,
patients with complications from corticosteroids, or
children whose parents refuse to agree to cortico-
steroid therapy. The dose of IFN is 2 to 3 million
U/m2 injected subcutaneously daily and given up to
10 months of age. The dose usually does not have to
be adjusted for the infant’s growth. The response
rate is 90%, even for tumors that failed cortico-
steroid treatment.

IFN causes low-grade fever during the initial
period of administration. Other transient toxicities
include elevation of hepatic transaminase levels,
neutropenia, and anemia. The most serious compli-
cation is spastic diplegia (incidence of up to 20%),
but it is usually reversible if detected early and IFN
therapy is discontinued.

IFN therapy is somewhat less successful for
KHE/TA with Kasabach-Merritt phenomenon.
Chemotherapeutic agents such as vincristine and
cyclophosphamide are effective alternatives. No
single drug regimen has proved to be consistently
effective. In the long term, these tumors persist
beneath the skin, usually remain asymptomatic,
and only rarely recrudesce.

Flashlamp-pumped pulsed dye laser can lighten
the color of a proliferating hemangioma. It pene-
trates only 0.75 to 1.2 mm into the skin. Over-
zealous photocoagulation may cause ulceration,
partial-thickness loss, scarring, and hypopigmenta-
tion. Laser is effective for telangiectases that persist
in the involuting/involuted phase. Intralesional pho-
tocoagulation with a bare fiber laser (Nd:YAG) can
produce rapid shrinkage of a proliferating heman-
gioma, but there is a risk of thermal ulceration, even
in the hands of an experienced operator.

The surgeon has a role in all three phases of the
life cycle. The conventional method is to excise the
tumor in a lenticular format with linear closure in
the axis of the relaxed cutaneous tension lines,
either as a single or staged procedure. This tech-
nique is effective in some anatomic locations (such
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as the lips and eyelids). Most hemangiomas,
however, are spherical, and lenticular excision (to
minimize “dog-ears”) can cause central tension that
will flatten a convex area, such as the cheek or fore-
head, or cause distortion of nearby structures.
Hemangioma acts as a tissue expander. For this
reason, circular excision and purse-string closure
should be considered. This technique acts in the lon-
gitudinal and transverse dimensions and converts a
circular lesion to a small ellipsoid scar. Thereafter,
excision can be either circular or lenticular. The
result is the smallest possible scar with minimal dis-
tortion of surrounding structures.

INFANCY. Excision of localized hemangioma in the
proliferative phase is indicated for painful ulcera-
tion, repeated bleeding, anatomic deformation, or a
pedunculated tumor. Another indication is a focal
tumor in the upper eyelid that is unresponsive to
pharmacologic therapy. The indications for resection
of a nonproblematic hemangioma are debatable. The
expected scar after early excision must be 
compared with that possible if excision were to be
postponed.

EARLY CHILDHOOD. Excision of an involuting
hemangioma is considered in the preschool period 
if (1) it is obvious that resection is inevitable (i.e., 
there is postulcerative scarring or irrevocably
expanded, inelastic skin or fibrofatty residuum), (2)
the scar would be the same were excision delayed
until the involuted phase, or (3) the scar is easily
hidden.

Resection of an involuting hemangioma involving
the nasal tip, eyelids, lips, or ears requires multi-
dimensional planning. If the excision is subtotal,
additional regression of the remaining hemangioma
must be taken into account.

LATE CHILDHOOD. The surgical strategy is usually
obvious after regression of the hemangioma is
nearly complete. The tumor often leaves behind
irrevocably expanded skin or fatty tissue, or both.
Resection may be possible in a single stage; however,
staged excision is usually indicated to minimize 
distortion and scarring. Uncommonly, destruction 
of an anatomic structure, such as the nose, eyelid,
or ear, necessitates more complex reconstructive
techniques.

Vascular Malformations

Etiopathogenesis

Vascular malformations arise as a result of faulty
embryonic development at some stage of vasculoge-
nesis (alignment of mesodermally derived endothe-
lial precursors to form primitive blood vessels) or
angiogenesis (formation of new blood vessels from

preexisting vasculature). Thus, vascular malforma-
tions are present at birth. Although most are seen
in the newborn nursery, others manifest without
warning in childhood and adulthood. Most vascular
malformations are sporadic (not familial) and their
cause is unknown. Some are inherited in a
mendelian autosomal dominant pattern, and the
causative genes are known. Other vascular anom-
alies probably arise by somatic mutation. Molecular
studies suggest that vascular malformations are
caused by abnormal signaling processes that regu-
late cellular proliferation and apoptosis, differentia-
tion, maturation, and adhesion.

Histopathology

A capillary malformation (CM) consists of dilated
capillary- to venular-sized vessels in the superficial
dermis. The nerves in the vessel walls are deficient,
which probably explains the gradual darkening in
color and nodular ectasia that occur with age. A lym-
phatic malformation (LM) displays a wide spectrum
of findings from microcystic to macrocystic channels
containing eosinophilic, protein-rich fluid. The
vessel walls are of variable thickness and composed
of abnormally formed smooth and skeletal muscular
elements and scattered collections of lymphocytes. A
venous malformation (VM) is a sponge-like anomaly
with thin-walled, dilated channels lined by flat,
mature endothelium. The muscular layer is thin and
the cells are arranged in clumps rather than in the
normal circular architecture. There is often evidence
of clot formation, as well as various stages of cellu-
lar aggregation, fibrovascular ingrowth, and pathog-
nomonic phleboliths. A subtype of venous anomaly
called glomuvenous malformation (“glomangioma”)
is distinguished by rounded (glomus) cells scattered
in the distended walls. An arteriovenous malforma-
tion (AVM) is characterized by thick-walled dysmor-
phic arteries of variable caliber with a disrupted
internal elastic lamina and disorganized smooth
muscle layers. The abnormal veins exhibit progres-
sive reactive hypertrophy of the smooth muscle
layer with subsequent replacement by collagen,
which results in thin, fibrotic, inelastic channels.

The endothelial lining in the various vascular
malformations is usually quiescent. However,
endothelial hyperplasia may be seen after injury,
embolization, sclerotherapy, or attempted surgical
resection.

Capillary Malformation

A CM is manifested at birth as a macular, pink to
red cutaneous stain that blanches with pressure. It
should not be confused with nevus flammeus neona-
torum (“stork bite” or “angel kiss”), a common vas-
cular birthmark on the upper part of the face and
posterior aspect of the neck that usually fades by 1
year of age. Alhough most commonly located on the
face, CMs can occur anywhere in the body and may
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be associated with hypertrophy of soft tissue and
underlying bone. In the face, there is often gradual
enlargement of the affected cheek, lip, and gums,
along with maxillary or mandibular overgrowth.

Sturge-Weber syndrome is characterized by uni-
lateral/bilateral CMs located in the ophthalmic (V1)
dermatome or extending into the maxillary (V2)
division, often with gradual hypertrophy of soft
tissue and underlying bone. Capillary staining (and
hypertrophy) can also occur in other regions of 
the body. MRI (with gadolinium enhancement) is
necessary to document vascular anomalies of the
leptomeninges and choroid plexus. Biannual fun-
duscopic examination and tonometry are essential
because a child with a choroidal vascular malfor-
mation (“tomato catsup” fundus) is at risk for retinal
detachment, glaucoma, and blindness.

CM of a limb can be associated with hypertrophy
(both in length and girth) and is either an isolated
finding or occurs in combination with deeper vascu-
lar anomalies. Klippel-Trenaunay syndrome is a 
capillary-lymphatic-venous malformation involving
one or more limbs and occasionally the thorax. CMs
are multiple, sometimes contiguous, and occur in a
geographic pattern over the lateral side of the
extremity, buttock, or thorax (or any combination 
of these locations). CM is macular in a newborn, 
but hemolymphatic vesicles usually erupt later in
the stained area. The embryonal lateral vein (of
Servelle) is a pathognomonic feature in the lower
extremity and may be associated with deep venous
anomalies. Lymphatic hypoplasia is found in more
than half of patients and manifests as lymphedema
or macrocystic/microcystic anomalies. Hypertrophy
is obvious at birth, and axial overgrowth can be pro-
gressive. These patients are at risk for cellulitis,
thrombophlebitis, and thromboembolism.

Parkes Weber syndrome is characterized by a 
geographic pink macular stain in a congenitally
enlarged upper or lower extremity in association
with multiple microscopic arteriovenous fistulas of
the skin and muscle. Detection of a bruit or thrill
confirms the diagnosis. On occasion, lymphatic
anomalies are also present.

CM can signal an underlying abnormality. CM in
the midline scalp region may cover an encephalocele
or ectopic meninges. CM over the cervical or lum-
bosacral spine can be a clue to occult spinal dys-
raphism or a spinal AVM (Cobb’s syndrome) in the
thoracolumbar region. An isolated CM is not well
visualized by MRI; however, imaging is indicated if
there is suspicion of a deep abnormality or an
obvious combined (eponymous) vascular anomaly.

TREATMENT. Tunable flashlamp-pumped pulsed
dye laser is used for selective photothermolysis of
CM. Some reports suggest better results if treat-
ment begins in infancy; other authors state that age
makes no difference after 1 year. In general, obvious
lightening occurs in approximately 70% of patients.
The results are better in the lateral aspect of the

face than in the central region and less predictable
in the trunk and extremities. Laser therapy usually
requires serial sessions.

Facial soft tissue and skeletal hypertrophy can 
be improved. Small fibrovascular nodules are easily
excised. If photocoagulation fails, hypertrophied
facial areas can be resected in aesthetic units and
resurfaced with skin grafts or flaps. Contour resec-
tion for labial hypertrophy and macrocheilia is effec-
tive. Maxillary hypertrophy can be diminished by
osseous burring. Orthognathic surgical correction
may be indicated for occlusal canting caused by
maxillary overgrowth or for mandibular prog-
nathism. Selected orthopedic procedures are used
for overgrowth in the lower limbs, often in conjunc-
tion with ablation of hypertrophied soft tissue.

Lymphatic Malformation

Macrocystic LM can be diagnosed by prenatal ultra-
sonography in the late first to early second
trimester. LM should not be confused with posterior
nuchal translucency, a fetal finding during the first
and early second trimester associated with aneu-
ploidy and a guarded prognosis. Bilateral cervicofa-
cial LM can compromise the airway. Cesarean
delivery may be indicated, and the airway should 
be assessed before the umbilical cord is clamped. 
If laryngeal LM precludes neonatal intubation, tra-
cheostomy can be performed under controlled 
circumstances (EXIT procedure).

Most LMs are apparent at birth, whereas others
become evident by 2 years; however, LM can appear
suddenly in childhood, adolescence, or adulthood.
LM is most commonly located, in order of frequency,
in the cervicofacial region, axilla/chest/medi-
astinum, retroperitoneum, buttock, and anogenital
area. The overlying skin has a normal or a bluish
hue. Macrocystic LM is soft whereas microcystic 
LM is firm-hard. There is often an associated 
capillary stain or melanocytic nevus of the skin.
Tiny dermal or submucosal vesicles are telltale
signs; they can become dark red and firm nodules as
a result of intravesicular bleeding. LM of the trunk
and extremities is often accompanied by fatty 
hypertrophy.

LMs occur in recognizable patterns as a result of
variable combinations of microcystic and macrocys-
tic elements. LM in the forehead and periorbital
tissues causes swelling of the supraorbital area and
upper eyelid, usually with intraorbital involvement
and proptosis. Facial LM causes unilateral or bilat-
eral hypertrophy, macrocheilia, and macrotia. LM in
the floor of the mouth and tongue causes macroglos-
sia with dorsal, dark-stained vesicles. Cervicofacial
LM is associated with overgrowth of the mandibu-
lar body and results in an anterior open bite and
anterior crossbite. Cervical LM often involves the
supraglottic airway and mediastinum. LM of the
chest wall usually extends into the axilla. LM in an
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extremity causes diffuse or localized swelling or
gigantism of both soft tissues and skeleton.

LM is best assessed by MRI with contrast; ultra-
sonography confirms macrocystic LM. Gadolinium
often shows “rim enhancement” in the walls of large
cysts and septa on T1-weighted sequences. Because
of their high water content, LMs (like VMs) are
hyperintense on T2-weighted sequences. Fluid
levels caused by protein or old blood are often seen
in macrocysts. Large or anomalous venous channels
(or both) may be present.

TREATMENT. Sudden enlargement of an LM is
caused by either intralesional bleeding or cellulitis.

Medication for pain, rest, and the passage of time
are required after intralesional bleeding; in addi-
tion, preventive antibiotics should be considered.
LM commonly swells with viral infection, and 
bacterial infection is sometimes difficult to treat.
Prompt administration of an oral antibiotic can be
successful; otherwise, the intravenous route is 
necessary. Antibiotic therapy is often necessary for
6 to 8 weeks.

Sclerotherapy and surgical resection are also
used for the treatment of LM. Injection of sclerosant
is successful only for macrocystic LM. Commonly
used agents include absolute ethanol, sodium
tetradecyl sulfate, doxycycline, and OK-432 (derived
from a killed strain of group A Streptococcus pyo-
genes). Excision is usually staged and incomplete,
but total resection is possible in rare cases. For each
procedure, the surgeon should (1) focus on a defined
anatomic region, (2) limit blood loss to less than the
patient’s blood volume, (3) perform as complete a
resection as possible while preserving vital struc-
tures, and (4) be prepared to operate for as long as
necessary. Postoperative complications include
hematoma/seroma (and the need for prolonged
suction) and cellulitis. Lymphatic regeneration and
reexpansion are responsible for postoperative recur-
rence. Dermal LM (old term, “lymphangioma cir-
cumscriptum”) must be widely resected; frequently,
the defect requires primary closure with a skin graft
or flap.

Venous Malformation

Although venous anomalies are present at birth,
they do not usually manifest until later. VM grows
in proportion to the child and frequently expands
during puberty. VM is bluish and compressible; it
can, however, be firm (and painful) as a result of
intralesional clotting. Patients often complain of
pain and stiffness in the affected area, especially 
on awakening in the morning. VM occurs in many
forms, from localized to extensive lesions that per-
meate normal tissue planes. Most VMs are solitary,
but multiple cutaneous and visceral lesions do 
occur and should raise the possibility of autoso-
mal dominant inheritance, for example, glomu-
venous malformation (or “multiple glomangioma”),

cutaneous-mucosal VM, or cerebral-cavernous VM.
The causative genes are known for all these disor-
ders. Blue rubber bleb nevus syndrome may also be
genetic. It is characterized by multiple dome-shaped
cutaneous lesions (often on the palms and plantar
surfaces) in association with chronic bleeding from
intestinal VMs.

MRI is the most rewarding radiographic tech-
nique. VM is hyperintense on T2-weighted
sequences and differs from LM by enhancement of
the contents of the vascular spaces on T1-weighted
images. Phleboliths or thrombi are seen as signal
voids on all MRI sequences. Direct phlebography is
needed for more detailed assessment if interven-
tional therapy is planned.

Stagnant flow can cause localized intravascular
coagulopathy. Therefore, a coagulation profile is
needed for any patient with an extensive VM (or VM
combined with LM), particularly if there is a history
of easy bruising or bleeding during operations.

TREATMENT. Indications for intervention are
abnormal swelling or color, pain, or functional prob-
lems. Sclerotherapy is the primary modality. Small
cutaneous or mucosal VMs can be injected with a
mild sclerosant, such as 1% sodium tetradecyl
sulfate or ethanolamine oleate. Large VMs require
formal sclerotherapy by an experienced interven-
tional radiologist performed under general anesthe-
sia with real-time fluoroscopic monitoring. Absolute
ethanol is widely used. Local complications include
blistering, full-thickness cutaneous necrosis, and
damage to local nerves. Feared systemic complica-
tions are cardiac arrest and hemolysis causing renal
damage. Several sessions are usually needed
because VMs have a perverse propensity for recanal-
ization (recurrence).

Surgical resection is generally best scheduled
several weeks after completion of sclerotherapy.
Indications for primary excision include VM near
critical nerves (in which case alcohol should not 
be used), VM with thrombus, VM involving the 
palm and digits, or a small, focal, cutaneous or
mucosal VM.

Custom-made elastic support garments are an
indispensable aid for a patient with VM in a limb.
Low-dose aspirin (81 mg every day or every other
day) minimizes painful phlebothromboses. Pre-
operative control of intravascular coagulopathy by
heparin may be indicated.

Arteriovenous Malformation

An AVM is often ignored as being only an innocent
vascular birthmark. Evolution is unpredictable and
is documented by the Schobinger clinical staging
system: stage I (quiescence): pink stain, warmth;
stage II (expansion): same as stage I, plus enlarge-
ment, pulsations, thrills, and tortuous/tense veins;
stage III (destruction): same as stage II, plus either
dystrophic cutaneous changes, ulceration, bleeding,
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or persistent pain; stage IV: same as stage III, plus
cardiac failure. Expansion may be triggered by
puberty, pregnancy, trauma, or attempted interven-
tion. Clinical diagnosis is confirmed by ultrasonog-
raphy and duplex Doppler examination. MRI and
magnetic resonance angiography document the
extent of this fast-flow anomaly. Superselective
angiography is not usually indicated until interven-
tion is planned.

TREATMENT. In rare instances, prompt emboliza-
tion is needed to control cardiac failure in a newborn
with AVM. Stage I AVM should be monitored annu-
ally throughout childhood and adolescence. Resec-
tion in stage I is considered if it can be easily
accomplished without causing major deformity.
Intervention is withheld until symptoms or endan-
gering signs are present, such as progression beyond
stage I. There is no indication for proximal ligation
or embolization of feeding vessels, which causes only
rapid recruitment of flow from nearby arteries to
supply the nidus and denies access for future
embolization.

Superselective arterial embolization or scle-
rotherapy (direct puncture of the nidus on the
venous side) is indicated to control pain, bleeding,
or cardiac overload. Cure is possible for AVMs with
macrofistulas. Complete resection can be curative
but is not always possible. Preoperative emboliza-
tion or sclerotherapy (or both) minimizes intraoper-
ative bleeding but does not diminish the extent of
resection. The nidus of the AVM and surrounding
tissue must be widely excised, but unaffected over-
lying skin can often be preserved. Observation of 
the type of bleeding at the margins of resection is
the most accurate way to assess the adequacy of
removal. The wound is closed primarily with local
tissue or a microvascular free flap. If there is any
question about the margins of excision, one can 
consider temporary coverage with a split-thickness
skin graft.

The outcome of combined embolization/surgical
resection is better with localized stage I or stage II

AVM. Patients must be examined yearly by ultra-
sonography or MRI as indicated. Recurrence can
take place many years after embolization and resec-
tion. Unfortunately, some AVMs involve an entire
anatomic region and permeate deep craniofacial
tissues or the soft and skeletal tissues in an extrem-
ity. In these patients, embolization/sclerotherapy is
usually only palliative.

Pearls and Pitfalls

• No single specialist has sufficient knowledge to
treat the wide variety of vascular anomalies;
patients should be evaluated only at interdis-
ciplinary centers for vascular anomalies. In
this setting, specialists can establish the diag-
nosis, exchange knowledge, agree on manage-
ment, and assess outcomes.

• Incorrect diagnosis usually leads to inappro-
priate therapy.

• Words for vascular anomalies cover the trap
into which an unsuspecting clinician can fall.
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Keloids and hypertrophic scars are abnormal tissue
responses to wounding and result in significant 
cosmetic and functional deformity. Although early
keloids and hypertrophic scars appear clinically
similar, keloids eventually grow beyond the confines
of the initial wound. Hypertrophic scars appear
within 4 weeks after trauma, whereas keloids may
not appear until 3 months and occasionally up to
several years after injury. Hypertrophic scars
usually undergo at least partial spontaneous reso-
lution with time and are often associated with con-
tractures of healing tissues. Most hypertrophic scars
do not recur after appropriate surgical treatment,
whereas keloids tend to recur. Table 1 summarizes
the differences between hypertrophic and keloid
scars.

Etiopathogenesis

Humans are the only species in which hypertrophic
scars and keloids develop. There is no gender preva-
lence. The incidence is highest in patients with
darker complexions, and lesions occur most com-
monly in the second decade. Although keloids have
been reported to affect all ethnic groups (except
albinos), African American, Hispanic, and Asian
individuals are more susceptible. Both keloids and
hypertrophic scars occur more frequently in 
wounds closed under tension. Anatomic areas that
have high intrinsic skin tension, such as the deltoid
region, sternum, and upper part of the back, are
especially vulnerable to keloid and hypertrophic
scar formation (Figs. 1 and 2). Other traumatized
areas not associated with a significant degree of skin
tension can also have a predisposition for keloid for-
mation, such as the earlobes (Fig. 3).

Hypertrophic Scars 
and Keloids

GLORIA A. CHIN
BRUCE A. MAST

Other correlative associations have been reported
in patients with keloids, for example, associations
with the immune system, hormonal influences,
blood type, and HLA proteins, but the role these play
remains uncertain. Both autosomal recessive and
dominant transmission has been reported in fami-
lies with a propensity to form keloids. Finally, hor-
mones may influence keloid formation because
keloids often appear in puberty, enlarge during preg-
nancy, and resolve after menopause.

Although the pathogenetic/pathophysiologic
mechanism responsible for hypertrophic scars and
keloids remains unknown, there has been consider-
able research on the biochemical differences
between hypertrophic scars, keloids, and normal
scars. Differences are observed at each stage of
wound healing and are reflected in the cellular 
composition, synthesis and degradation of the 
extracellular matrix, and growth factor and 
proinflammatory cytokine profiles. For example,
decreased levels of interleukin-1 (IL-1), as observed
in patients with keloid scars, correlate with the
extent of the deformity. IL-1 stimulates the release
of matrix metalloproteinases and synergistically
induces collagenase activity in conjunction with
release of interferon-g (IFN-g) and tumor necrosis
factor-a (TNF-a) from inflammatory cells, thereby
resulting in degradation of the extracellular matrix.
A decrease in IL-1 production may result in extra-
cellular matrix accumulation and excessive scar for-
mation at the site of injury. In addition, reduced
interferon levels have been demonstrated in keloids.
These mediators cause downregulation of collagen
synthesis and upregulation of collagenase activity,
such that a reduction in interferons could lead 
to elevated collagen accumulation. Collagenase
inhibitors, such as a1-antitrypsin and a2-macroglob-
ulin, are also present at higher levels in keloids.
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Patients with keloids have a higher frequency of
allergic symptoms than do individuals with hyper-
trophic scars. Mast cells, interspersed among
dermal collagen bundles, are found in higher
numbers in hypertrophic scars than in normal scar
tissue. They have cytoplasmic granules that contain
histamine, heparin, serotonin, acid hydrolase
chymase, and several growth factors, most of which
are involved in dermal matrix production. Hista-
mine is capable of enhancing the formation of colla-
gen by fibroblasts in vivo, and its levels are elevated
in keloid tissue. Furthermore, the excess of mast
cells and their mediators may account for the
increased pruritus present in hypertrophic scars.
Other cellular differences include increased quanti-
ties of macrophages, elevated density and activity of
fibroblasts, and increased neovascularization. In
addition, growth factor activity is probably different
in keloids than in normal scar, and moreover, the
cellular response to many growth factors appears to
be exaggerated in keloids.

Diagnosis

The diagnosis of hypertrophic scars and keloids
remains a clinical one, and no specific studies are
needed. Hypertrophic scars and keloids can be 

differentiated by their time of onset and growth
within or beyond the boundaries of the initial insult.
Overall, evaluation over time is the best method of
differentiation.

Treatment

Molecular characterization of hypertrophic and
keloid scars has progressed significantly over the

TABLE 1 Differences between Hypertrophic and Keloid Scars

HYPERTROPHIC SCARS KELOID SCARS

Appearance after injury Within 4 weeks after trauma Months to years
Resolution over time At least partial resolution Rarely resolves
Associated with contractures Yes No
Boundary Limited boundary Overgrows boundary
Occurs in areas of motion Yes No
Areas of high predilection Flexor surfaces, joints Sternum, earlobes
Surgical result Improves with surgery Frequently worsened by surgery

Figure 1 • Keloids of the sternum after local trauma.
Figure 2 • Hypertrophic scar of the sternum after cardiac
surgery.
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Pressure Therapy

Although the precise mechanism of pressure
therapy is imperfectly understood, success rates of
60% to 85% for at least partial reduction of hyper-
trophic and keloid scars have been reported. The
pressure exerted should be at least 24 mm Hg to
exceed inherent capillary pressure, but it must be
lower than 30 mm Hg to avoid interruption of the
peripheral circulation. Maintaining the pressure 
for a period of several months to 2 years has been
reported to resolve hypertrophic scars permanently.
It is thought that pressure causes ischemia,
decreases tissue metabolism, and increases collage-
nase activity within the wound.

Pressure is most effective in hypertrophic scars
with the use of specialized garments or devices.
Pressure devices are most commonly used in combi-
nation with sponges, plastic plates, or silicone gels/
sheets to increase the pressure level and provide a
better fit with the scar. To achieve the maximum
benefit, the pressure garments must be worn 18 to
24 hours a day for at least 4 to 6 months because
early release of the garments tends to be followed by
rebound hypertrophy. Pressure clip-on earrings, for
example, are effective in smaller earlobe keloids, in
conjunction with postexcision care.

Intralesional Corticosteroids

Hypertrophic and keloid scars can be treated with
intralesional injections of corticosteroids alone or in
combination with other therapies to control local
discomfort and flatten scars. Steroids are thought to
decrease collagen and glycosaminoglycan synthesis,
reduce inflammation, and diminish fibroblast and
growth factor involvement during wound healing.

The effectiveness of intralesional corticosteroid
administration is highly variable, with response
rates ranging from 50% to 100% and recurrence
rates of 9% to 50%. Corticosteroids are less effective
in older scars and keloids; they can only soften and
partially flatten the scar and provide symptomatic
relief.

Most injections are given intralesionally, although
some authors prefer sublesional injections. Steroid
preparations used include hydrocortisone acetate,
methylprednisolone (Depo-Medrol), dexamethasone,
and triamcinolone acetate, of which triamcinolone
(Kenacort) is most commonly used. The steroids can
be mixed with lidocaine to reduce pain with the
injections. No clear advantage has been demon-
strated for any particular type of corticosteroid. The
dosage and administration should be adjusted to suit
the individual patient. The initial concentration of
triamcinolone acetonide ranges from 10 to 40 mg/
mL, depending on the amount of scar formation, the
area of the body, and the individual patient. Usually,
two or three injections are sufficient, although injec-
tions for 6 months or longer are occasionally
required, depending on the type of scar.

past several years, particularly as biochemical and
molecular biologic assays have become increasingly
refined and readily available. This advance has
broadened the approach to the development of 
different therapies. Current therapeutic options are
based on one of the following concepts: (1) manipu-
lation of the mechanical properties of wound repair,
(2) correction of the abnormal balance of collagen
synthesis and degradation, and (3) alteration of 
the immune/inflammatory response. Unfortunately,
confusion in the classification of hypertrophic scars
and keloids has resulted in contradictory and equiv-
ocal data. In addition, confounding variables such as
the age of the scar and previous treatments are often
not discussed. Moreover, follow-up periods are not
uniform between studies, thus rendering evaluation
and comparison of protocols extremely difficult.
Most recurrences develop within the first year after
surgery, although recurrence can take place 2 or
more years postoperatively. With this in mind, the
following is a summary of current therapeutic
options.

Figure 3 • Earlobe keloid after piercing.
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Adverse effects of corticosteroid injections include
skin atrophy, hypopigmentation or depigmentation,
telangiectasia, necrosis, ulceration, and cushingoid
features. The risk of complications increases when
corticosteroids are injected into the surrounding
dermis or subcutaneous tissue.

Steroid injections are likely most useful in control-
ling local symptoms such as urticaria and burning/
pain. When used in combination with intralesional
excision, a 50% recurrence rate can be expected and
should be quoted to patients before surgery.

Silicone Gel and Other Dressings

Studies on the application of silicone material to
hypertrophic and keloid scars have generally
reported a decrease in the scar’s volume and an
increase in elasticity in 60% to 100% of cases. Some
authors have indicated that the use of silicone mate-
rial after surgical resection can prevent the forma-
tion of hypertrophic scars and keloids in 75% to 85%
of patients.

The silicone material is worn continuously for at
least 3 months to prevent rebound hypertrophy. The
mode of action of silicone materials is still unknown
but does not appear to be solely due to pressure.
Occlusion and hydration, a difference in oxygen
tension or temperature, silicone leakage into the
dermis, or electrostatic charges may be the princi-
pal modes of action of silicone gel sheet treatment.

Topical silicone treatment is most effective for
hypertrophic scars. However, the need for at least
18 hours of daily scar coverage for up to 3 months
makes this therapy cumbersome and difficult.
Liquid silicone applications with tissue adhesives
are becoming available and may make this treat-
ment modality more useful, although data on their
effectiveness have not been demonstrated.

Surgery

Recurrence rates after simple surgical excision of
keloids vary from 50% to 80%. Several surgical
approaches have been developed in an attempt to
minimize recurrence, including reduction of wound
tension through tissue reorientation and retention
of a rim of keloid tissue to serve as a splint and
thereby avoid new tissue trauma (intralesional exci-
sion). Excision and skin grafting have been advo-
cated for large keloids. However, this approach
seems counterintuitive because of the baseline
fibrotic healing involved with skin grafts; the donor
site is also a potential keloid. Another alternative is
tissue expansion of adjacent normal tissue, followed
by keloid excision and tension-free closure with the
expanded flaps.

Radiation

Radiation alone does not produce marked regression
of keloids. Most studies have shown that surgery fol-

lowed by irradiation has a higher success rate than
irradiation alone does. The most important factor
appears to be the total dose of radiation rather than
the radiation time or fraction. Radiation doses of at
least 1500 cGy are sufficient to control 90% of keloid
scars without requiring reexcision. The mechanism
of action is destruction of sufficient cells so that a
balance is created between collagen formation and
breakdown in keloids. Radiation is purported to
affect extracellular matrix gene expression and
damage connective tissue stem cells. Side effects of
irradiation included hyperpigmentation, localized
pruritus, paresthesias, and pain.

Concern over the use of a potentially carcinogenic
treatment such as radiation for a benign condition,
as well as possible growth interference in children
after irradiation, has relegated the use of radiation
solely to keloids resistant to all other treatment
modalities.

Pulsed Dye Laser

In a study of 16 patients with median sternotomy
scars (either keloidal or hypertrophic), the 585-nm
flashlamp-pumped pulsed dye laser was used, and
pruritus, erythema, scar height, and scar surface
texture were significantly improved. The flashlamp-
pumped pulsed dye laser acts through selective pho-
tothermolysis by hemoglobin light absorption. This
phenomenon leads to local heating of cutaneous
blood vessels, which causes tissue ischemia and col-
lagen breakdown. Presently, the CO2 and Nd:YAG
lasers are not used in the treatment of keloids or
hypertrophic scars.

Cryotherapy

The rationale for the use of cryotherapy is a reduc-
tion in excessive scar bulk through ischemic damage
and necrosis. Cryotherapy is used alone and in com-
bination with other agents to treat keloids and is
associated with amelioration of symptoms related to
hypertrophic scars and keloids, as well as flattening
of the scar. Scars of shorter duration have better
responses. Cryotherapy is not a first-line therapy
because of its side effects, which include hypopig-
mentation or hyperpigmentation (particularly in
patients with a darker complexion), pain, edema,
wound infection, hypoesthesia, milia formation, and
skin atrophy.

Interferon and Other Medications

The lack of well-designed, evidence-based studies on
the long-term effectiveness of INF-a or INF-g, either
as monotherapy or as combination therapy, does not
permit definitive conclusions regarding the effec-
tiveness of this method.

Topical retinoids (vitamin A derivatives), vitamin
E, 5-fluorouracil, and bleomycin have been evalu-
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ated in the treatment of keloids and hypertrophic
scars. However, because of inconclusive and con-
flicting data, as well as poorly designed and incom-
plete studies, no meaningful demonstration of
effectiveness has been provided.

Imiquimod

Imiquimod, the first member of the new class of
immune response modifiers, stimulates innate and
cell-mediated immune pathways and thereby
results in potent antiviral, antitumor, and
immunoregulatory properties. Imiquimod 5%
cream, currently approved for the treatment of
genital and perianal warts, has shown promise as
an adjunctive treatment of keloids. It acts through
the induction, synthesis, and release of cytokines
such as IL-12, TNF-a, and IFN-a, particularly its
induction of local levels of the latter.

After the surgical excision of keloids with primary
closure, the application of imiquimod 5% cream
directly to the suture line and the surrounding
tissue each day for a total of 8 weeks led to no recur-
rences in preliminary studies. Although future
studies with longer follow-up periods and compari-
son with other treatment modalities such as triam-
cinolone and radiation treatment after excision are
warranted, it appears that topical application of
imiquimod 5% cream is safe and effective in mini-
mizing keloid recurrence after surgical excision.

Even though many therapeutic options for hyper-
trophic and keloid scars are available, the long-term
efficacy of most remains to be determined. Con-
trolled studies with adequate follow-up periods are
needed to compare different treatment modalities as
either single or combination therapy. A practical
treatment approach to hypertrophic and keloid scars
is to determine first whether the main treatment

Extent of keloidal 
process and/or hypertrophic scar

Extensive (i.e., burn or acne scars)

Selected lesions Excise and/or 
debulk tissue

Excision
� intralesional
corticosteroids
� irradiation
� pressure

Intralesional corticosteroids
� irradiation
� pressure

� silicone sheeting

Pulsed dye laser

Limited

Large or bulky keloid

Selected lesions
Selected lesions

� pulsed dye laser
� pulsed dye laser

Small keloid or 
hypertrophic scar

EarlobeNon- 
earlobe

Pressure dressing
and/or silicone sheeting

Figure 4 • Treatment algorithm for hypertrophic and keloid scars. (Modified from Urioste SS, Arndt KA, Dover JS:
Keloids and hypertrophic scars: Review and treatment strategies. Semin Cutan Med Surg 18:159-171, 1999.)
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• Steroid injections most often have a beneficial
effect in relieving pruritis and pain symptoms.

• Surgery alone should be avoided. It is most
useful when combined with adjunctive 
treatments including pressure, steroids, or
irradiation.
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goal is symptom relief or elimination of the scar and
reduction of recurrence. Intralesional corticosteroids
are effective in the treatment of pruritus and the
associated burning sensation. Most hypertrophic
and keloid scars treated by surgical excision also
undergo combination therapy to reduce recurrences.
A current practical approach to the management of
hypertrophic and keloid scars is illustrated in
Figure 4.

Pearls and Pitfalls

• Hypertrophic scars and keloids are best differ-
entiated by history and serial examination.

• Hypertrophic scars most often improve with
time or treatment.

• Silicone pressure therapy is a useful modality.
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The lymphatic system is responsible for returning
fluid, proteins, and other large particulate matter
from the interstitium to the intravascular compart-
ment. It is also an integral component of the
immune system in which foreign bodies are pre-
sented to lymphocytes to elicit an immune response.
Lymphedema results from dysfunction of flow
through the lymphatic channels in the face of
normal capillary filtration. As such, not all cases 
of edema represent true lymphedema. Most cases of
edema are due to physiologic factors that increase
capillary filtration, such as increased capillary
hydrostatic pressure, decreased capillary colloidal
pressure, or increased capillary permeability. In
these settings, capillary filtration overwhelms
normal lymphatic channels with resultant edema
formation. There is currently no cure for lym-
phedema; medical and surgical treatment focuses 
on reducing lymph formation, improving lymph
drainage through existing lymphatic vessels, and
preventing complications.

Etiopathogenesis

Lymphedema is categorized as primary or sec-
ondary. Primary lymphedema refers to cases of
developmental lymphatic dysfunction or cases in
which no underlying cause is identified. Primary
lymphedema is subdivided according to the age of
onset. Congenital lymphedema refers to edema that
is present at birth or appears within the first 2 years
of life. The majority of patients have bilateral
involvement. Milroy’s disease is an autosomal dom-
inant form of lymphatic aplasia that manifests at
birth as extremity edema. The most common form
of primary lymphedema, lymphedema praecox, occurs
around the time of puberty. It accounts for approxi-
mately 90% of all cases and often has unilateral
involvement. Lymphedema tarda occurs after the

age of 35 and accounts for less than 5% of cases.
Primary lymphedema is more common in females.

Secondary lymphedema refers to cases in which
an underlying cause can be identified. In the United
States, the most common cause is edema after axil-
lary lymph node dissection. Worldwide, however,
filariasis is the most common cause of lymphedema.
Tumors, trauma, and irradiation can also lead to
lymphedema. Less common causes include tubercu-
losis, pregnancy, rheumatoid arthritis, and lym-
phogranuloma venereum.

Pathophysiology

Lymphedema is due to either a developmental or an
acquired dysfunction of the lymphatic system. In the
extremity, lymphatic vessels are located throughout
the dermis and subcutaneous tissue. These super-
ficial vessels drain into deep lymphatic vessels
located in the epifascial plane that lies just above
the deep fascia. There is also a subfascial system of
lymphatics responsible for draining the muscles,
fascia, bones, joints, ligaments, and tendons. These
two systems normally function independently of one
another. In lymphedema, the dysfunction in lym-
phatic flow is almost always restricted to the epi-
fascial system.

Impairment of lymph flow leads to accumulation
of interstitial fluid, proteins, and macromolecules in
the dermis and subcutaneous tissue. The increased
concentration of proteins and macromolecules
further compounds the problem by increasing
oncotic pressure and thereby leading to additional
fluid accumulation. The stagnant lymph fluid also
serves as a medium for bacteria. Because clearance
of bacteria is impaired, a prolonged local inflamma-
tory state persists. This results in recurrent damage
to the lymphatic system and sets the stage for
further episodes of cellulitis.

Lymphedema
MICHAEL S. MARGIOTTA

JOSEPH MICHAELS V
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Chronic lymphedema leads to a local increase 
in fibroblasts, adipocytes, and macrophages within
the dermis and subcutaneous tissue. These cells
induce a chronic inflammatory state that leads to
subcutaneous fibrosis, skin thickening, and hyper-
keratosis. In the early stages of lymphedema, the
skin is often soft and the lymph fluid is mobile, 
and pitting edema results. Over time, however, the
skin and subcutaneous tissue progressively become
indurated and fibrotic as the degree of pathologic
collagen deposition increases.

Patient Evaluation/Diagnostic
Studies

The diagnosis of lymphedema is usually ascertained
by history and physical examination. In most cases,
the edema initially occurs in the foot or ankle region
and slowly progresses proximally. The edema often
does not improve with leg elevation or with diuret-
ics, and the patient may complain of increased pres-
sure and fatigue in the extremity. Pain is not
characteristic of lymphedema unless associated
with cellulitis or lymphangitis. A family history of
lymphedema should be ruled out, as well as a
history of travel to countries where filarial disease
is endemic.

Examination often reveals a firm and rubbery
extremity with nonpittting edema. Hyperkeratosis,
papillomatosis, or a peau d’orange texture of the
skin may be apparent because of the subcutaneous
edema and fibrosis. Lymphedema may also manifest
as cellulitis or lymphangitis. It may be difficult to
differentiate lymphedema in its early stages from
other forms of edema because the chronic skin
changes have not yet occurred.

In patients in whom the history and physical
examination are not conclusive, diagnostic studies
are indicated. Isotopic lymphoscintigraphy with
radioactive iodine or technetium 99 is the most com-
monly used diagnostic test and is often considered
the gold standard for the diagnosis of lymphedema.
Magnetic resonance imaging and computed tomog-
raphy may also aid in the diagnosis. The imaging
techniques show a honeycomb distribution of edema
limited to the epifascial planes, the characteristic
absence of edema within the muscle compartment,
and thickening of the overlying skin.

Lymphangiography was once the diagnostic tool
of choice for lymphedema. It has since been shown
to cause a severe inflammatory reaction in the 
lymphatic vessels that leads to further impairment
in lymphatic drainage. Lymphangiography has been
replaced by less invasive techniques, and its use is
now limited to the preoperative evaluation of
patients undergoing corrective surgery.

Lymphedema must be differentiated from other
causes of edema. In chronic venous insufficiency,
valvular incompetence leads to venous hyperten-

sion, which results in an increase in capillary filtra-
tion that overwhelms the lymphatic drainage
system. Venous edema is characterized by pitting
edema that progressively increases over the course
of the day and improves on elevation. Hyper-
pigmentation and ulceration of the skin are also
common. Systemic diseases such as congestive heart
failure and renal disease should be differentiated by
history and physical examination. Lipedema may
also be mistaken for lymphedema. It is predomi-
nantly seen in woman and men with feminizing
tumors. This type of edema is due to accumulation
of fat in the subcutaneous regions of the hips, thighs,
and legs and generally spares the feet.

Reconstructive Goals

There is no medical or surgical cure for lym-
phedema. Compliant patients who have exhausted
conservative medical treatment without achieving
the desired goals are potential candidates for
surgery. Indications for surgery include impaired
limb function, recurrent infection, intractable pain,
lymphangiosarcoma, and cosmesis. The main goal of
surgery is to improve function and quality of life.
Surgery aims to decrease the incidence of cellulitis,
reduce pain, and improve mobility, gait, and trans-
fer. As a result of surgery, patient appearance,
hygiene, and self-esteem should be enhanced.

Treatment

Medical

The goals of medical treatment include limiting the
accumulation of edema fluid, improving existing
lymphatic drainage, maintaining healthy skin, and
avoiding complications such as cellulitis and 
lymphangitis.

In the early stages of lymphedema, leg elevation
may be useful in reducing the buildup of edema
fluid. As the disease becomes more chronic in
nature, the benefits of elevation are lost. The main
treatment used for reducing edema formation is
compression garments. Stockings help to limit
edema formation by opposing oncotic pressure and
preventing backflow through existing lymphatic
vessels. Recommended pressures range from 30 to
60 mm Hg. Patients should wear compression gar-
ments for 6 consecutive hours per day. Treatment
with a diuretic has not been shown to be an effec-
tive long-term strategy for reducing lymph forma-
tion because the increased oncotic pressure in
subcutaneous tissue results in rapid reaccumulation
of edema fluid and progressive fibrosis.

Other treatment strategies are aimed at enhanc-
ing existing lymphatic drainage and recruiting 
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collaterals to return the edema fluid to the intra-
vascular compartment. Complex decongestive phy-
siotherapy (CDP) is the most comprehensive of 
these approaches. CDP consists of manual lymph
massage, compressive dressings, exercise, and basic
skin care to help to prevent infections. CDP works
by stimulating existing lymphatic vessels in unaf-
fected areas to drain the edematous tissue. Patients
can expect an approximately 60% reduction in upper
extremity and a 70% reduction in lower extremity
lymphedema. The results are maintained in 90% of
patients at 9 months. CDP is labor intensive and
requires a licensed therapist, thereby limiting the
practicality of its use in many patients.

Pneumatic compression devices have been used
extensively in the treatment of lymphedema.
Modern devices are multichambered and pro-
grammed to deliver sequential pressure that
decreases by 10 mm Hg as one moves proximally
along the extremity. Several studies support the role
of pneumatic compression devices in the treatment
of lymphedema, but others show no statistically sig-
nificant difference. The degree of pathologic fibrosis
present may account for this discrepancy. Patients
with long-standing lymphedema and fibrosis may be
refractory to this type of treatment, whereas those
with lymphedema of recent onset may show
improvement because of the lack of fibrosis. A recent
randomized, prospective study demonstrated that
the addition of pneumatic compression to CDP is
more effective than CDP alone.

Patients with chronic lymphedema are prone to
recurrent cellulitis and lymphangitis. The most
common organism responsible for cellulitis in
patients with lymphedema is b-hemolytic strepto-
cocci, followed by Staphylococcus aureus. Penicillin
G or another b-lactam agent is the mainstay of treat-
ment. The affected limb should be elevated and
immobilized, and warm compresses should be
applied for symptomatic relief. After a diagnosis of
cellulitis is suspected, antibiotic therapy should be
promptly initiated. Prophylactic use of antibiotics
has not resulted in a reduction in the rate of 
infection.

The most common cause of secondary lym-
phedema worldwide is filariasis, which is due to
transmission of Wuchereria bancrofti through a mos-
quito vector in endemic areas. Filariasis can be
treated with four annual treatments of a single dose
of diethylcarbamazine (6 mg/kg), and this treatment
regimen also significantly reduces the clinical sever-
ity of lymphedema.

Pharmacotherapy as an adjunctive treatment
strategy for nonfilarial lymphedema has, however,
been disappointing. The ineffectiveness of diuretics
has been discussed earlier. One class of drugs that
has been used to treat lymphedema is the benzopy-
rones, specifically coumarin. This drug causes pro-
teolysis by stimulating macrophage activity. The
reduced protein concentration results in lower inter-
stitial oncotic pressure and less edema formation.

Previous studies have shown that benzopyrones
clinically reduce limb edema; however, this effect
remains unproven. The U.S. Food and Drug Admin-
istration does not currently approve the use of ben-
zopyrones for the treatment of lymphedema,
although additional studies are ongoing.

Surgical

Numerous techniques have been described for the
surgical treatment of lymphedema; however, no pro-
cedure is curative. The patient must understand
that these procedures are palliative and that aggres-
sive medical management must be continued to
ensure long-term reduction of lymphedema.

Excisional and debulking procedures are
designed to remove redundant skin, subcutaneous
tissue, and areas prone to repeated episodes of 
cellulitis. These procedures, however, do not improve
lymphatic drainage. Physiologic procedures are
designed to improve lymphatic drainage, and such
procedures include the microsurgical creation of
lympholymphatic and lymphovenous anastomoses
to redirect lymphatic drainage. These procedures
are obviously not indicated in patients with devel-
opmental defects in the lymphatic vessels, but they
may play a role in secondary lymphedema.

EXCISIONAL OR DEBULKING PROCEDURES. Exci-
sional procedures aim to remove redundant skin and
subcutaneous tissue from the lymphedematous
limb. Sir Richard Henry Havelock Charles described
the first excisional procedure in 1912. It involved
nearly total excision of the affected skin, subcuta-
neous tissue, and deep fascia to expose the underly-
ing skeletal muscle, followed by coverage with
split-thickness skin grafts. This procedure has many
associated complications, and skin graft survival is
unpredictable. The Charles procedure is reserved for
patients who have poor skin quality and require
extensive excision.

The most common excisional procedure currently
used to treat lymphedema is staged skin and sub-
cutaneous excision beneath skin flaps, as first
described by Sistrunk in 1918 and later modified by
Homans. This procedure effectively reduces the
extent of lower extremity lymphedema with
minimal associated complications and has become
the mainstay of treatment. The results of staged
excision in the upper extremity, however, have not
been as promising. The skin and subcutaneous exci-
sional procedure is usually performed in two stages.
The first involves excision of the medial aspect of 
the extremity because a larger resection can be per-
formed; this stage is followed by lateral resection 3
to 4 months later. The patient is admitted 1 to 3 days
before surgery, and aggressive measures are taken
to reduce the degree of lymphedema, including a
combination of extremity immobilization, elevation,
compression dressings, and pneumatic compression
devices. These maneuvers result in increased skin
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laxity and allow for more extensive excision. In an
effort to reduce the length of hospital stay, the
patient may perform some of these measures before
admission.

The extremity is exsanguinated and a pneumatic
tourniquet is placed on the proximal part of the
thigh. An incision is made from the upper medial
portion of the thigh and extended to a point 1 cm
distal to the medial malleolus. Anterior and poste-
rior flaps (1 to 2 cm in thickness) are elevated to the
midsagittal plane. The subcutaneous tissue and
deep fascia under the flaps are excised. Injury to the
sural nerve can occur if it is not properly identified
before resection of the subcutaneous tissue overly-
ing the calf. Minimal resection of the deep fascia sur-
rounding involved joints should be performed to
reduce the risk of joint violation. The redundant
skin is resected. Before closure, drains are placed in
the dependent aspects of the extremity both proxi-
mally and distally. The skin is closed. Dermal
sutures are not used because they can induce a pro-
longed inflammatory response in the incision. The
leg is splinted and elevated. The procedure is
repeated in 3 to 4 months on the lateral aspect of
the leg. Care must be taken to preserve the sensory
branches of the superficial peroneal nerve during
this stage of the procedure.

In the United States, the most common form of
lymphedema is secondary to axillary lymph node
dissection. Some type of upper extremity lym-
phedema develops in approximately 6% to 40% of
patients undergoing this procedure. With the poor
success of staged excision in upper extremity lym-
phedema, liposuction has emerged as an effective
treatment modality. The results appear to be long
lasting, and liposuction does not seem to lead to
further impairment in lymphatic flow. The impor-
tance of compression therapy after a surgical proce-
dure is noteworthy because the reduction in
lymphedema achieved by liposuction combined with
compression therapy is significantly greater than
treatment with liposuction alone.

The procedure is performed by making multiple
3-mm incisions spaced evenly throughout the
affected extremity. Cannulas with a diameter of 3 to
4 mm are connected to a vacuum pump, and lipo-
suction is performed in a circumferential manner
beginning at the distal end of the extremity. The
incisions are left open to allow for passive drainage.
An elastic compression dressing is applied.

PHYSIOLOGIC PROCEDURES. Physiologic proce-
dures aim to restore lymphatic drainage in the
affected extremity. Early descriptions of physiologic
procedures include the subcutaneous implantation
of silk threads to facilitate lymph drainage (lym-
phangioplasty) and omental transposition flaps. The
Thompson buried dermal flap is a combined exci-
sional and physiologic procedure. Skin flaps are
raised similar to the Homans procedure; however,
instead of being completely excised, they are deep-

ithelialized and buried in the underlying muscle in
an attempt to connect the epifascial and subfascial
lymphatic vessels. The effectiveness of this proce-
dure, however, has not been established.

With the development of microsurgery, the possi-
bility of lymphatic reconstruction was introduced.
Multiple techniques have been described, including
lymph node–venous, lymphovenous, and lympho-
lymphatic shunts. Subjective improvement in
appearance, objective reduction in volume, and a
decreased incidence of recurrent infection have been
reported. Some surgeons have reported long-term
patency in their microlymphatic anastomoses by
lymphoscintigraphy. However, until direct confirma-
tion of long-term patency can be demonstrated in a
large, multicenter study, the role of microlymphatic
reconstruction remains limited.

In cases of secondary lymphedema, especially
those caused by filiarial disease, benefit has been
demonstrated with combined physiologic and reduc-
tion surgery. The patient first undergoes a physio-
logic procedure, specifically a lymph node–venous
anastomosis, followed by a second-stage excisional
(Homans’) procedure. 

For the first stage, an incision is made in the
groin and a large lymph node is identified. The node
is transected, and a curet is used to core out the
node. It is anastomosed end to end to the saphenous
vein stump. The extremity is elevated postopera-
tively, and compression garments, massage, and
pneumatic devices are used for at least 3 days.
During this time, significant diuresis, often several
liters of urine output, is noted, along with a signifi-
cant reduction in extremity size. After 3 to 4 days,
the patient undergoes the second-stage excision pro-
cedure. This procedure has resulted in significant
success in many patients, and long-term lymphove-
nous patency is not required.

Postoperative Care/Complications

After the staged skin and subcutaneous excisional
procedure, the patient is placed on strict bed rest
with the extremity immobilized in a splint and ele-
vated. The drains are left in place for 3 to 5 days and
the sutures are removed by day 10. Antibiotics are
continued until the drains are removed. The patient
is fit for an elastic stocking. Dependent ambulation
can be started between days 10 and 12 and
increased gradually. The elastic dressings must be
worn continuously for the next 3 to 6 weeks to
reduce seroma formation. Once the extremity has
healed, the patient continues with compression
therapy during the day and leg elevation at 
night.

Patients who have undergone liposuction for
upper extremity lymphedema should continue 
arm elevation for 5 to 7 days. The patient should 
be remeasured for a compression dressing (32 to 
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• Surgery serves only to enhance medical treat-
ment. The ultimate goal of surgery is to
improve quality of life.

• Liposuction with compression therapy is a
useful modality for the treatment of upper
extremity lymphedema.

• Microlymphatic reconstruction has limited
application until its long-term efficacy is fully
evaluated.
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40 mm Hg) before discharge and should continue its
use indefinitely.

Postsurgical complications include seroma,
hematoma, wound dehiscence, flap necrosis, wound
infection, and exacerbation of the lymphedema.

The most dreaded sequela of chronic lymphedema
is Stewart-Treves syndrome (STS), or the develop-
ment of lymphangiosarcoma in patients with post-
mastectomy lymphedema. STS is estimated to have
an incidence of 0.5% and develops, on average 9
years after the onset of lymphedema. It is hypothe-
sized that chronic lymphedema provides an envi-
ronment of impaired immune function that may lead
to malignant transformation. The lesion often
appears as a raised, red lesion that is surrounded 
by an area of discoloration. Suspicious lesions in a
lymphedematous extremity require multiple deep
biopsies to establish the diagnosis. Treatment tra-
ditionally involved radical amputation of the arm;
however, no significant difference in survival has
been demonstrated in patients who underwent
radical amputation versus wide excision with 2- to
3-cm margins. The mean length of survival in
treated patients is approximately 20 months.

Pearls and Pitfalls

• Lymphedema is an uncurable disease.
• Conservative medical management should 

be exhausted before surgical treatment is 
considered.



Of the more than 1.2 million people burned in the
United States each year, approximately 60,000 are
hospitalized and 5000 die. Mortality, however, has
significantly improved since 1971, and deaths
attributed to burns have decreased more than 40%.
This is primarily due to preventive measures and
advanced critical care. Improved survival results in
more patients with problematic reconstructive and
functional needs. The morbidity of burn injury
ranges from devastating functional impairment to
severe cosmetic deformity.

Etiopathogenesis

Burn wounds can be caused by the following
sources: scald (hot liquids), flame (including flam-
mable liquids and explosions), contact with a hot
surface, electrical (including lightning), chemical,
and sunburn. High-risk populations are those least
able to avoid or escape burn threats: children, the
elderly, the disabled, and military personnel. Recent
emphasis on prevention of burn injury has con-
tributed to a decline in morbidity and mortality.
Flame-retardant clothing, cooler requirements of
home water heaters, fire-safe cigarettes, smoke
detectors, and fire sprinklers are proven prevention
devices. Although emphasis on prevention should be
a mainstay of burn care, the reality is that the
majority of medical and surgical intervention is
directed toward the postburn event.

Pathologic Anatomy

Burn wounds are classified by their depth of pene-
tration. First-degree burns involve the epidermis
only and result in erythema of the skin. Although
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desquamation may occur at a later time, initial blis-
tering is absent. Second-degree or partial-thickness
burns are subdivided according to the degree of
severity based on the depth of the dermis involved.
Superficial partial-thickness burns involve the pap-
illary dermis, with most of the reticular dermis
being spared, including the hair follicles and seba-
ceous and sweat glands. In contrast, deep partial-
thickness burns destroy most of the reticular dermis
and the majority of skin appendages. In third-degree
or full-thickness burns, the entire dermis is
destroyed, including the adnexal structures.

Clinical assessment remains the gold standard,
but it may be difficult to differentiate the level of
injury. Partial-thickness wounds are sensate. Super-
ficial wounds blanch with touch, demonstrate 
capillary refill, and may also blister. Deep partial-
thickness burns have diminished sensation, do not
demonstrate capillary refill, and appear white in
color. These wounds can produce blistering. Full-
thickness burns do not blister and are charred with
a gradation of color from white to brown or even
black. There is little to no sensation. Burns that
extend beyond the skin to involve deeper structures
may exhibit a fixed red color as a result of coagula-
tion of blood in the subdermal plexus. Careful initial
examination of burn wound depth is critical for accu-
rate calculation of resuscitation requirements and
preoperative planning.

Burn wounds are divided histologically into three
zones: a zone of coagulation (necrosis), a zone of
stasis (edema), and a zone of hyperemia (inflamma-
tion). The zone of coagulation is characterized by
nonviable necrotic tissue. The zone of stasis sur-
rounds the zone of coagulation and is initially viable.
The latter is clinically relevant because aggressive
resuscitation can aid in perfusion of this tenuous
tissue and prevent complete necrosis. The outermost
zone of hyperemia is viable and has increased blood
flow with a subsequently erythematous appearance.
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accounts for the different body proportions in
infants and children. For all burn patients, a burn
diagram should be placed in the medical record and
updated if the wound extends over time.

Prevention of shock is of paramount importance.
Routine assessment of electrolytes is necessary
because large intravascular volume shifts occur.
Intraoperative and postoperative care centers
around preservation of intravascular volume, pre-
vention of infection, and maintenance of the high
metabolic demands of the burned patient. Sputum,
blood, urine, and tissue cultures are critical to direct
optimal antimicrobial therapy. Serum protein and
albumin levels are useful in assessing nutritional
needs.

Specific burn circumstances may dictate further
diagnostic studies. For high-voltage electrical
injuries, an electrocardiogram and continuous
cardiac monitoring are indicated. Renal function
should be monitored with urine myoglobin mea-
surements. Chemical burns can mandate specific
diagnostic testing. For example, serum calcium
should be serially measured in patients with hydro-
fluoric acid burns because life-threatening hypocal-
cemia can occur.

Treatment

Treatment of a burned patient begins at the scene
of the injury with safe removal of the patient from
the heat source. Jewelry, watches, and belts that can
retain heat and constrict the extremities should be
removed. Inhalation injury is assumed, and 100%
oxygen is administered by facemask. Heat can be
dissipated in the burned area with clean water. Cold
water or ice should not be used because hypother-
mia can quickly result. For chemical burns, the
caustic agent, including all contaminated clothing,
should be removed. The chemical agent should be
identified so that the proper neutralizing solution
can be used.

The airway should be secured because upper
airway obstruction can develop quickly. Progressive
hoarseness mandates endotracheal intubation.
Intubation is also necessary for unconscious
patients or those experiencing respiratory distress.
For patients with possible spinal cord injury, cervi-
cal spine precautions are necessary.

After the patient arrives at the emergency
department, the decision whether to transfer to a
burn center should be made (Table 1), and fluid
resuscitation with lactated Ringer’s solution should
be initiated. For adults, the Parkland formula is a
widely accepted means of calculating fluid require-
ments in the first 24 hours after a burn injury (Table
2). For children, the Galveston formula provides 
a more accurate estimate based on body surface 
area (see Table 2). Adequate intravenous access
should be established to accommodate these fluid

Figure 1 • Estimation of burn size with Wallace’s “rule of
nines.” BSA, body surface area. (From Herndon DN [ed]: Total
Burn Care, 2nd ed. Philadelphia, Saunders, 2002.)

Diagnostic Studies

Many burn patients experience other complicating
trauma, and radiologic studies such as computed
tomography and ultrasound can play an important
role in evaluating the patient for intracranial, tho-
racic, or abdominal injury. Plain radiographic films
should be obtained to assess for fractures or foreign
bodies.

Initial Assessment

The initial evaluation of a burned patient should
include a careful history and a complete physical
examination. For patients with facial burns, 
fluorescent staining of the cornea is necessary.
Extremities should be examined for signs of com-
partment syndrome. Wick compartment testing is
often used, and a pressure higher than 30 mm Hg
is an indication for escharotomy or fasciotomy. When
inhalation injury is suspected, pulmonary assess-
ment should include arterial blood gas evaluation, a
chest x-ray, determination of carboxyhemoglobin,
and bronchoscopy if indicated.

Careful calculation of the thermally injured body
surface area is necessary to guide volume resuscita-
tion. For adults, the rule of nines (Fig. 1) is a simple
and accurate method of calculating the total surface
area burned. However, in children, the Lund and
Browder chart (Fig. 2) is more accurate because it
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requirements. If central venous access is used, a
chest x-ray should be obtained. The extremities
should be evaluated for possible compartment syn-
drome and escharotomies or fasciotomies performed
if necessary. Antimicrobial therapy and tetanus pro-
phylaxis should be administered.

For first-degree and superficial second-degree
burns, conservative management is indicated. These

wounds should be cleaned and gently débrided with
sterile saline gauze. The choice of wound dressing
varies considerably and includes topical antimicro-
bials, biologic dressings, Vaseline gauze, or a skin
substitute such as Biobrane (nylon mesh and Silas-
tic bilaminar membrane). At our institution, Bio-
brane has proved to be a reliable and relatively
painless method of treating superficial burns. Draw-
backs include availability and the need to initiate
treatment within the first 24 hours after the burn.

Figure 2 • Estimation of burn size with the Lund and Browder method. (From Herndon DN
[ed]: Total Burn Care, 2nd ed. Philadelphia, Saunders, 2002.)

TABLE 1 Criteria for Transfer of a Burn Patient

to a Burn Center

Second-degree burns greater than 10% total body
surface area

Third-degree burns
Burns that involve the face, hands, feet, genitalia, or

perineum and major burns
Chemical burns
Electrical burns, including lightning injuries
Any burn with concomitant trauma in which the burn

injuries pose the greatest risk to the patient
Inhalation injury
Patients with preexisting medical disorders that could

complicate management, prolong recovery, or affect
mortality

Hospitals without qualified personnel or equipment for
the care of burned children

TABLE 2 Fluid Calculations

PARKLAND FORMULA (ADULTS)

4 mL/kg/% BSA burned
Give half the total amount over the first 8 hours from

the time of injury and the second half over the
remaining 16 hours

GALVESTON FORMULA (PEDIATRIC PATIENTS)

5000 mL/m2 BSA burn + 2000 mL/m2 total BSA
Give half the total amount over the first 8 hours from

the time of injury and the second half over the
remaining 16 hours

BSA, body surface area.
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Although this dressing is expensive, it can result in
decreased length of stay with subsequent institu-
tional savings.

Goals of Reconstruction

The most important step in burn reconstruction
takes place at the initial excision. Although early
excision has become a mainstay of modern burn
care, it should be avoided in both the hands and face.
An aggressive approach to either of these highly
visible areas results in a less favorable functional
and aesthetic outcome. In addition, the extent of
excision should not exceed the ability to cover the
wound with either autograft or an appropriate bio-
logic dressing or skin substitute. Burn reconstruc-
tion should always be considered before the initial 
excision.

In reconstruction of the hands, function is para-
mount to all other concerns. Delayed excision can
often preserve much needed length of the digits.
Most important is maintenance of an opposable
thumb or digit. Long-term functional impairment
results from scar contracture, which can often be
prevented by early splinting. Care must be taken 
to maintain a protected hand position (wrist exten-
sion, thumb abduction, metacarpophalangeal joint
flexion, and interphalangeal joint extension)
throughout the course of treatment. The role of ther-
apists cannot be overstated in the long-term func-
tional outcome of patients with hand burns.

For deep second- and third-degree burns, treat-
ment is directed at excising and resurfacing the
wound. When possible, early excision and grafting
have resulted in decreased mortality and length of
hospital stay. The decision regarding how much 
to excise at a single setting is determined by the
patient’s comorbid conditions, the resources of the
hospital or blood bank, and the ability to cover 
the excised burn wound. Care must be taken to
avoid excision of viable tissue and to limit blood loss.
For partial-thickness wounds, the goal of tangential
excision is achieved by conservative shaving of
burned tissue until a viable wound bed is reached,
usually after repeated passes with a dermatome set
at intermediate depth or with a guarded skin knife
until punctate dermal bleeding occurs. Full-thick-
ness excision requires identifying a plane between
the burn eschar and viable subcutaneous fat. Fascial
excision is reserved for burns extending through
subcutaneous fat into muscle. With the use of elec-
trocautery, a fascial plane is identified and the over-
lying tissue removed. Although blood loss is less
extensive with this method, it leaves a permanent
contour deformity. For burns that destroy a limb or
digit beyond salvage, amputation is indicated as a
last resort.

The extent of excision should never exceed the
ability to cover the excised wound. Autologous skin

grafts are the gold standard for closing burn wounds
because they provide permanent and durable cover-
age. Skin grafts adhere to the wound bed through
the processes of plasmatic imbibition (first 48
hours), inosculation (postgraft days 2 to 3), and cap-
illary ingrowth (postgraft day 4). Skin grafts can be
harvested as split-thickness or full-thickness grafts.
Split-thickness grafts are routinely used in the
acute burn setting when large areas need to be
covered. They can be widely meshed to allow cover-
age of large areas. With proper donor site care, split-
thickness skin grafts can be reharvested every 5 to
7 days, a property ideal for burns in patients with
limited donor sites. Full-thickness grafts require
primary closure; therefore, their role in the acute
setting is limited. Full-thickness grafts are better
suited for reconstructive purposes because of their
resistance to contracture.

When the size of the burn wound exceeds avail-
able or acceptable autologous donor sites, allograft
can be used. In addition to providing temporary cov-
erage, allograft aids in alleviating pain and encour-
aging granulation of the wound bed. Xenograft, skin,
and human placenta can also be used as temporary
biologic dressings. For massive burns (>90%) in
patients with limited donor sites, cultured epithelial
autografts can provide permanent wound closure.
This technology is expensive and at this time has
not been proved to be efficacious. Synthetic skin
replacements such as Integra (acellular bilaminar
membrane) and AlloDerm (decellularized sterile
human dermis) provide dermal replacement for full-
thickness burns but require a thin split-thickness
skin graft for epithelial coverage.

Unique Burns

Chemical burns differ from thermal burns in that
tissue damage can continue long after the source is
removed. Copious irrigation with water is the first
and most important step in management. Injuries
involving large body surface areas may require
immersion in a tank. Electrolytes must be moni-
tored to prevent dangerous imbalances. Dry powder
should be brushed away before irrigation. All
affected clothing should be carefully removed so that
unaffected skin is not contaminated

Alkali substances (lime, potassium hydroxide,
bleach, and sodium hydroxide) are the most common
agents implicated in chemical injuries. Copious irri-
gation is mandatory because the alkali penetrates
deeply into the wound. Neutralization with weak
acids is contraindicated because the heat from this
reaction causes intensification of the burn. Cement
(calcium oxide) burns are also common and treated
in a manner similar to alkali burns.

Acid burns induce protein denaturation by
hydrolysis and form a hard eschar that prevents
deeper penetration; irrigation prevents additional
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tissue damage. Hydrofluoric acid poses a unique
problem because it chelates calcium and magne-
sium. Calcium gluconate (2.5%) gel or calcium glu-
conate (10%) intradermal injections should be used
after initial water irrigation. All patients with
hydrofluoric acid burns should be placed on a
cardiac monitor and observed for prolongation of the
QT interval. Serum calcium, magnesium, and potas-
sium should be frequently checked. Phenol is a pow-
erful oxidizing agent and causes extensive and deep
tissue damage. In addition to irrigation, treatment
with polyethylene glycol is helpful to prevent further
injury to underlying tissue. Phosphorus is com-
monly found in military settings. After irrigation,
phosphorus particles should be removed from the
wound. A solution of 0.5% copper sulfate turns the
particles black for easy identification and removal.

Electrical burns are unique because the visible
injury represents only a small fraction of the injured
tissue. The electrical current flows through the body
along the path of least resistance: nerves, blood
vessels, and muscles. Ventricular fibrillation is the
most common cause of death in high-voltage injury,
thus mandating cardiac monitoring. Because alter-
nating current sources can cause violent muscle 
contractions, long bone fractures can occur. Com-
partment syndrome is common with injury to deep
tissues. Fasciotomy and early débridement of non-
viable tissue are necessary to preserve an affected
extremity. Muscle damage results in release of 
myoglobin, which can cause obstructive nephropa-
thy. Urine output should be maintained at 30 to 
50 mL/hr with alkalization of urine by the intra-
venous administration of sodium bicarbonate.

Postoperative Care

Estimated blood loss for burn excision and grafting
is approximately 0.5 mL/cm2. Maintenance of
intravascular volume and end-organ perfusion is
critical in the perioperative period. Intraoperative
blood loss can be limited by careful hemostasis and
the use of tourniquets when excising an extremity.
However, even with careful technique, blood product
replacement is usually necessary. The patient’s
environment should be heated to maintain an ade-
quate core body temperature because hypothermia
is a common cause of coagulopathy. When necessary,
invasive monitoring with a central venous pressure
or pulmonary artery catheter can be performed.
Urine output should be maintained at 1.0 to 
2.0 mL/kg/hr.

Because of the skin’s function as the primary
barrier to microbial invasion, prevention of infection
is still one of the most difficult challenges in burn
care. Systemic and topical antibiotic therapy
remains a mainstay of postoperative care. When
possible, quantitative tissue culture should be per-
formed to evaluate burn wound infection. Typically,

a wound with greater than 105 organisms per gram
of tissue does not heal; however, streptococcal
species are harmful at any detectable amount. Selec-
tion of systemic antimicrobial therapy should be
based on culture and reflective of resistance pat-
terns specific to the institution.

Topical antimicrobials should be used for dress-
ing a burn wound. Commonly used topical anti-
microbials include silver sulfadiazine, mafenide
acetate, 0.5% silver nitrate solution, and sodium
hypochlorite. Silver sulfadiazine is soothing and has
a broad spectrum of coverage, but it penetrates
eschar poorly, a property that limits its effective-
ness. Transient leukopenia is a common side effect.
Mafenide acetate provides excellent coverage for
most gram-positive organisms, readily penetrates
eschar, but is painful when applied. Mafenide acetate
is a potent carbonic anhydrase inhibitor and causes
hyperchloremic metabolic acidosis and compensatory
hyperventilation if applied over greater than 30% of
the total body surface area. Silver nitrate solution
(0.5%) is painless and effective for most Staphylo-
coccus species and gram-negative aerobes, including
Pseudomonas. Concentrations above 5% are histo-
toxic. Hyponatremia and hypokalemia can occur.
Infrequently, methemoglobinemia can result and
should be considered if the skin or blood appears
cyanotic. At a concentration of 0.025%, buffered
sodium hypochlorite is bactericidal without inhibit-
ing native fibroblasts or keratinocytes. With liberal
antibiotic use, selective pressure can lead to fungal
infections, and nystatin cream or powder is com-
monly used for topical fungal infections.

Respiratory care begins at the initial burn
assessment with a search for signs of inhalation
injury. Facial burns, singed nasal hairs, carbona-
ceous sputum, and progressive hoarseness can indi-
cate an inhalation injury. Endotracheal intubation
should be performed early to prevent upper airway
edema and loss of the airway if an inhalation injury
is suspected. After intubation, surgery can proceed
once adequate resuscitation is achieved. Extubation
criteria after burn injury include the following:
PaO2/FIO2 ratio greater than 250, maximum inspi-
ratory pressure higher than 60 cm H2O, sponta-
neous tidal volume greater than 5 to 7 mL/kg, and
spontaneous vital capacity greater than 15 to 
20 mL/kg.

The normal metabolic rate can be increased by as
much as 200% after an extensive burn injury and
may continue long after the burn wound has been
closed. The increased energy requirement manifests
clinically as increases in oxygen consumption, meta-
bolic rate, urinary nitrogen excretion, lipolysis, and
weight loss. The resulting caloric debt is met by
mobilization of carbohydrate, fat, and protein stores,
thereby leading to their depletion. The resultant
malnutrition is reflected by delayed wound healing,
organ failure, and immune system failure. There-
fore, the nutritional demands of burn patients must
be addressed early and accurately.
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The Curreri formula is widely used for calculat-
ing the caloric needs of burn patients: 25 kcal/kg/day
+ 40 kcal/% total body surface area/day with 1 to 
2 g/kg/day of protein to provide a calorie-to-nitrogen
ratio of 100:1. Carbohydrates and fats make up the
remainder of the nonprotein caloric intake. As a
general rule, enteral feeding is vastly superior to
total parenteral nutrition in a burn patient.

Complications

Burn care complications can be categorized as those
involving the critical care process and those related
to excision and grafting. The most common cause of
death in severely burned patients is pneumonia
resulting from either a burn injury to the tracheo-
bronchial tree or hematogenous dissemination. The
diagnosis can be problematic because sputum
samples are often contaminated with oropharyngeal
flora and the chest x-ray displays a diffuse pattern
from increased pulmonary vascular permeability.
The best diagnostic tool is bronchoalveolar lavage,
which not only provides organism-specific informa-
tion but also cleanses purulent material from the
lung.

Sepsis may result from seeding of the blood
stream from the burn wound, respiratory tract, 
gastrointestinal tract, urinary tract, or central
venous catheters. The five cardinal signs of sepsis
are hyperventilation, thrombocytopenia, hyper-
glycemia, obtundation, and hypothermia. Blood 
cultures should be obtained but may be negative 
in critically ill patients. Inotropic support is often
necessary as a result of decreased systemic vascular
resistance and hypotension.

Gastrointestinal complications are common
because a burn injury causes mucosal atrophy and
increased intestinal permeability. Mucosal ulcera-
tion and bleeding in the stomach and duodenum can
be prevented with the early use of antacid therapy
and early enteral feeding, which also alleviates the
caloric imbalance. However, reduced gut motility
and ileus can be problematic with attempted enteral
feeding, and frequent checking of gastric residuals
is necessary.

Acute renal failure (acute tubular necrosis) from
underperfusion of the kidneys is another potentially
lethal complication. Approximately half of all
burned patients who require dialysis die, usually of
multiorgan system failure. Acute renal failure can
be prevented by early and aggressive volume resus-
citation to maintain urine output and by avoidance
of nephrotoxic agents such as intravenous contrast
and aminoglycosides.

Skin graft loss is the most frequent operative
complication and is caused by hematoma, infection,
or graft shear. When possible, a graft should be
examined on postoperative day 3 and any underly-
ing blood clot carefully aspirated. After this critical
period, capillary ingrowth has occurred and would
be interrupted with graft movement. If examination
reveals that skin grafts appear to be grossly
infected, quantitative cultures can be performed and
the topical antimicrobial changed. Finally, skin
grafts should be carefully immobilized with bolsters
or splinting to prevent graft shear.

Pearls and Pitfalls

• Aggressive resuscitation can prevent the con-
version of a deep partial-thickness injury to a
full-thickness injury. 

• The most accurate gauge of adequate volume
resuscitation is urine output; urine output
must be maintained at 1.0 to 2.0 mL/kg/hr to
ensure adequate tissue perfusion.

• Reconstructive concerns must be taken into con-
sideration at the time of initial resuscitation. 

• The head and upper extremity are highly
visible areas; sheet grafting is essential in this
area to avoid an unsightly meshed scar
pattern.

• The scalp is an excellent donor site if care is
taken to avoid harvesting at a depth below the
level of the hair follicle.

• A burned hand should be splinted early to
prevent stiffness and contracture. 

• The role of therapists in regaining hand func-
tion cannot be overstated.
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The care of a patient with a head and neck mass 
is a therapeutic endeavor that involves a broad 
spectrum of medical specialists, including the 
reconstructive surgeon. Close collaboration with the
referring physician, radiation oncologist, medical
oncologist, and head and neck surgeon is essential
for optimal treatment. The advances in plastic
surgery made during the past 20 years have per-
mitted radical resections to be undertaken while
allowing the realistic expectation of a return of form
and function. In addition, the reliable transfer of
well-vascularized tissue beds has permitted the use
of aggressive irradiation protocols while minimizing
postirradiation complications. Less morbidity has
also been achieved with more refined use of selec-
tive neck dissection, analogous to the movement
away from radical axillary dissection for breast
malignancies. Future use of such modalities as sen-
tinel lymphadenectomy and molecular detection of
micrometastases may enhance staging and man-
agement of patients with occult metastatic cervical
disease. This chapter outlines the tenets of care of
patients with a known head and neck neoplasm,
with emphasis placed on how oncologic concerns
influence reconstructive considerations.

Etiopathogenesis

Head and neck cancers represent a significant
health care burden and account for at least 4% of all
cancers diagnosed yearly in the United States. The
majority of tumors in the head and neck region are
squamous cell carcinomas (SCCs). Epidemiologic
studies have demonstrated that, in the Western
world, the cause of these cancers is mainly attrib-
utable to the carcinogens present in tobacco.
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Although alcohol by itself has not been shown to
directly be a carcinogen, in combination with
tobacco it plays a synergistic role in head and neck
carcinogenesis and increases the risk for cancer to 
a level 15 times greater than that of the general 
population. Other causes include chronic inflamma-
tion, poor hygiene, ultraviolet radiation (a particu-
larly common cause of lower lip SCC), viruses (such
as human papilloma virus, in particular HPV-16),
and in rare instances, familial factors. The impor-
tance of cumulative environmental insults in the
pathogenesis of SCC is supported by the association
of SCC with advanced age, given that it is most fre-
quently diagnosed in patients older than 50 years.

Other tumors found in the head and neck, which
in aggregate represent less than 10% of all head and
neck malignancies, include basal cell carcinomas,
verrucous carcinomas, salivary gland tumors,
melanomas, sarcomas (including rhabdomyosarco-
mas, osteosarcomas, angiosarcomas, and histiocy-
tomas), lymphomas, and thyroid malignancies. With
the exception of lymphomas, the tumors listed are
inevitably encountered by the plastic surgeon per-
forming head and neck reconstructions. A confound-
ing factor to a discussion of these tumor types is that
they are a heterogeneous group linked only by their
anatomic location in the head and neck.

The cause of head and neck cancers is an area of
intense investigation. Most do not have an infectious
cause. Exceptions include nasopharyngeal cancer,
which is almost certainly caused by Epstein-Barr
virus and accounts for a large percentage of head and
neck tumors outside the United States, and the infre-
quent SCC occurring in nonsmokers, which is more
likely to be associated with HPV than with tobacco
and alcohol use. Because the most common head and
neck malignancy is SCC, this chapter emphasizes
the biology and treatment of this tumor type.

Principles of Head and 
Neck Oncology
ROBERT D. GALIANO
MARK D. DELACURE
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Molecular Biology

SCCs arise from epithelial cells, specifically the ker-
atinizing layer. A hallmark of the cells on histologic
examination is the presence of intracellular keratin
bundles (“pearls”). Table 1 lists common genetic
changes identified in SCC of the head and neck.
These changes are all implicated in different stages
of SCC progression, and furthermore, all are poten-
tial therapeutic targets. The accepted model of SCC
progression from hyperplasia to invasive carcinoma
initially proposed by Califano is useful because it
illustrates that the clinical behavior of the tumor
cells is associated with discrete genetic and molecu-
lar alterations at each stage (Fig. 1). It is estimated
that 6 to 10 independent genetic changes are
involved in the development of head and neck SCC.
Of particular note, aberrations in the p53 gene are

strongly represented in carcinomas of the head and
neck. People who smoke and drink and develop oral
SCC have a greater tendency to have alterations in
this tumor suppressor gene present in tumor cells.
Other important oncogenes include the epidermal
growth factor receptor (EGFR), which is over-
expressed in more than 80% of head and neck SCCs,
as well as the tumor suppressor p16INK4A, which 
normally functions as a regulator of the cell cycle.
Several precancerous lesions lead to SCC, including
leukoplakia and erythroplakia. Ninety percent of
erythroplakia lesions harbor foci of in situ SCC or
invasive SCC. In contrast, only 10% of leukoplakia
foci develop in situ carcinoma or frankly invasive
tumor cells, and in line with the model of SCC 
progression described earlier, these lesions do not
contain the advanced perturbations in protoonco-
genes present in more invasive, dysplastic lesions.

TABLE 1 Common Genetic Changes in Squamous Cell Carcinoma of 

the Head and Neck

GENE LOSS OR GAIN 
PRODUCT FREQUENCY OF FUNCTION TYPE OF GENE AND EFFECT

P16INK4a 80% Loss Oncogene; increased cell cycle progression and decreased 
senescence

EGF receptor <10% Gain Oncogene; increased growth and enhanced cellular 
(erb-B1) aggressiveness

p53 45%-70% Loss Tumor suppressor; decreased apoptosis and improper regulation 
of the cell cycle

ras 25% Gain Oncogene; dysregulated cell growth and increased 
aggressiveness

Cyclin D1 30% Gain Oncogene; increase in cell cycle transit
p63 30% Loss Tumor suppressor; increases proliferation and reduces 

differentiation
PTEN 10% Loss Tumor suppressor; increases migration and modulates cell-matrix 

interactions

Normal mucosa Hyperplasia
• Increased cell numbers

• p16 inactivation

Dysplasia
• Loss of normal cellular

characteristics, but
precancerous

• p53 mutation

Carcinoma-in-situ
• Cancerous cells that 

have not penetrated the 
basement membrane

• cyclin D1 amplification

Carcinoma
• Invasion into dermal layers

• pTEN inactivation,
other tumor suppressors
dysregulated

Figure 1 • Currently accepted model of histologic changes and associated molecular alterations involved in the pathogenesis of squa-
mous cell carcinoma. Not depicted are chromosomal alterations, which are also found in each stage. Note that the progression depicted
typically takes decades before carcinoma is reached. Furthermore, this model is applicable to the concept of field cancerization, where
individual lesions may have any of the stages depicted.
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Nowhere is the aphorism that you “can’t chase
cancer cells with a knife” more true than in the
treatment of advanced head and neck tumors. 
The anatomic confines of the head and neck and 
the propensity for early metastases to the neck
present formidable challenges to surgical resection
and frustrate the ability to attain surgical margins
free of residual disease. However, it is useless to
perform an inadequate resection, and the goal of 
any surgical therapy should always be complete 
surgical resection to noninvolved margins. This
aggressive approach is made possible by the avail-
ability of reconstructive options. Early lymphatic
spread to local, regional, and distant lymph nodes
mandates involvement of the radiation oncologist.
Future improvements in patient survival will be
attained not through improvements in surgical 
technique, but by the translation of the increased
knowledge of the molecular pathogenesis of these
tumors to therapeutics. In addition, the use of 
such technologies as polymerase chain reaction may
facilitate detection of so-called micrometastases,
which has implications for the future staging and
treatment of early tumors. The era of molecular
surgery is on the horizon, and it is therefore im-
perative that the surgeon understand the mole-
cular aberrations responsible for head and neck
cancer.

Pathologic Anatomy

The head and neck region is the most anatomically
and functionally complex area of the human body. It
includes the face, scalp, and neck externally, and
within these investing layers a multitude of cavities
and structures are present, including the orbital
contents, nasal cavity, oral cavity, sinuses, and
oropharyngeal area, as well as the brain. In general,
SCC of the head and neck originates within either
the facial skin, the oral cavity (including the lips and
floor of the mouth, the tongue distal to the line of
the circumvallate papillae, the trigone, and the hard
palate), the pharynx (including the hypopharynx,
oropharynx, and nasopharynx), or the larynx. The
anatomic considerations of most of these areas will
be expanded upon in subsequent chapters.

In terms of SCC of the oral cavity, the distribu-
tion of these tumors is depicted in Figure 2A. The
overall distribution of all head and neck cancers 
and their anatomic frequency are shown in Figure
2B. More than 80% of tumors occurring in the
oral/oropharyngeal region are SCC. Characteristics
of the tumors associated with a poor prognosis
include extension of tumor cells outside the tumor
capsule and invasion of tumor cells along adjacent
perineural sheaths or into blood vessels or lymph

Maxillary
alveolus

6%

Other site or
not specified

11%

Buccal
mucosa

8%

Mandibular
alveolus

7%

Hard
palate

4%

Retromolar
trigone

7%

Oral tongue
(anterior 2/3)

43%

Floor of
mouth
14%

A

Figure 2 • A, Anatomic subsites of the oral cavity and relative frequency of cancer in each subsite. B, Incidence of cancer in
various regions of the head and neck.
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nodes. The most useful prognostic indicator in oral
cavity SCC is tumor thickness, with thin lesions 
(1.5 to 3 mm, depending on the anatomic site)
having a better outcome than thicker ones; other-
wise, nodal status is the single most important prog-
nostic factor.

There are six levels of lymph nodes. In addition,
there are now six divisions as depicted in Figure 3.
The levels and sublevels of lymph nodes include the
following:

Level I: Nodes contained in the submental (level
IA) and submandibular (level IB) triangles.

Level II: The superior jugular lymph nodes. Level
IIA nodes are anterior (medial) to the plane
formed by the spinal accessory nerve. Level IIB
nodes are posterior (lateral) to this plane.

Level III: The middle jugular lymph nodes.
Level IV: The lower jugular lymph nodes.
Level V: The posterior triangle lymph node group.

Level VA nodes (spinal accessory nodes) are
separated from level VB nodes (the supraclav-
icular and transverse cervical groups) by a line

in the horizontal plane marking the inferior
border of the cricoid arch.

Level VI: The anterior compartment lymph
nodes.

The precise anatomic borders used during surgi-
cal resection are described in Table 2. Other lymph
node groups not accounted for in the schema pre-
sented include the suboccipital, retropharyngeal,
parapharyngeal, buccinator, preauricular, peri-
parotid, and intraparotid nodes.

It is accepted that tumors of the head and neck
usually metastasize preferentially to the cervical
region. Appreciation of the risk for neck metastasis
is paramount for practitioners caring for patients
with a head and neck malignancy. Studies by Shah
and colleagues have shown that tumors located in
certain areas will preferentially (although not exclu-
sively) metastasize to particular lymph node groups
in previously untreated patients (Fig. 4). Impor-
tantly, these drainage patterns are altered by
surgery and irradiation. These anatomic observa-
tions are the basis for demarcation of the lymph
node levels and sublevels, as well as for the evolu-
tion of selective neck dissections described later.

In addition to angiogenesis, lymphangiogenesis is
now accepted to be a major mechanism by which
head and neck tumors accelerate local and regional
spread. The lack of a basement membrane on lym-
phatic vessels explains the high propensity of tumor
cells to metastasize early to local and regional nodes
via the lymphatic system. Accumulation and prolif-
eration of these cells within the node will eventually
lead to extracapsular breakout. It is notable that
each of these characteristics (lymphatic spread and
extracapsular extension) is associated with a 50%
decrease in 5-year survival rates. Much effort is cur-
rently being placed on determining the pattern of
spread of tumor cells to the cervical lymphatics. This
is the basis of the evolution in neck dissection, as
well as sentinel node techniques, both of which are
discussed later. The discovery of lymphatic-specific
growth factors and transcription factors (VEGF-C,
VEGF-D, Prox-1, LYVE-1, and podoplanin) has
revealed the molecular mechanisms underlying lym-
phatic growth and patterning and may in the future
lead to novel therapeutic targets. The use of antian-
giogenic agents in concert with antilymphangiogenic
therapy may find a role in the pharmacologic treat-
ment of head and neck tumors in the future.

Diagnostic Studies

Evaluation of the head and neck patient begins with
a thorough history and physical examination. The
history is directed toward the patient’s possible risk
factors for head and neck SCC, as delineated earlier,
as well as toward obtaining information on under-
lying comorbid conditions. The triad of predisposi-

IB
IA

VI

IIB

IIA

III

VA

IV
VII

VB

Figure 3 • The lymph node levels. Level I includes the sub-
mental and submandibular triangles, as well as the body of the
mandible. Level II contains the upper jugular lymph nodes from
the skull base superiorly to the hyoid bone inferiorly. Level III
contains the middle jugular lymph nodes from the hyoid bone
superiorly to the level of the lower border of the cricoid carti-
lage inferiorly. Level IV contains the lower jugular lymph nodes
from the level of the lower border of the cricoid cartilage supe-
riorly to the clavicle inferiorly. Level V contains the lymph nodes
in the posterior triangle. It can be divided into upper, middle,
and lower levels. Level VI contains the lymph nodes of the
anterior central compartment from the hyoid bone superiorly
to the suprasternal notch inferiorly, bounded laterally by the
medial border of the carotid sheath. Level VII contains the
lymph nodes inferior to the suprasternal notch in the superior
mediastinum.
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TABLE 2 Anatomic/Surgical Boundaries of the Neck Levels

BOUNDARY

LEVEL Superior Inferior Anterior (Medial) Posterior (Lateral)

IA Symphysis of the Body of the hyoid Anterior belly of the Anterior belly of the 
mandible contralateral digastric ipsilateral digastric muscle

muscle
IB Body of the mandible Posterior belly of the Anterior belly of the Stylohyoid muscle

digastric muscle digastric muscle
IIA Skull base Horizontal plane defined Stylohyoid muscle Vertical plane defined by

by the inferior body the spinal accessory 
of the hyoid bone nerve

IIB Skull base Horizontal plane defined Vertical plane defined by Lateral border of the
by the inferior body the spinal accessory sternocleidomastoid
of the hyoid bone nerve

III Horizontal plane defined Horizontal plane defined Lateral border of the Lateral border of the
by the inferior body of by the inferior border sternohyoid muscle sternocleidomastoid or
the hyoid of the cricoid cartilage sensory branches of the

cervical plexus
IV Horizontal plane defined Clavicle Lateral border of the Lateral border of the

by the inferior border sternohyoid muscle sternocleidomastoid or
of the cricoid cartilage sensory branches of the

cervical plexus
VA Apex of the Horizontal plane defined Posterior border of the Anterior border of the

convergence of the by the lower border sternocleidomastoid trapezius muscle
sternocleidomastoid of the cricoid cartilage muscle or sensory 
and trapezius muscles branches of the 

cervical plexus
VB Horizontal plane defined Clavicle Posterior border of the Anterior border of the

by the lower border sternocleidomastoid trapezius muscle
of the cricoid cartilage muscle or sensory 

branches of the 
cervical plexus

VI Hyoid bone Suprasternal notch Common carotid artery Common carotid artery

From Robbins KT, Atkinson JL, Byers RM, et al: The use and misuse of neck dissection for head and neck cancer. J Am Coll Surg 193:91-102, 2001.

tion to SCC (advanced age, smoking, and alcohol
use) also adversely affects other organ systems,
most importantly the cardiopulmonary system and
the vasculature. Clinical examination begins with
evaluation of the skin for lesions. A direct examina-
tion with bimanual palpation is the only modality
adequate for evaluation of mucosal lesions of the
oral cavity, so its importance cannot be overstated.
In addition to evaluation for lesions, the examiner
should note the patient’s oral hygiene with a careful
manual examination, including the fit of any den-
tures that may be present. Because of the field effect
of alcohol and tobacco, a diligent search is made for
synchronous tumors. The oropharynx should be
evaluated with a mirror exam, supplemented 
with endoscopy when the indirect mirror exam is
inadequate.

The neck is evaluated for any lymphadenopathy.
Note is made of the size and location of enlarged
nodes. Occasionally, a patient has a neck mass in the
absence of an obvious primary tumor. It is only in
these instances that endoscopy and metabolic (PET)

imaging play a vital role; after imaging, the primary
tumor may often be found by directed biopsy of oral
and pharyngeal landmarks. If a mass is palpated in
the neck, it can be easily sampled by FNA (fine-
needle aspiration) after diagnostic imaging studies
have been obtained. It is important to obtain diag-
nostic imaging studies before any invasive surgical
procedures (diagnostic or therapeutic) are carried
out. If open biopsy is required, care is taken to place
the incision within the design of a future neck 
dissection.

The neck may be scarred from prior neck dissec-
tions or irradiation, and the surgeon should be pre-
pared to dissect out recipient vessels at the borders
or outside the surgical field. Of note, modern neck
dissections do not obligately sacrifice the vessels
commonly used as recipient vessels by reconstruc-
tive surgeons performing microvascular free tissue
transfers.

Emphasis on examination of the heart and lungs
is necessary because of the frequent occurrence of
comorbid disease in these organs in smokers. A base-
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line chest radiograph or computed tomography (CT)
is obtained at the first evaluation to search for the
presence of lung metastases. These are the only
screening diagnostic studies that routinely need to
be performed.

Diagnostic Imaging

Diagnostic imaging studies, specifically, CT, mag-
netic resonance imaging (MRI), and positron emis-

sion tomography (PET), have an important role in
the evaluation, staging, and eventual treatment
plan for head and neck tumors. A CT scan with
intravenous contrast is particularly useful to deter-
mine size, anatomic location, and nodal spread of a
primary tumor. Contrast-enhanced CT studies are
preferred for the delineation of bony anatomy and
are therefore important in planning treatment
strategies for tumors encroaching on the skull base,
the mandible, and the maxilla. Axial views are 

Level IIA & IIB
• Oral cavity, nasal cavity, nasopharynx, oropharynx, 

hypopharynx, larynx, parotid gland
(Greater risk of metastases from oral and larynx
tumors to level IIA. Greater risk of metastases 
from oropharynx tumors to level IB.)

Spinal
accessory
nerve

Level III
• Oral cavity, nasopharynx, oropharynx, 

hypopharynx, larynx

Level IA
• Floor of mouth, anterior oral tongue, anterior 

mandibular alveolar ridge, lower lip

Level IB
• Oral cavity, anterior nasal cavity, soft

tissue of midface, submandibular gland

Level IV
• Hypopharynx, thyroid, cervical esophagus, larynx

Figure 4 • Common patterns of drainage into lymph node levels from anatomic subsites of the head and neck. Note that
these patterns are altered by both irradiation and by surgery.
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typically obtained from the skull base to the clavi-
cles at 5-mm intervals. CT of the larynx at 3-mm
intervals is also necessary. Coronal views are rou-
tinely obtained in studies of the paranasal sinuses
for skull base, orbital, and maxillary tumors. Sinus
series are non–contrast-enhanced, as opposed to
most other head and neck studies.

MRI is advantageous in the evaluation of soft
tissue invasion of tumors involving the tongue, sali-
vary (parotid) glands, and the skull base for dural,
perineural, and parenchymal involvement. MRI is
also excellent for imaging nodal metastases, the cer-
vicothoracic inlet, the brachial plexus, and spinal
root areas. Multiplanar imaging (axial, sagittal, and
coronal views) is readily obtained with MRI and is
extremely useful to evaluate the anatomy sur-
rounding a tumor. The ability to obtain differential
information from variable weighting (T1, T2) and fat
suppression techniques allows distinction between
tumor mass and postobstructive mucus retention,
which may appear identical on conventional CT
examination. In this area, both studies are com-
monly obtained to evaluate a patient with tumors of
the paranasal sinuses and skull base region. Most
other sites, however, require only a single mode of
well-planned imaging. At locations where bony
resection or reconstruction is performed, posttreat-
ment imaging at approximately 3 months is advised
to serve as a posttreatment baseline for comparison
in the event of recurrent disease.

Previous treatment, including radiation therapy
(RT) or surgery (or both), results in changes in soft
tissues that may be indistinguishable from persis-
tent or recurrent tumor on anatomically based

imaging (CT, MRI). Metabolic imaging techniques
(PET) take advantage of the relative hypermetabo-
lism characteristic of malignant tumors and the
inability of such cells to metabolize 2-[18F]-fluoro-2-
deoxy-D-glucose (18FDG) after it has gained intra-
cellular access. Accumulation of this material in
malignant tissues (primary or metastatic) has
allowed sensitive detection of distant metastases, as
well as locally recurrent or persistent disease when
not clear on posttreatment anatomic imaging. The
fusion of CT and PET images obtained contempora-
neously has been a great addition to the manage-
ment of previously treated patients. In addition,
patients with metastatic disease from unknown
primary sites will not uncommonly have the
primary site disclosed on PET imaging, thereby
allowing more focused treatment planning while
often minimizing the morbidity of treating the
nasopharynx (and bilateral parotids) by irradiation
of the pharyngeal axis, which had been required for
such diagnoses in the past. PET imaging obtained
at least 8 weeks after treatment (chemotherapy/RT)
may be used to evaluate response to treatment and
guide further therapy.

Staging

The sixth edition of the TNM classification system
of the American Joint Commission for Cancer
(AJCC) contains the criteria used to stage head and
neck cancers. Unlike other body areas, head and
neck cancers are characterized by high rates of
locoregional recurrence, which mandates a staging
system sensitive to diagnostic studies unique to this

Level VA & VB
• Nasopharynx, oropharynx, posterior scalp/neck skin

Level VI
• Thyroid gland, glottic and subglottic larynx,

apex of piriform sinus, cervical esophagus

Figure 4, cont’d • For legend see opposite page.
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TABLE 3 TNM Classification of Oral Cancer

Tumor Size (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but less than 

4 cm in greatest dimension
T3 Tumor more than 4 cm in greatest 

dimension
T4 (lip) Tumor invades through cortical bone, the 

inferior alveolar nerve, the floor of the 
mouth, or the skin of the face

T4a (Oral Tumor invades adjacent structures
cavity) 

T4b Tumor invades the masticator space, 
pterygoid plates, or the skull base and/or 
encases the internal carotid artery

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastases
N1 Metastasis in a single ipsilateral lymph 

node, 3 cm or less in greatest 
dimension

N2 Metastasis in a single ipsilateral lymph 
node, between 3 and 6 cm in greatest 
dimension; or in multiple ipsilateral 
lymph nodes, none more than 6 cm in 
greatest dimension; or in bilateral or 
contralateral lymph nodes, none more 
than 6 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph 
node more than 3 cm but not more than 
6 cm in greatest dimension

N2b Metastasis in multiple ipsilateral lymph 
nodes, none more than 6 cm in greatest 
dimension

N2c Metastasis in bilateral or contralateral 
lymph nodes, none more than 6 cm in 
greatest dimension

N3 Metastasis in a lymph node more than 
6 cm in greatest dimension

Distant Metastasis (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Reprinted with permission from AJCC Cancer Staging Manual, 6th ed,
pp 24-25.

T1 T2 T3 T4A T4B

N0

N1

N2

N3

A
B
C

SI SII

Stage III

Stage IVA

Stage IVB

M1 — Stage IVC

Figure 5 • Stage groupings of oral cavity, oropharyngeal, and
hypopharyngeal tumors. (Used with permission from O’Brien
JC [ed]: Selected Readings in Plastic Surgery, 2004, vol 10, no
4, p 11.)

anatomic region and responsive to the benefits of
tissue and organ preservation. A benefit of the
staging system is that it can guide therapeutic inter-
ventions, permit accurate forecasts of prognosis 
for individual patients, and allow interinstitutional
comparative analyses of different treatment proto-
cols. The TNM staging system has the added benefit
of highlighting tumors that are in high-risk and
lower-risk subcategories. In general, stage I or II

disease is associated with a better prognosis than
more advanced stages and can often be treated by
either surgery or RT with the expectation of equiv-
alent rates of cure. Important exceptions are lesions
of the oral tongue, alveolus, and maxilla, where the
ease of surgery outweighs the risks of postirradia-
tion changes, particularly to adjacent bone. More
advanced stages require a multimodal approach.
For head and neck SCC, 28% of cases are stage I,
17% are stage II, 18% are stage III, and 32% are
stage IV at presentation. The staging system shown
in Table 3 and Figure 5 is specific for oral cancer;
staging systems specific for other sites in the head
and neck are found in the AJCC manual.

Reconstructive Goals

Several goals are involved in reconstruction of the
head and neck area, some of which are general prin-
ciples of plastic surgery and some are specific to the
treatment of tumors in this area. It is incumbent 
on the reconstructive surgeon that the operation
chosen be reliable and not interfere with or com-
promise the oncologic aspects of patient care.
Because many of the patients face dismal outcomes,
little is gained by embarking on a heroic or ill-
considered reconstructive plan that will prevent the
patient from returning home in a timely manner or,
even worse, compromise any adjuvant treatments
that may be necessary. Some of the reconstructive
goals are as follows:

1 Preservation of function. In the majority of
cases, preservation of function has been made
possible by the evolution of microvascular 
free tissue transfer. It allows preservation of
function of structures such as the mandible,
provides support to soft tissues, permits the
reconstruction of an oral sphincter, provides
the soft tissue bulk necessary to allow intelli-
gible speech, and provides a properly shaped
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and directed oral conduit for deglutition. 
The development of neurotized flaps has in
some small series been shown to improve 
sensation.

2 Protection of vital structures. The head and
neck area contains an abundance of important
structures, including major vessels and nerves,
as well as the intracranial contents and 
the orbit. It is imperative to provide well-
vascularized tissues that can protect the major
vascular structures of the neck from the dam-
aging effects of salivary flow and radiation. The
skull base and underlying dura are often
broached by resections to attain clear margins.
The reconstructive surgeon must transport
well-vascularized tissue to protect these
exposed areas, obliterate dead spaces, and
ensure oro-nasal-cranial cavitary separation.

3 Permit uneventful healing. The oral and nasal
cavities are populated by an abundant bacter-
ial flora, and all procedures in the head and
neck area are colonized if not outright contam-
inated. A vascularized free flap can bring
healthy, well-vascularized, nonirradiated
tissue to assist in wound healing. If properly
planned and inset, tension-free closure should
be achieved to prevent wound edge dehiscence
and minimize the creation of fistulas. Irradia-
tion is most effective if delivered within 6 weeks
following resection. Because many patients
need to be treated with primary RT after the
results of surgical staging, the small window of
time to permit healing of the resected and
reconstructed tissues to allow the planned
delivery of complication-free adjuvant treat-
ment must not be extended.

4 Assistance with adjunctive therapies. The
demonstration that functionally crippling
radical neck dissections are not associated with
increased cure rates or locoregional control
means that more emphasis is placed on post-
operative adjuvant RT to achieve a manageable
rate of cure and local control. In many
instances this has been made possible by the
microvascular surgeon in the sense that a well-
vascularized flap enables the routine use of
high-dose RT.

5 Aesthetics. Amelioration of an often mutilating
resection in conjunction with restoration of an
acceptable appearance is not a trivial achieve-
ment. In many cases it has been possible to
restore patients to their preoperative appear-
ance, as most spectacularly exemplified by the
ability to create a neomandible with a fibula
microvascular free flap. Even reconstruction 
of an intraoral or oropharyngeal defect has
implications for the appearance of the patient
because the bulk provided by a flap prevents
collapse of the surrounding soft tissues.

6 Support for prosthetics. A prosthesis can be
functional (e.g., prosthetic teeth) or cosmetic
(e.g., an eye). A well-designed reconstruction
may achieve the functional goal of covering
exposed structures and providing well-vascu-
larized padding. In certain cases the final 
aesthetic result may be complemented by a
well-designed prosthesis. When prostheses 
are necessary, the reconstruction should be
planned so that the prostheses can be anchored
into well-vascularized bone and soft tissue (i.e.,
osseointegration).

Treatment

In the near future, patients with precancerous
lesions may be treated with chemopreventive regi-
mens to minimize disease progression or the inci-
dence of secondary lesions. Most early-stage SCC
tumors without evidence of neck metastases can be
treated by either RT or surgery with therapeutic
efficacy. However, the presence of disease in the neck
is associated with a 50% decrease in overall cure
rates. Therefore, much of the focus in the treatment
of head and neck tumors is currently placed on the
detection and management of cervical metastases.
The use of more selective neck dissections, in par-
ticular, sparing of the spinal accessory nerve and the
sternocleidomastoid muscle (removed as part of a
classical radical neck dissection), has decreased
much of the morbidity of these operations without
compromising oncologic outcomes. Expansion of the
use of sentinel node biopsy may enable even more
precise and targeted removal of affected tissues in
the neck while sparing the patient the removal of
nonaffected areas.

Radiation Therapy

The appropriate use of therapeutic radiation
remains a cornerstone in the treatment of malig-
nancies of the head and neck region. Recent 
technologic advances such as three-dimensional 
conformal treatment machines and intensity-
modulated RT delivery promise to increase effective-
ness while decreasing treatment-related morbidity
through sparing of normal uninvolved tissues and
critical anatomic structures. In many disease sites,
concurrent chemotherapy/RT delivery protocols
have replaced neoadjuvant (induction/anterior)
chemotherapy regimens through clearly demon-
strated improvements in disease control. Such pro-
tocols represent the state of the art in organ-sparing
strategies (larynx) and in many hypopharynx and
oropharyngeal sites. RT in a unique combination
with chemotherapy remains the treatment of choice
for nasopharyngeal cancer. Not surprisingly, com-
bined modality regimens have been accompanied by
increased severe toxicity and increased dependence
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on feeding gastrostomy tubes and intensive sup-
portive care. Primary RT alone is the treatment of
choice for early-stage laryngeal cancer and for most
supraglottic tumors less than 6 cm2 in volume.

Postoperative adjuvant RT is indicated for most
advanced-stage malignancies (T3, T4), for advanced
metastatic disease (N2, N3), and for patients with
nodes with extracapsular extension of disease.
Therapeutic radiation is not a substitute for
involved margins. 

For sarcomas, RT provides an adjunct for high-
grade tumors and aggressive histologic subtypes
such as angiosarcomas. High-grade salivary gland
tumors (mucoepidermoid, adenocarcinoma) are also
appropriate indications for postoperative adjuvant
RT or for fast-neutron RT. Many adenoid cystic car-
cinomas, which are notoriously neurotrophic, are
appropriately treated with RT, which is more effec-
tively able to treat large surface areas, thus cover-
ing regional structures potentially at risk for
locoregional spread. Altered fractionation schemes
(high dose per fraction) are used for advanced 
and metastatic melanomas of the head and neck
region.

Intraoperative RT may be selectively used in the
treatment of recurrent salvage cases (sparing addi-
tional doses to normal adjacent structures); yet, it is
generally unavailable in most locations. Similarly,
afterloaded brachytherapy catheters (high–dose
rate iridium 192) may be selectively used in the
same contexts, but flap coverage may be required for
reliable wound healing and for protection of critical
exposed structures. Acellular dermal allografts
(AlloDerm) have been used for carotid protection
and as a bolus for catheter placement and 
protection.

Complications attributable to RT include a
variety of wound-healing problems such as fibrosis,
chondronecrosis (larynx), and osteoradionecrosis
(mandible), as well as the sequelae of destruction 
of specialized structures such as salivary glands and
taste buds. Radioprotective agents have had
minimal impact on these effects. Severe dysphagia
as a result of fibrosis of delicate pharyngoesophageal
musculature may make oral intake impossible.
Indeed, for many patients, the functional cost of
tumor control exceeds tolerable limits, in part
because of treatment-related morbidity.

Chemotherapy

Over the past decade, the role of chemotherapeutic
agents in the management of SCC of the head and
neck has become more defined. Previously, medical
oncology had been relegated to a third-tier role
behind surgery and RT or to purely experimental
protocols in inoperable patients. Organ preservation
(larynx) studies in the early 1990s defined a role 
in predicting response to RT, with major partial
responders entering radiation arms of treatment

protocols and surgical management reserved for
salvage. Those failing to achieve major responses
entered surgical arms of such protocols and received
postoperative adjuvant RT. Studies now coming to
clinical maturity have further defined these agents
in concurrent (simultaneous) treatment regimens
with RT, with superior results obtained with induc-
tion (anterior) models.

Agents with particular activity in SCC of the head
and neck include taxanes, platinum, 5-fluorouracil,
and methotrexate. Although major responses are
common, the durability of the response is lacking
because once the agents are withdrawn, even more
aggressive recurrent disease often follows in a short
time. The promise of EGFR-targeting agents,
cytokines, and other biologic response modifiers has
thus far failed to improve response rates in ongoing
clinical trials. Similarly, a significant impact on
overall survival and on the development of distant
metastatic disease has not been realized over
decades of various combinations of agents and
modalities.

Surgery

Surgical principles of tumor resection have been
influenced by the development of reconstructive
techniques. The overriding principle on the part of
the extirpative surgeon is to ablate all apparent
disease. This goal is facilitated by intraoperative
pathologic guidance. The reconstructive surgeon
should anticipate the defect that may result from
attaining 1- to 2-cm uninvolved margins. These
margins are attained in three dimensions and pre-
clude primary closure in many instances. Incisions
are generally placed in areas that minimize the
deformity caused by the resulting scar. Therefore,
an incision may be placed along the lateral subunits
of the nose, or it may split the chin during a
mandibulotomy. Attention to delicate handling of
previously irradiated tissues is important. Drains
are routinely used to minimize accumulation of
hematoma. Neck incisions should be placed away
from the great vessels whenever possible to prevent
exposure in the event of wound dehiscence.

NECK DISSECTIONS. The decision to perform a
neck dissection depends on whether there is clinical
or radiographic evidence of nodal involvement, as
well as the risk of occult nodal disease. A useful algo-
rithm is presented in Figure 6. In the past, the ration-
ale and definitions of neck dissection were fraught
with interindividual and interinstitutional variabil-
ity. In an effort to standardize this inconsistency and
to improve on biologic correlation with known path-
ways of neck metastases, the classification of neck
dissections has evolved. There are now four classes
of neck dissection, with the “gold standard” still
being classical radical neck dissection. Modifications
developed and validated over recent decades have
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attempted either to lessen the morbidity of radical
neck dissection by retaining nonlymphatic struc-
tures, such as the sternocleidomastoid muscle and
spinal accessory nerve, or take advantage of the
propensity of previously untreated tumors in differ-
ent areas of the head to metastasize in a stereotypic
manner to specific lymph node basins. The four
types of neck dissection are as follows:

1 Radical neck dissection is the standard opera-
tion for cervical lymphadenectomy. In this pro-
cedure, all of the ipsilateral cervical lymph
nodes extending from the inferior border of the
mandible to the clavicle and from the lateral
border of the sternohyoid muscle, hyoid bone,
and contralateral anterior belly of the digastric
muscle medially to the anterior border of the
trapezius muscle are dissected. Included are all
lymph nodes from levels I through V. The
spinal accessory nerve, internal jugular vein,
and sternocleidomastoid are included.
However, the suboccipital nodes, periparotid
nodes, buccinator nodes, retropharyngeal
nodes, and anterior compartment nodes are not
included.

2 Modified radical neck dissection preserves one
or more nonlymphatic structures routinely
extirpated in radical neck dissection. These
structures may include the spinal accessory
nerve, the internal jugular vein, and the ster-
nocleidomastoid. The structure spared should
be so designated.

3 Selective neck dissection (SND) preserves one 
or more lymph node groups/levels routinely
resected in radical neck dissection. This is one
of the benefits of the new classification system
because only lymph node groups and subgroups
that are likely to drain the anatomic site
resected may be rationally removed. Terms
such as “supraomohyoid,” “lateral,” or “pos-
terolateral” neck dissections are no longer
favored. Instead, the levels or sublevels
removed should be designated in parentheses
after SND. For example, the classic supraomo-
hyoid neck dissection is now formally desig-
nated SND(I-III). The three major
nonlymphatic structures are typically spared.

4 Extended neck dissection removes additional
lymph node groups or nonlymphatic structures
beyond those typically resected in the radical
neck dissection. These include lymph nodes
outside the six levels, as well as the carotid
artery, hypoglossal nerve, vagus nerve, and
paraspinal muscles.

SENTINEL NODE BIOPSY. Sentinel node biopsies
have received much attention, but their clinical
utility remains mostly unproven in the head and
neck. Until formal proof of accuracy and benefit, sen-
tinel node biopsies for head and neck malignant
disease should be performed only in the context of a
clinical trial. 

Efforts to rationalize and target selective mini-
mally invasive therapies have a long history in 
head and neck oncology. The earliest efforts began
in the 1960s and eventuated in modifications of the
classic “radical” neck dissection that have resulted
in functional preservation and improved cosmesis
while not compromising oncologic principles and
disease control. Head and neck primary tumor sites
have a well-defined propensity to metastasize to
particular nodal stations in previously untreated
patients. This propensity has allowed staging pro-
cedures, such as supraomohyoid neck dissection
(SND[I-III]), to direct prognostic and treatment
planning. Because many of these tumors arise in
elderly patients with significant and occasionally
prohibitive comorbidity who may tolerate even non-
surgical therapies poorly, superselective lymph node
biopsy techniques have been of intense interest.
Similarly, tumors with a high incidence of occult
metastatic spread (e.g., thick oral tongue tumors)
lend themselves to such efforts. There are certain
scenarios in the head and neck that appeal to the
use of sentinel lymphadenectomy. For example,
cutaneous primary lesions of the vertex of the 
scalp, which may drain to any combination of four
quadrants, are a particularly good target for 
lymphoscintigraphy and the sentinel lymph node
technique. Lesions of the skin of the periorbital and
cheek regions, which may drain to either the facial
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treated with surgery

or definitive radiotherapy
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Electively radiate both
sides of the neck

Need to enter
neck for

resection of
primary tumor

Unreliable
follow up

Risk of occult
metastasis
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20–25%

Observe neck
Perform
elective

selective ND

Yes

Yes
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No

No
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Figure 6 • Algorithm for treating an N0 SCC of the larynx/
hypopharynx. (From Bobbins KT, Atkinson JL, Byers RM, et al:
The use and misuse of neck dissection for head and neck
cancer. J Am Coll Surg 193:91-102, 2001.)
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or the parotid/periparotid nodes, are probably can-
didates for application of these techniques. The
greatest utility of sentinel lymph node techniques
may eventually be for the management of the clini-
cally N0 neck, where 33% to 50% of patients harbor
occult metastatic disease in the context of a high-
risk primary lesion.

Technical problems in clinical practice have been
the proximity of primary sites to first-echelon nodes
and the difficulty in resolution of this anatomy on
lymphoscintigraphy cameras, as well as the rapid
transit time characteristic of highly vascularized
mucosal structures. The latter phenomenon has
often limited efforts to use isosulfan blue chromatic
localization to augment radioguided techniques. In
short, the application of sentinel lymphadenectomy
techniques to mucosal primary lesions requires
greater attention to detail and technical mastery
than the cutaneous analogues. 

Postoperative Care and
Complications

The postsurgical care is tailored to the operation
undertaken. Tumors that were excised and closed
primarily need minimal in-hospital care. Patients
who underwent free tissue transfer are optimally
monitored in a unit dedicated to the care of
microvascular free flaps.

Certain postoperative complications are specific
to the head and neck. One common complication is
wound infection after neck dissection, typically
resulting from contamination by oral flora. This
complication is decreased most effectively with pre-
operative antibiotics and antimicrobial rinses in
conjunction with the judicious use of drains to min-
imize hematomas and seromas. In addition, carotid
blowout (more common in irradiated tissues and
often fatal) and chyle leaks can also complicate the
postoperative course. If bilateral neck dissections
are performed, many patients display severe facial
edema, which in addition to being rather disturbing
can be severe enough to interfere with vascular 
flow.

Furthermore, both RT and chemotherapy can
oftentimes be associated with disabling short- and
long-term complications. Mucositis is a short-term
complication that rarely persists and is treated with
supportive care. Hypothyroidism, pituitary insuffi-
ciency, optic nerve damage, trismus, and soft tissue
fibrosis can result from RT. Xerostomia is likely the
most disabling complication. Moreover, osteora-
dionecrosis and persistent fistula formation can
result. The use of cytotoxic drugs, particularly in
conjunction with RT, can inhibit cellular functions
necessary for optimal wound healing and immune
defenses, further highlighting the need for diagnos-
tic vigilance and optimization of parameters, such
as nutrition, that are under control of the clinician.

Pearls and Pitfalls 

• Although initially simpler, regional pedicled
flaps are, in many cases, inferior to microvas-
cular free flaps for reconstruction in the head
and neck region because of their inferior 
vascularity and antigravitational orientation,
particularly when radiation therapy will be
used.

• Avoid the use of exotic flaps. The reconstructive
surgeon should be familiar with harvesting and
insetting of a few flaps (rectus, radial forearm,
fibula) that reliably serve to reconstruct most
defects in the head and neck area.

• Close cooperation with the anesthesia team is
imperative to prevent the injudicious adminis-
tration of fluids or blood products because
many of the patients (particularly those with a
history of irradiation or bilateral neck dissec-
tion) have a large amount of postoperative
swelling, which can affect wound healing and
flap survival.

• Open communication with the ablative sur-
geons facilitates the reconstruction. For
example, emphasize the need to maintain ade-
quate vessel stumps at the sites of major vessel
take-offs, to use appropriately sized hemoclips
vs. large sutures at the sacrifice of potential
recipient vessels, and preserve vessels that do
not need to be resected for oncologic reasons
(e.g., the superior thyroid vessels and trans-
verse cervical vessels).

• Failure of a microvascular free flap often delays
postoperative adjuvant therapy and possibly
compromises long-term survival. Therefore, it
is important to simplify the reconstructive plan
and focus on reliability. Large-caliber recipient
vessels should be used at all times.

• All resections should be undertaken with com-
plete extirpation of the tumor (all gross
disease) and regional metastatic disease as the
principal goal. Anything less should be consid-
ered a compromised therapeutic result and is
unacceptable in terms of misallocation of
resources and surgical insult to an oftentimes
debilitated patient.

• The initial therapeutic intervention provides
the best chance for control or cure of the
disease. The patient is therefore best served by
treatment undertaken by a multidisciplinary
team and a practitioner who is committed to
the care of the patient longitudinally through
all phases of treatment.

SUGGESTED READINGS

AJCC Cancer Staging Manual, 6th ed. New York, Springer, 2002,
pp 17-87.
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Reconstruction of the scalp and forehead requires
thorough knowledge of standard reconstructive pro-
cedures as well as surgical creativity. This chapter
provides the foundation for the development of
optimal reconstructive treatment plans.

Etiopathogenesis

Scalp and forehead defects can be divided into three
broad groups: posttraumatic, congenital, and
postablative. The most common group is traumatic
defects, which include a wide range of injuries from
simple lacerations to complete scalp avulsion
injuries. They can result from blunt trauma, shear-
ing injuries, and avulsion injuries, commonly from
hair becoming entangled in mechanical equipment.
Congenital defects include cutis aplasia and con-
genital nevi. Skin malignancy is relatively common
on the scalp as a result of high sun exposure, espe-
cially in balding men. In addition, this area is often
neglected because it is difficult to self-examine. As 
a result, lesions are often initially seen in more
advanced stages.

Anatomy

The scalp consists of skin, subcutaneous tissue,
galea, loose areolar tissue, and pericranium (perios-
teum). Scalp skin is thickest in the occipital region
and thinnest in the temporal region. The subcuta-
neous layer contains the main arteries, veins, nerves,
and lymphatics. The galea aponeurotica is a fibrous

The Forehead, Scalp, 
and Calvaria

RICHARD J. MACKOOL

layer contiguous with the occipitalis and frontalis
muscles, as well as the temporoparietal fascia, which
in turn becomes the superficial musculo-aponeurotic
system (SMAS) of the face. The loose areolar tissue
plane consists of connective tissue and is the layer
most often involved in avulsion injuries. This tissue
plane continues deep to the temporoparietal fascia
and is contiguous with the parotid-masseteric fascia.
The pericranium invests the calvaria and fuses with
the deep temporal fascia laterally.

The blood supply to the scalp is primarily from
the occipital and superficial temporal arteries. The
superficial temporal vessel bifurcates into a frontal
and parietal branch at a point approximately 2 cm
above the zygomatic arch; these branches supply the
majority of the lateral aspect of the scalp. The occip-
ital arteries supply the majority of the posterior
portion of the scalp. Additional blood supply is pro-
vided by the posterior auricular vessels and by the
supraorbital and supratrochlear vessels anteriorly.

The sensory nerve supply of the anterior scalp
and forehead arises from the supraorbital and
supratrochlear nerves. The supratrochlear nerves
supply the central portion of the forehead, whereas
the supraorbital nerves supply the anterior hairline
and scalp. The lesser occipital nerves supply the pos-
terior scalp, and the auriculotemporal nerve sup-
plies sensation to the temporal region.

The frontal branch of the facial nerve runs on a
line 0.5 cm below the tragus to 1.5 cm above the
lateral aspect of the brow. It consists of two to five
branches and innervates the frontalis muscle as it
proceeds medially. The frontal branch runs under the
SMAS at the zygomatic arch. Incisions and under-
mining for forehead reconstruction obviously require
attention to the anatomic path of the frontal branch.
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Diagnostic Studies

Management of scalp and forehead defects can most
often be based solely on clinical examination. It is
sometimes helpful to use a hand-held Doppler to
document the presence of the superficial temporal
and occipital arteries. For cases with loss of the
underlying bony calvaria, it is necessary to evaluate
the relationship of the defect to the underlying brain
and venous sinuses. Radiographic studies can be
helpful for these complex defects.

Reconstructive Goals

The goals of scalp reconstruction are:

1 Provision of stable soft tissue cover
2 Reconstruction of rigid support and protection

of the brain
3 Correction of contour deformities
4 Restoration of the anterior hairline
5 Restoration of the remaining hair-bearing 

scalp

Scalp Injury and Repair

Lacerations

Scalp lacerations should be irrigated and débrided
before layered closure. If substantial undermining 
of the scalp has occurred, drainage catheters are
often necessary.

If soft tissue loss precludes primary closure,
undermining in the loose areolar plane combined
with scoring of the galea often provides sufficient
laxity and allows primary closure. Scoring is per-
formed perpendicular to the direction of desired
advancement. Scoring the galea in a “checkerboard”
pattern increases both the length and width of a
scalp flap. Scoring should penetrate only the thick
galeal layer to avoid damaging the vascular supply
of the flap and it can be performed by placing tension
on the flap and incising carefully with a No. 10 blade.

Partial-Thickness Scalp Loss

Partial-thickness scalp loss usually occurs below the
galea in the areolar tissue plane, with the pericra-
nium left intact. For small defects, local flaps may
be used in the acute or subacute setting. For larger
defects, flaps often result in widened scars with
alopecia, and thus the final result may not be accept-
able. In selected patients, the defect can be skin
grafted. After the graft has healed, the patient can
undergo tissue expansion of the hair-bearing tissue,

followed by excision of the graft and coverage with
the expanded tissue. In cases in which this tech-
nique is not an option, local flaps can be performed
with secondary transplantation of hair to the
widened scars.

Full-Thickness Scalp Loss

Full-thickness scalp loss leaves exposed calvaria.
Although these defects can be skin grafted, this
results in an unstable scar. This is often necessary
in the acute setting and can be facilitated by creat-
ing perforations in the outer calvarial table 
followed by dressing changes, development of gran-
ulation, and placement of a skin graft. Alternatively,
the outer calvarial table can be removed and a
delayed skin graft placed for coverage. In all cases,
the patient will be left with both alopecia and an
unstable graft prone to recurrent ulceration.

Pericranial flap coverage, with subsequent skin
grafting, of a full-thickness defect can provide stable
coverage. Ideally, the pericranial flap is harvested
without additional scalp incisions.

Scalp flaps are the preferred method of closure for
coverage of denuded calvaria. The size of the defect
dictates the design of the flap and the need for pos-
sible skin grafting of the donor defect (Fig. 1). The
flaps are raised in the areolar plane between the
galea and periosteum and generally require galeal
scoring to fully cover a defect.

Larger defects may require subtotal scalp flaps as
in Orticochea’s three-flap technique (Fig. 2). The
three-flap technique creates two flaps adjacent to
the defect cut at an angle, the width of each equal
to half the width of the defect. The third flap encom-
passes the majority of the remaining scalp. It is
important to maintain a viable pedicle for each of
the flaps. Again, many of these techniques result in
wide scars with alopecia. These areas can be treated
at a second stage by hair transplantation.

Total Scalp Avulsion

Scalp avulsion is usually the result of long hair
becoming entangled in mechanical equipment. The
cleavage plane is between the galea and periosteum.
The eyebrows, upper lids, and portions of the ears
can also be avulsed with the scalp. Microvascular
replantation is the treatment of choice. Vein grafts
are generally required to avoid anastomoses in the
zone of injury. Multiple arterial and venous anasto-
moses increase the chance of success.

If the avulsed scalp is not available for replanta-
tion, skin grafts can be placed on intact periosteum.
If the periosteum is not intact, microvascular free
flap coverage is indicated. Free latissimus flaps
provide adequate pedicle length and muscle size for
coverage of large defects. Other options include
omental, rectus, and scapular flaps.
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Figure 1 • A to F, Multiple methods of wound closure with local scalp flaps. All flaps are raised in a subgaleal
plane. G, Forehead flaps raised and scored through the frontalis muscles to increase flap surface area. (From
McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990. Modified from Orticochea M: New three-flap
scalp reconstruction technique. Br J Plast Surg 24:184, 1971.)
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I

II

Figure 2 • I, Orticochea’s three-flap technique for a frontal defect. II, Three-flap technique for a posterior defect. (From
McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB Saunders, 1990. Modified from Orticochea M: New three-flap scalp
reconstruction technique. Br J Plast Surg 24:184, 1971.)
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the expansion process can decrease the chance of
wound complications. Expanders are placed in a
subgaleal or subfrontalis plane, and expansion
begins 1 to 2 weeks after insertion. After expansion
has been completed, the nevus is excised and the
expanded tissue can be advanced or transposed into
the wound (Fig. 3).

Bauer has developed the following guidelines for
treatment of forehead and scalp congenital nevi:

1 Midforehead nevi are treated by expanding
bilateral normal forehead segments with
medial advancement. Scars are placed along
the brow and at or posterior to the hairline.

2 Hemiforehead nevi require serial expansion of
the uninvolved forehead to minimize the need
for a back cut to release the advancing flap.

3 Supraorbital and temporal forehead nevi are
preferentially treated with a transposition flap
of a portion of the expanded normal skin
medial to the nevus.

4 Temporal scalp nevi, when small, can be
treated by advancing the expanded parietal
scalp to the hairline. When the nevus involves
the temporoparietal region of the scalp, a
transposition flap from the central portion of
the scalp provides the optimal hair direction for
the temporal hairline and allows greater move-
ment of the expanded flap.

5 If the level of the brow is too high after treat-
ment of forehead lesions, forehead skin must be
advanced and interposed to lower the brow.

6 In general, always use the largest expander
possible, and overexpand if needed.

Reconstruction of Postablative
Scalp Defects

Postablative reconstruction should be divided into
two major groups: reconstruction of small defects
resulting from resection of skin malignancies and
reconstruction of larger postablative defects. Small
defects resulting from skin malignancy can often be
allowed to heal secondarily. Moderate-sized defects
can be treated with local flap closure, as described
earlier, or with skin grafts.

Reconstruction of large oncologic scalp defects can
be challenging. External beam radiation, which is
frequently required, damages tissue making local
flap coverage difficult or impossible. In addition,
many patients have undergone extensive or multi-
ple procedures that result in scarring, cerebrospinal
fluid fistulas, and bone or soft tissue devitalization.
Standard considerations for the use of scalp flaps in
oncologic patients should include the following:

1 Design the flap sufficiently large to cover the
entire defect.

Reconstruction of Congenital and
Acquired (Nontraumatic) Scalp and
Forehead Defects

Aplasia Cutis Congenita (Cutis Aplasia)

Aplasia cutis congenita can occur over any portion
of the body. However, approximately 90% of cases
involve the scalp, with 70% to 75% of patients
having a single lesion, 20% a double lesion, and 8%
a triple lesion. Defects occur at or near the hairline
whorl in 80% of small lesions but may also occur
anywhere over the vertex between the anterior and
posterior fontanelles.

Most cases of cutis aplasia are sporadic, but
familial inheritance (autosomal dominant with
incomplete penetrance) has been described. Patients
with cutis aplasia can have multiple associated
anomalies, including limb and cardiac anomalies
(Adams-Oliver syndrome). Defects range from
absence of hair follicles to large areas of absent
scalp, skull, and dura.

Small areas of cutis aplasia are treated with
wound care and allowed to heal secondarily. In more
severe cases, or those with exposed dura and sagit-
tal sinus, complications such as meningitis or desic-
cation of the sinus with resultant bleeding or
thrombosis can occur. Nonetheless, conservative
therapy is often the best option for these patients,
especially when the defects are too large for local
scalp flap closure. Large defects are treated with
silver sulfadiazene (Silvadene) or sterile occlusive
dressings to prevent desiccation and allow for epithe-
lialization. After spontaneous closure of the defect,
spontaneous, complete bony restoration often occurs.

In the event that coverage of the dura is required
to prevent infection or hemorrhage, local scalp flaps
are the preferred option. Skin grafts, pericranial
flaps, tissue expansion, and microvascular free flaps
can also be used.

Congenital Nevi

The rate of malignant degeneration of large pig-
mented congenital nevi is unclear, with authors
citing malignancy rates between 0% and 42%. A
recent review of the literature found a statistically
significant increased risk for melanoma in large con-
genital melanocytic nevi, with a 2.8% malignancy
rate. Current reconstructive efforts rely on serial
excision, local flaps, or tissue expansion.

For smaller lesions, serial excision or local flap
coverage is often possible. However, if excision and
coverage cannot be performed without increasing
the deformity, tissue expansion should be considered.

The incisions for expander placement should be
made within the borders of the lesion, with align-
ment of the expander’s long axis parallel to the long
axis of the lesion. Closing wounds with permanent
suture and leaving the sutures in place throughout
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2 Minimize the number of flaps.
3 Avoid suture lines in critical areas.

Patients who have been treated by radiotherapy
or chemotherapy or who have cerebrospinal fluid
leaks or anterior defects are at the highest risk for
complications. A useful treatment algorithm for
scalp defects after ablative surgery has been pre-
sented by the Memorial–Sloan Kettering group 
(Fig. 4). They emphasize using a limited number of
reliable free flaps for scalp coverage.

Cranioplasty

The goals of cranioplasty are coverage and protec-
tion of the intracranial contents. In addition, frontal
and temporal defects are noticeable, and recon-
struction should provide restoration of a natural
contour. Ideally, cranial defects should be repaired
with autogenous bone. However, if the defects are
too large for autogenous material, methylmethacry-
late or a milled prefabricated prosthesis (alloplast)
may be required.

Autogenous Bone

The outer table of the calvarial vault can be removed
and used as a bone graft (in situ harvest) and is con-
veniently within or near the field during cranio-
plasty. The parietal calvaria posterior to the coronal
suture is usually harvested, either in situ or after
en bloc removal of both the inner and outer tables.
In situ harvest is performed by marking the desired
piece of bone for removal and burring through the
outer table into the diploic space. Osteotomes are
carefully admitted between the inner and outer
tables, proceeding circumferentially to avoid crack-
ing the outer table or penetrating the inner table. If
the bone graft is harvested en bloc, a formal crani-
otomy is required. It is split on the back table, and
the inner table is replaced (see Chapter 4, “Struc-
tural Support: Cartilage and Bone”).

Rib grafts are useful in patients who require
larger autogenous cranioplasties or in whom the cal-
varia cannot be split (as in a younger patient with
a thin calvaria). The obvious disadvantages are the
donor site scar, postoperative pain, and the poten-
tial for pneumothorax. An attempt is made to place
the incision in the inframammary crease in women
and along Langer’s lines in male patients. Alternate
ribs are harvested subperiosteally. The ribs can be
split with an osteotome to increase the amount of
bone and the chance of revascularization (split-rib
grafts). Because revascularization is hastened by
adequate bone-to-bone contact, débriding the recip-
ient site to well-vascularized, bleeding bone should
be a priority. The ribs are secured in the defect
under tension. Careful placement and contouring of
the grafts improve the aesthetic outcome.
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Karp NS: Maximizing gain from rectangular tissue expanders.
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Alloplast

Alloplastic material is useful but can be placed only
in a well-vascularized bed that is free of infection. If
there is poor soft tissue coverage or the implant is
placed in proximity to the frontal sinus, exposure or
infection will often occur. In general, alloplastic
material should be avoided in growing children.

Multiple alloplastic materials are available for
cranioplasty. However, in an adult patient, methyl-
methacrylate remains the material of choice for the
majority of surgeons. The material is easily pre-
pared and can be placed directly over bone or over
wire mesh when dura is exposed. Chilled irrigation
fluid should be used as the methylmethacrylate
solidifies because a considerable amount of heat is
produced that can damage the intracranial contents
and bone.

Prefabricated prostheses created from computed
tomography data can be used for large defects.
These implants are placed with relative ease if 
properly constructed, and they are readily available
from commercial sources.

Bone substitutes consisting of hydroxyapatite
cement are also available; however, long-term
studies have shown the complication rate to be
higher with these materials than with autogenous
bone or methylmethacrylate.

Pearls and Pitfalls

• Wide elevation with galeal scoring is useful for
both primary closure and flap closure of scalp
defects.

• Scars following flap repairs and tissue expan-
sion are prone to widening and alopecia. 
Secondary hair transplatation is useful for
camouflage.

• Attention to direction of hair growth is impor-
tant when designing scalp flaps. Hair growth
can hide exposed scars.
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Ear deformities can be categorized as congenital,
traumatic, or oncologic. Congenital defects, such as
prominent ears and microtia, are the most common.
Posttraumatic deformities often affect young adult
patients. Cancer defects occur in older age groups.

Diagnostic Studies

Diagnosis of external ear deformities is based solely
on clinical examination. Microtia can occur in isola-
tion or may be part of a larger syndrome. Appropri-
ate diagnostic tests must be performed when
microtia is syndromic; otherwise, specific tests are
not indicated.

Prominent Ears

Pathologic Anatomy

Anatomic abnormalities that contribute to the
prominent ear deformity include the following:

1 Incomplete formation of the antihelical fold
(Fig. 1)

2 Prominence of the concha (either excessive
height of the posterior conchal wall or an
increased angle between the conchal floor and
the side of the head, or both) (see Fig. 1)

3 Prominence of the ear lobe

Treatment

NONSURGICAL. Patients with prominent ears 
who are identified shortly after birth can be treated
nonsurgically. Such treatment should be initiated 
as soon as possible but is probably effective up to 
3 to 4 months of age. The length of treatment and
the modalities used may differ, but the principle
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remains the same. Splints of either resin or silicone-
coated resin are constructed. The ear is taped or
compressed around the splints, molding it to the
desired shape. The splints should be worn continu-
ously for 2 to 3 months until improvement is no
longer seen.

If the results are not optimal, surgery may be
undertaken at a later time to achieve the desired
results.

SURGICAL. Surgical treatment of prominent ears
may be performed at any time from childhood to
adulthood, but is usually not performed prior to 4
years of age. Adult patients can be treated under
local anesthesia.

Numerous surgical techniques have been
described to deal with each of the anatomic abnor-
malities outlined. The techniques are used in 
combination to address all aspects of the prominent
ear.

Antihelical Fold. Techniques advocated to create 
a more prominent antihelical fold include the 
following:

1 The Mustarde technique. Mattress sutures 
are placed on the medial surface of the ear
between the triangular fossa and scapha and
between the concha and scapha (Fig. 2).

2 The Stenstrom technique. The lateral surface
of the cartilage is abraded to allow the carti-
lage to bend toward the side with intact peri-
chondrium (i.e., toward the medial surface of
the ear). This technique, however, may leave
visible irregularities.

The Mustarde technique has proved to be the
most powerful tool to create the antihelical fold. The
sutures should create a helical rim that is straight
when viewed from the rear. They can be used in 
combination with conchal resection and the Furnas
conchal setback technique in patients with promi-
nence of the middle third of the ear (see Fig. 2). 
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Prominence of the Concha. Conchal setback can be
achieved in one of three ways:

1 Excision of a crescent of cartilage from the pos-
terior wall of the concha, followed by suture
approximation of the cartilaginous margins.

2 The Furnas technique, which involves suture
setback of the concha. Soft tissue is removed
deep to the concha, and sutures are placed

between the conchal cartilage and the mastoid
fascia to decrease the angle between the concha
and the side of the head.

3 A combination of techniques 1 and 2 (see 
Fig. 2).

Prominence of the Earlobe. Even if not apparent
preoperatively, the lobule often becomes relatively

A B

A B C

Figure 1 • Comparison of normal and prominent ears. A, Normal ear. B, The three components of a prominent ear are
depicted. (Original artwork rendered by Kevin A. Somerville. Courtesy of Charles H. Thorne, MD.)

Figure 2 • Otoplasty for prominent ears. The combination of Mustarde scaphoconchal sutures, conchal resection, and conchal-
mastoid sutures is shown. A, Sutures placed. B, Sutures tightened. C, Sutures as seen through the retroauricular incision. (Original
artwork rendered by Kevin A. Somerville. Courtesy of Charles H. Thorne, MD.)
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more prominent after conchal setback and may
require surgical repositioning. To correct a promi-
nent earlobe, the tail of the helix can be repositioned
by placing a suture between the lobule and the
concha. The author, however, has not found this to
be a reliable technique. In addition, excessive
tension on this suture can cause an abnormal
contour in the region of the antitragus. Skin can also
be excised from the medial surface of the earlobe.

Repositioning of the helical tail alone may not be
consistently effective in repositioning the earlobe.
Instead, when helical tail repositioning is not ade-
quate, skin excision and suture repositioning of the
earlobe should be performed. One must exercise
caution because it is preferable to avoid skin exci-
sion in otoplasty. In addition, it is critical to preserve
sufficient free lobule for a natural appearance and
wearing of earrings. Because of the lack of cartilage
in this region, earlobe repositioning is the most dif-
ficult and overlooked part of an otoplasty.

Pearls and Pitfalls

• Overcorrection. One of the most common com-
plications is unnatural, excessively sharp 
contours. If one portion of the ear is set back
excessively relative to other portions of the ear,
the helical rim assumes an unnatural shape.
For example, if the central portion of the ear is
set back excessively, the helical rim assumes a
“C-shaped” contour (telephone ear deformity).

• Suture complications. The sutures used in oto-
plasty may protrude either early or years later.

This complication can be reduced by using a
soft, braided suture rather than a monofila-
ment suture. Relapse is not likely to occur after
removal of a protruding suture.

• Hematoma. Pain after otoplasty may indicate 
a hematoma, which should be evacuated
promptly.

• Infection. An infection after otoplasty can be
devastating. Collections should be drained
immediately and any infection treated to com-
plete resolution. Untreated chondritis may lead
to permanent deformation of the ear.

Partial Defects of the Ear

Partial ear defects must be critically examined to
determine the anatomic derangements present.
Although some defects may be limited to the helical
rim, it is important to accurately determine what 
is missing. Often, it is useful to conceptualize the
different anatomic planes of the ear because re-
construction of multiplanar defects requires more
extensive procedures. For example, the helical rim,
sulcus, and antihelical fold represent three distinct
planes.

Helical Rim Defects

SMALL DEFECTS. Small defects of the helical rim
(less than 2.0 cm) can be closed by the Antia-Buch
technique of helical advancement (Fig. 3). This 

A B C

Figure 3 • Antia-Buch helical advancement. A, The helical defect and proposed incisions are out-
lined. B, The lateral skin and cartilage have been incised in a manner that leaves the medial skin
intact as the two segments of the helical rim are advanced. This technique results in a dog-ear on
the medial surface of the ear, which is excised, as shown by the dotted line. C, Final result showing
that the size of the ear has been reduced, the crus of the helix has been advanced out of the concha,
and the conchal donor site has been closed primarily. (Original artwork rendered by Kevin A.
Somerville. Courtesy of Charles H. Thorne, MD.)
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technique is most applicable to non-melanoma skin
cancer and traumatic defects because often only the
helical rim is involved. Invasive melanoma, in con-
trast, is usually treated by wedge excision. Closure
of the wedge inevitably causes “cupping” of the ear
and a decrease in the size of the auricle. The ten-
dency for “cupping” and the length of mismatch
between the two sides of the wedge can be mitigated
somewhat by removing accessory triangles in a
“star” pattern (Fig. 4).

LARGER DEFECTS. Larger partial defects require
cartilaginous support for reconstruction. The fol-
lowing guidelines (Firmin) are used:

1 A conchal cartilage graft can be used for carti-
laginous support when the defect involves less
than 25% of the helical length and two or fewer
anatomic planes.

2 For defects involving greater than 25% of the
helical length or smaller defects involving more
than two anatomic planes, rib cartilage is
required to provide adequate support (Fig. 5).
The cartilage is covered with retroauricular
skin and elevated at a second stage.

Thermal Injuries

Thermal injuries to the ear cause unique problems
because of involvement of the adjacent retroauricu-
lar skin and scalp. Several patterns typically occur.
In some cases, the helical rim will be lost, with the
remaining ear and retroauricular skin left intact
and uninjured. In such cases a tubed flap from the
retroauricular sulcus can be used for staged recon-
struction of the helical rim.

Injuries causing loss of the superior aspect of the
helical rim and scapha are common. The best tech-
nique, as described earlier, involves the use of costal

cartilage to reconstruct the superior part of the ear
with cutaneous coverage. If local skin is not avail-
able because of the burn injury, the superior aspect
of the ear can be reconstructed by transposing a chon-
drocutaneous flap from the concha. This technique
yields a definite improvement in the appearance of
the ear but falls far short of the potential results
when rib cartilage and uninjured skin are used.

Malignant Melanoma

Melanomas of the ear are excised with the same
margins as recommended elsewhere in the body. In
the case of malignant melanoma in situ, however, a
more conservative approach can be used because
there is no reason to perform wedge excisions for
intraepithelial malignancies. The skin is removed
from the ear with preservation of the delicate peri-
chondrium, and a full-thickness skin graft is placed
on the perichondrium. Invasive melanomas less
than 1.0 mm in thickness require a 1.0-cm margin
and can be managed by wedge resection and
primary closure. Deeper melanomas require wider
margins, thereby precluding primary closure.

Microtia and Total/Near Total 
Ear Defects

The two most commonly used techniques for autog-
enous reconstruction of the auricle are the Brent
four-stage technique and the Nagata two-stage 
technique.

Brent Technique

The Brent technique involves four stages commenc-
ing at 6 years of age and separated by an interval of
at least 3 months.

A B

A B

Figure 4 • A and B, Primary closure after wedge resection.
To avoid excessive cupping and prominence of the auricle
caused by the closure and to equalize the length of the sides
to be closed, triangular excisions from the scapha and concha
are performed. The size of the ear is significantly reduced 
by this procedure. (Original artwork rendered by Kevin A.
Somerville. Courtesy of Charles H. Thorne, MD.)

Figure 5 • Reconstruction of an auricular defect by means of
a rib cartilage framework. A, An incision is made along the pre-
vious scar. B, The cartilage framework has been inserted and
covered with retroauricular skin. A second stage is required for
flap division and resurfacing of the medial surface. (Original
artwork rendered by Kevin A. Somerville. Courtesy of Charles
H. Thorne, MD.)
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Figure 6 • First-stage auricular reconstruction, Brent technique. A, Donor site: contralateral thorax.
Two pieces of cartilage are obtained. B, Sculpting the base block. C, Thinning the second piece to
construct the helical rim. D, Suturing the helical rim to the base block. E, Completed framework. (From
Sherrel J, Beaseley RW, Charles HM [eds]): Grabb & Smith’s Plastic Surgery. Philadelphia, Lippincott
Williams & Wilkins, 1997, p 431.)

Figure 7 • Second-stage auricular reconstruction, Brent
technique. A, An incision is made around the vertically malpo-
sitioned lobule such that a caudal pedicle is left, and a corre-
sponding transverse incision is made over the caudal aspect of
the framework. B, The lobule has been transposed and the car-
tilage framework inserted into the transferred lobule. (Original
artwork rendered by Kevin A. Somerville. Courtesy of Charles
H. Thorne, MD.)

A B C

Figure 8 • Third-stage auricular reconstruction, Brent tech-
nique. A, An incision is made around the posterior 180 degrees
of the buried framework. B, The retroauricular aspect of the
scalp is undermined and advanced into the retroauricular
sulcus. The raw surface on the medial aspect of the elevated
framework is resurfaced with a skin graft. (Original artwork ren-
dered by Kevin A. Somerville. Courtesy of Charles H. Thorne,
MD.)
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Stage 1. Dissection of the cutaneous pocket,
removal of the cartilaginous vestige, and place-
ment of the costal cartilage framework (Fig. 6)

Stage 2. Rotation of the malpositioned lobule 
(Fig. 7)

Stage 3. Elevation of the reconstructed frame-
work, advancement of the retroauricular
aspect of the scalp into the sulcus, and resur-
facing of the medial surface of the elevated
framework with a skin graft (Fig. 8)

Stage 4. Deepening of the concha and reconstruc-
tion of the tragus with a contralateral chon-
drocutaneous composite graft (Fig. 9)

In some cases in which the malpositioned earlobe
is small, the second and third stages can be com-
bined so that the total reconstruction requires only
three stages.

Nagata Technique

The Nagata technique involves two stages separated
by an interval of at least 6 months. This technique
uses a more complex cartilaginous framework and
is not performed before the age of 10.

Stage 1. Dissection of the cutaneous pocket,
removal of the cartilaginous vestige, rotation of
the malpositioned earlobe, and placement of a
complex, cartilaginous framework, including
reconstruction of the tragus and ascending
crus of the helix (Figs. 10 and 11)

Stage 2. Elevation of the reconstructed auricle,
placement of a cartilage graft deep to the
framework to provide projection, coverage of

the cartilage graft with a flap of temporopari-
etal fascia, and resurfacing of the defect with
a skin graft (Fig. 12)

Pearls and Pitfalls

• The best result obtained from a Nagata-type
reconstruction is superior to the best result
from a Brent-type reconstruction.

Figure 9 • Fourth-stage auricular reconstruction, Brent technique. A, A composite graft consisting of skin and cartilage is
obtained from the lateral surface of the normal ear. B, An incision corresponding to the desired position of the tragus is made,
the tragal flap is undermined, and the composite graft is sutured “upside down” under the tragal flap. C, The composite graft
has been sutured in place. Not shown is a full-thickness skin graft, which is necessary on the floor of the concha because of
elevation of the tragal flap. (Original artwork rendered by Kevin A. Somerville. Courtesy of Charles H. Thorne, MD.)

Figure 10 • First-stage auricular reconstruction, Nagata tech-
nique, Firmin modification. A, Base block. B, Four pieces of 
cartilage are used: the base block, the helical rim, the crura of
the triangular fossa and antihelix, and the antitragus/tragus. The
four pieces are secured with stainless steel wire tied on the
deep surface of the framework. (Original artwork rendered by
Kevin A. Somerville. Courtesy of Charles H. Thorne, MD.)
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Figure 11 • First-stage auricular reconstruction, Nagata technique. A, The skin incision. B, The skin
flap is elevated. Nagata recommends leaving a small subcutaneous attachment at the caudal tip of
the skin flap. C, The framework is inserted. D, Suction is applied to the skin flap to reveal details of
the framework. (Original artwork rendered by Kevin A. Somerville. Courtesy of Charles H. Thorne,
MD.)

Figure 12 • Second-stage auricular reconstruction, Nagata technique. A, The reconstructed frame-
work is elevated, a cartilage wedge is inserted deep to the antihelix for projection, and the medial
surface of the ear and the cartilage are covered with a temporoparietal flap and skin graft (B). C, Cross
section of the elevated framework and cartilage wedge showing the position of the temporoparietal
flap and skin graft. (Original artwork rendered by Kevin A. Somerville. Courtesy of Charles H. Thorne,
MD.)
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• The Brent technique is safer. There are more
complications associated with the Nagata tech-
nique, which demands much more of the over-
lying skin because the framework is more
complex and more projected.

• Results are superior when the reconstruction is
delayed until after the age of 10.

• Best results are obtained with increasing expe-
rience. Therefore, surgeons performing ear
reconstruction should obtain maximal experi-
ence with the procedure.
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Reconstruction of the eyelids must restore proper
anatomic relationships, preserve function, achieve 
a pleasing aesthetic result, and most importantly,
protect and preserve the integrity of the underlying
globe. Restoration of the upper and lower eyelids
requires evaluation of the (1) cause, (2) anatomic
defect, and (3) availability and quality of tissues
that can be used for reconstruction. Procedures
available to the surgeon often overlap; consequently,
indications for the type of reconstruction depend on
the patient’s diagnosis and needs, as well as the
surgeon’s experience with different techniques, pre-
vious outcomes, and personal preferences. Accurate
preoperative assessment of these specific details and
understanding of the available reconstructive tech-
niques ensure the best result.

Etiopathogenesis

The causes of defects of the eyelids may be con-
genital, involutional, or posttraumatic. The most
common causes are involutional age-related issues
or postablative defects following removal of benign
or malignant lesions. Congenital absence of eyelid
tissue, or lid coloboma, is far less common and
usually accompanied by a strong Bell phenomenon
with satisfactory tear production.

The upper eyelid provides more than 90% of
palpebral closure, producing most of the coverage 
of the cornea. Reconstructed upper eyelids have
decreased mobility, proportional to the size of the
initial defect. The resulting inability to fully close
the lids usually results from compromised function
of the orbicularis oculi muscle, the degree of which
is dependent on the initial tissue loss. Elevation 
of the upper eyelid may also be compromised to
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varying degrees, depending on the amount of loss of
the levator aponeurosis or muscle.

The orbicularis oculi, specifically, the preseptal
and pretarsal heads, entwine the lacrimal sac and
provide a pumping action that propels tears out of
the palpebral aperture and prevents them from
overriding the eyelid margin. This relationship is
less important when planning reconstruction in
patients beyond the sixth decade of life because tear
production naturally diminishes each decade there-
after and renders epiphora less of a problem.

Although the lower eyelid moves superiorly only
1 to 2 mm, it does lubricate the inferior corneal pole.
Consequently, in cases in which dryness is likely, the
lower lid can be elevated to alleviate these symp-
toms. Function is paramount, and sacrifice of aes-
thetic appearance to narrow the palpebral aperture
may be required.

Pathologic Anatomy

Normal upper eyelid anatomy is illustrated in
Figure 1. The lid margin measures 30 mm in hori-
zontal length. Three to four rows of cilia are directed
up and away from the ocular surface. The anterior
lamella of the lid is composed of skin and orbicularis
muscle. The middle lamella of the upper eyelid
above the lid crease is composed of orbital septum,
orbital fat, and the levator complex. The middle
lamella of the lower eyelid is composed of orbital
septum, orbital fat, and the capsulopalpebral fascia
(lower lid retractors). The posterior lamella is com-
posed of the tarsal plate, Müller’s muscle, and the
conjunctiva. The tarsal plate measures approxi-
mately 10 mm in vertical height. The upper lid has
two major vascular arcades: the marginal arcade,
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which lies just above and parallel to the lid margin
beneath the orbicularis muscle, and the peripheral
arcade, which lies above the superior tarsal border
between the levator and Müller’s muscle.

The anatomy of the lower eyelid is similar to that
of the upper eyelid (see Fig. 1). The margin is
approximately 30 mm in horizontal length with a
single row of cilia. The anterior lamella is composed
of the skin and orbicularis muscle. The posterior
lamella consists of the tarsal plate, the lower eyelid
retractors, and the conjunctiva. The tarsus of the
lower eyelids is composed of dense connective tissue 
and measures approximately 4 to 5 mm in vertical
height. The inferior marginal arcade parallels the
lower lid margin and lies between the tarsal plate
and the orbicularis muscle.

Moving anterior to posterior in both the upper
and lower lids, the eyelid margin is composed of the

lash line, the meibomian gland orifices, the gray
line, and the mucocutaneous junction. The lash line
is defined by the rows of eyelashes. The meibomian
gland orifices are seen as a row of tiny pores within
the tarsal plate that transmit secretions from the
meibomian glands. The gray line defines the juxta-
position of the anterior and posterior lamellae and
represents the superior end of Riolan’s muscle, or
the margin of the pretarsal orbicularis. The muco-
cutaneous junction separates the keratinized from
the nonkeratinized epithelial border of the lid
margin. Recognition of these landmarks is
extremely helpful in obtaining correct anatomic
alignment of the lid margin.

The posterior lamella is lined by the nonkera-
tinizing surface of the conjunctiva, and options for
replacement include the surrounding conjunctiva,
as well as buccal, gingival, or hard palate mucosa.

Figure 1 • Oblique section through the upper and lower eyelids. (From Nesi FA, Lisman RD, Levine
MR [eds]: Smith’s Ophthalmic Plastic and Reconstructive Surgery, 2nd ed. St Louis, Mosby-Yearbook,
1998, p 37.)
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The tarsal plate can be replaced by free tarsal grafts,
by advancement or transposition of the remaining
tarsus, or by hard palate mucosa. It is difficult to
use replacements that do not have a nonkeratiniz-
ing surface on one side, such as sclera, auricular car-
tilage, or synthetic products. If replacement tissue
is not lined with a mucosal surface, the resulting
granulation on that surface produces some element
of cicatrization. The tarsus of almost all upper
eyelids measures 10 mm in vertical height. All lid-
sharing procedures must leave at least 3 to 4 mm to
maintain integrity and stability of the upper eyelid.
Therefore, an intact upper eyelid posterior lamella
has up to 7 mm to contribute to a lid-sharing proce-
dure for the opposing lower eyelid or for use as a
posterior lamellar graft for another eyelid. The ver-
tical tarsal height of a lower eyelid is 4 mm and thus
has nothing to offer for donation to another eyelid
except in a patient with eyelid laxity, where excess
lid can be used as a composite graft.

The middle lamellae (the levator and the orbital
septum, in the upper eyelid; Müller’s muscle, the
capsulopalpebral fascia, and the orbital septum in
the lower eyelid) are reconstructed with relatively
atonic soft tissue and fill the gap between the skin
and conjunctiva, but they are rarely functional or
mobile. The skin surface should be light, without
bulk to avoid weight with subsequent retraction.
Therefore, in a large defect, a skin graft is often
preferable. Small to moderate-sized defects can be
reconstructed with skin from surrounding or con-
tiguous areas.

Diagnostic Studies

Accurate assessment of the defect is critical for
optimal reconstructive results. In cases of eyelid
trauma, careful exploration of the wound for foreign
bodies should be performed. Medial defects require
an evaluation of the lacrimal system to determine
injury to the punctum or canaliculus. Such evalua-
tion is best accomplished by probing and irrigation,
which can easily be performed in the office for older
children and adults but often necessitates examina-
tion under anesthesia at the time of surgery for
young children or uncooperative patients. In all
cases, examination of the underlying globe is rec-
ommended in addition to assessment of visual
acuity. Evidence of ocular compromise, such as
corneal exposure, penetrating injury, or loss of
visual acuity, should prompt ophthalmologic 
consultation.

Reconstructive Goals

The goals of upper and lower eyelid reconstruction
are as follows:

1 Seamless realignment of the eyelid margin to
attain a pleasing height and contour

2 Placement of surgical incisions in natural skin
lines when possible

3 Avoidance of pitfalls that can tether the lid,
such as suturing the septum or levator

4 Restoration of lid functionality to preserve the
integrity of the globe

5 Use of skin that most closely matches the thin
eyelid skin when performing skin grafts

6 Avoidance of any rough surfaces (sutures, 
keratinized epithelial surfaces, etc.) that can
traumatize the ocular surface during posterior
lamella reconstruction

Treatment

The eyelids are a privileged, highly vascular site;
therefore, composite grafting or resuturing of
avulsed tissue is a reasonable first attempt.

Partial-Thickness Defects

NONSURGICAL. Granulation is possible in small
defects only if the posterior lamella is intact. If
healing by secondary intention is allowed in full-
thickness defects, coloboma or lid retraction most
likely results. Even if the aesthetic result is satis-
factory, the mucocutaneous junction is disrupted
and superficial punctuate keratopathy, a foreign
body sensation, or trichiasis may result. Small lower
eyelid defects, when allowed to heal secondarily, can
lead to lower lid retraction. Such retraction may be
problematic only if the defect is medial and produces
eversion of the punctum. Satisfactory results can be
anticipated with secondary healing of small medial
canthal defects; however, punctual eversion can be
expected with defects encroaching on the punctum.
For combined medial canthal and palpebral defects,
band or web formation is likely.

SURGICAL. Defects involving the anterior lamella
must be assessed in the context of the surrounding
soft tissues. In older individuals and patients with
anterior lamellar laxity, it may be possible to recruit
redundant skin to close the defect primarily or fill
the defect with a local myocutaneous advancement
flap. In younger individuals or older persons who
lack excess skin, it may be necessary to fill the defect
with a full-thickness skin graft. Donor sites should
be chosen to match the thin skin of the eyelids as
closely as possible, and grafts may be harvested
from the superior lid fold (as in a blepharoplasty
incision), the posterior auricular region, or the supra-
clavicular skin. Grafts should be thinned. More
extensive defects may require larger flaps from the
forehead or cheek, the description of which is beyond
the scope of this chapter.
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Full-Thickness Defects

DEFECTS LESS THAN A THIRD—DIRECT REAP-
PROXIMATION. Small defects in both the upper
and lower eyelid are often reconstructed by directly
approximating the edges of the defect. In general,
defects measuring less than a fourth of the lid
margin can be directly closed, whereas defects
between a fourth to a third of the margin often
require lateral cantholysis to realign the edges
without tension. With the use of 6–0 silk, the edges
of the margin are joined to approximate three
anatomically similar points: the meibomian gland
orifices, the lash line, and the gray line or mucocu-
taneous junction (Fig. 2). The sutures are cut long
and tied away from the surface of the eye. The edges
of the tarsal plate are approximated with one to two
interrupted 6–0 chromic sutures while taking care
to avoid corneal abrasion by ensuring that the
suture does not pass through the conjunctiva on the
upper lid. The anterior lamellar tissues can then be
closed with interrupted or running 6–0 silk sutures,
with one of them used to tie the long lengths of mar-
ginal sutures inferiorly away from the globe.

If the eyelid margin is tight, tethered, or retracted
at the time of closure, some form of lateral canthal
release is required. Canthotomy alone allows some
advancement of the eyelid, but when combined with
release of the superior or inferior crus of the lateral
canthal tendon, it can allow for closure of defects
that encompass up to 30% of the length of the upper
or lower eyelids. If canthotomy is needed, a new,
sharp canthal angle is created with both absorbable
sutures and a permanent suture between upper and
lower eyelids at the site of the desired lateral angle.
It is occasionally necessary to support the remain-
ing lateral segment of the eyelid with a canthopexy

suture. Canthoplasty is not usually possible because
of the degree of lateral eyelid loss.

Careful judgment is required when determining
the need for additional tissue transfer with a semi-
circular flap from the lateral canthus (Tenzel’s 
semicircular flap—see later). It is not possible to
perform a Tenzel flap if a canthotomy has been per-
formed. Therefore, in cases in which a canthotomy
may not allow the needed advancement, it should be
avoided in favor of rotation and advancement of this
tissue.

DEFECTS BETWEEN A THIRD TO TWO THIRDS—
TENZEL’S SEMICIRCULAR ADVANCEMENT FLAP.
Reconstruction of defects in both the upper and
lower lids that measure between a third and two
thirds of the length of the lid margin requires an
advancement flap, which is best accomplished with
the use of a Tenzel (semicircular advancement) flap
(Fig. 3). Skin and muscle are recruited from the
lateral canthus by making an inferiorly directed
semicircular incision to reconstruct the lower lid or
a superiorly directed semicircular incision to recon-
struct the upper eyelid. The lateral canthal dissec-
tion should reach the lateral orbital rim. Either a
superior or inferior cantholysis is performed when
reconstructing the upper or lower lid, respectively.
This maneuver enables mobilization of the lateral
portion of the remaining lid in a nasal dissection.
After widely undermining the semicircular flap, the
lateral lid tissue can be mobilized to meet the nasal
edge of the defect. The lid margin is realigned as
described earlier. The lateral canthus is recon-
structed with 4–0 PDS suture to plicate the orbicu-
laris muscle of the advancement flap to the
periosteum at the inner contour of the lateral orbital

A B

Figure 2 • A, A laceration of the eyelid margin has been freshened in a pentagonal wedge configuration. The
first silk suture is passed through the tarsal plate and exits the meibomian gland orifices. The suture is tied, and
the remaining tarsal plate is closed with partial-thickness 6–0 Vicryl sutures. Two more 6–0 silk sutures are placed
behind the lash line and in front of the lash line. B, The marginal silk sutures are left long and incorporated into
the first skin suture, and the remaining skin is closed with 6–0 silk sutures. The inferior portion of the wound has
been modified in a hockey stick configuration to reduce tissue puckering. (From Nesi FA, Lisman RD, Levine MR
[eds]: Smith’s Ophthalmic Plastic and Reconstructive Surgery, 2nd ed. St Louis, Mosby-Yearbook, 1998, p 185.)
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Figure 3 • Tenzel’s semicircular flap for closure of an upper lid defect. A, Upper lid defect with an outline
of the lateral semicircular advancement flap to be developed. B, Advancement of a skin-muscle flap to fill
the upper lid defect. The flap should be fixated at the lateral canthus and lateral orbital tubercle with a mat-
tress suture that encompasses the lower ramus of the lateral canthal tendon. C, Final closure of Tenzel’s
semicircular flap to correct the upper lid. The lateral canthal area has been reconstructed, and the conjunc-
tiva has been advanced and sutured to the new lid margin. (From Nesi FA, Lisman RD, Levine MR [eds]:
Smith’s Ophthalmic Plastic and Reconstructive Surgery, 2nd ed. St Louis, Mosby-Yearbook, 1998, p 585.)

rim. The lateral incision is closed with interrupted
or running 6–0 silk or nylon suture.

DEFECTS GREATER THAN TWO THIRDS—LID-
SHARING FLAPS
Upper Eyelid. The Cutler-Beard bridge flap is used
to reconstruct large, full-thickness defects of the
upper lid (Fig. 4). Creation of this lid-sharing flap
involves the use of a full-thickness lower lid flap of
skin, the orbicularis muscle, and the conjunctiva
raised from an incision placed 4 to 5 mm below the
lower lid margin. In this way, the lower lid incision
is placed below the level of the marginal arcade to
avoid ischemia of the remaining bridge of the lower
lid margin. Flap tension is relieved by making two
parallel vertical full-thickness incisions deep into
the inferior fornix. The flap is passed beneath the
remaining “bridge” of lower lid margin and
advanced superiorly to fill the upper lid defect. The
advanced conjunctival edge of the flap is sutured to
the residual edge of the upper lid conjunctiva. The
skin and muscle edges are approximated along the
flap-host interface. The flap is divided 6 to 8 weeks
later by making a horizontal incision through the
flap approximately 2 mm lower than the desired
level of the upper lid margin to allow for flap con-

traction. The flap stretches over time to add length
to the reconstructed upper eyelid. The incision is
slightly beveled to allow the conjunctival side to be
longer than the skin and muscle of the reconstructed
upper lid. This maneuver prevents contact of kera-
tinized epithelium with the surface of the eye.

Lower Eyelid. The tarsoconjunctival, or Hughes’,
flap is the procedure of choice when reconstructing
large defects of the lower lid (Fig. 5). The tarso-
conjunctival flap is visualized after eversion of the
upper eyelid over a Desmarres retractor. Three to 4
mm of tarsus is left undisturbed, and a horizontal
incision is placed through the tarsus along either the
entire extent of the tarsus or only a segment of the
tarsus if a small amount of tissue is required. Dis-
section is carried out between the tarsus and the
orbicularis, up to the upper border of the tarsus.
Here, the dissection plane is between the conjunc-
tiva and Müller’s muscle. Attempts should be made
to avoid injury to Müller’s muscle because such
injury may result in upper eyelid retraction after the
second stage. Flap elevation is extended well up into
the superior fornix to allow for significant laxity. The
flap is advanced inferiorly to fill the lower lid defect
and sutured in tongue-in-groove fashion into the
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Figure 4 • Cutler-Beard bridge flap. A, Rectangular upper lid defect that can be reduced by horizontal stretching so that proper width of
lower lid advancement flap can be determined. The lower lid skin-muscle-conjunctival flap should be developed with a horizontal incision not
closer than 5 mm to the lid margin. B, Advancement of a full-thickness lid flap from the lower lid into the upper lid defect. The inner layer
of conjunctiva and capsulopalpebral fascia has been sutured to the conjunctiva of the upper lid. C, An autogenous cartilage graft has been
sutured in position and attached to remnants of the tarsal edge and levator muscle. This step is often unnecessary. D, A skin-muscle flap is
sutured into the skin-muscle defect in the upper lid. E, Sagittal view of the lower lid flap in place. An autogenous cartilage graft is shown
sandwiched between the conjunctiva from the lower lid and the skin-muscle flap. F, Appearance after separation of the flap 6 weeks later.
It is important when separating the flap to ensure that there is extra conjunctiva to evert around the upper lid margin, as illustrated. Small
traction folds must be excised for the lower lid to close properly. (From Nesi FA, Lisman RD, Levine MR [eds]: Smith’s Ophthalmic Plastic
and Reconstructive Surgery, 2nd ed. St Louis, Mosby-Yearbook, 1998, p 1586.)
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Figure 5 • Tarsoconjunctival flap for repairing a lower lid defect. A, Tumor to be excised. B, Pulling borders of the
defect together to see the minimal amount of tissue necessary for lid reconstruction. C, Outline of the tarsoconjunc-
tival flap in the upper lid while staying 3 mm from lid margin. Continued

remaining tarsal edges of the lower eyelid. If none
exists, the lateral tarsal margins of the flap are
sutured to the inner aspect of periosteum at the
lateral orbital rim. Medially, it is helpful to suture
the flap to a remnant of the canthal tendon. The
anterior lamella can be reconstructed by transposi-
tion or advancement of surrounding tissue; however,
in most situations, the use of a full-thickness skin
graft is preferred. Retraction of the newly recon-
structed lower eyelid is common, and the use of
lighter skin grafts reduces the incidence of contrac-
tion. The lower eyelid is subject to involutional
changes more than the levator-supported upper
eyelid. Even if a thicker flap reconstruction is ini-
tially in a satisfactory position, it is subject to laxity
over time. For that reason alone, less bulky resur-
facing is preferred. If a skin graft is placed, it must
be overstretched onto the conjunctival flap because
in the second stage, eyelid height is placed at or
almost above the inferior limbus.

The flap can be divided as early as 2 weeks, if
needed, but most flaps remain in place for 4 to 6
weeks. The flap should be incised straight across to
achieve a pleasing height. If it is arched, the eyelid
falls further when the patient is upright and it will

be too low. If it is incised straight across, the medial
and lateral support holds the eyelid extremities, and
the central area bows naturally to achieve a pleas-
ing contour.

Postsurgical Care

Corticosteroid/antibiotic combination eye drops and
analgesic medications are prescribed for the first
postoperative week. Skin sutures are removed
within the first postoperative week. Sutures align-
ing the lid margin are left in place for 10 to 14 days.
Eyelid-sharing advancement flaps are divided 4 to 6
weeks postoperatively as described earlier.

Pearls and Pitfalls

• Resuturing of the eyelid margin during a stan-
dard horizontal shortening procedure should
not be left “overcorrected” with a bump at the
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Figure 5, cont’d • D, Sagittal view of the incision. Dotted lines indicate planes of dissection. If Müller’s muscle is
to be included in the conjunctival flap, the dissection plane is between Müller’s muscle and the levator aponeurosis.
If Müller’s muscle is left in place, the dissection plane is between Müller’s muscle and the conjunctiva. E, The tarso-
conjunctival flap is advanced into the lower lid. The inferior margin of the flap is sutured to the conjunctiva and the
lower lid retractors with continuous 8–0 chromic suture. F, Sagittal view of the tarsoconjunctival flap. G, Technique of
anchoring the tarsoconjunctival flap to the remaining lid. The lid is split at the gray line for a distance of 2 to 3 mm,
and each arm of double-armed 6–0 silk suture enters the skin of the lid, exits the apex of the groove, takes a full-thick-
ness bite in the tarsoconjunctival flap, reenters the apex of the wound, and exits the skin where the suture is tied
over a cotton bolster. H, The anterior lamella is repaired with an advancement skin flap. I, The anterior lamella can also
be repaired with a skin graft. 



Upper and Lower Eyelid Reconstruction —— 115

H
ead

 an
d

 N
eck, R

eco
n

stru
ctio

n

eyelid margin. If the tarsus is adequately
reunited with a long-acting resorbable suture,
overcorrections are not required.

• If a semicircular flap or canthotomy has been
used, a mild degree of lateral canthal supra-
placement is desired.

• Two-stage reconstructions may require treat-
ment for retraction of the upper eyelid. If a
large amount of upper eyelid retraction results,
one can evert the upper eyelid on a Desmarres
retractor and space or gap the granulating
wound. It may even be possible to disinsert the
levator from the posterior margin of the tarsus
to complete the recession of the eyelid as early
as 1 to 2 weeks after the second stage.

• If the lower eyelid is too far superior to the
lower limbus (too high), it can be lowered by
straight resection with sharp-pointed scissors
to reduce its height.

• If the newly reconstructed lower eyelid margin
granulates with chronic erythema because of
chronic keratinization of a conjunctival surface
that has migrated too far anteriorly, that area
can be reresected at the eyelid margin to a
minimal degree and be allowed to “granulate”
once again. Any irregularities at the periphery
of an eyelid skin graft can be corrected by der-
mabrasion or the use of a laser to plane the
contour or height to achieve a more acceptable
shape or contour.
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Figure 5, cont’d • J, At the second stage, the flap is incised beneath the lid at the point where it comes from the
tarsus. The lower lid is left slightly on the high side, approximately 1 mm, to allow for slight contracture. The remain-
der of the flap is trimmed. K, The patient is asked to open his eyes, and the contour of the upper lid is checked to
follow the eye. L, If there is elevation or notching of the upper lid, the lid is double everted over a Desmarres retrac-
tor and all scar bands to the skin are divided. This technique is especially useful on the medial and lateral corners
where the flap was formed. M, The procedure is continued until the lid has the exactly desired curvature. (From Della
Rocca RC, Nesi FA, Lisman RD [eds]: Smith’s Ophthalmic Plastic and Reconstructive Surgery, vol 2. St Louis, Mosby,
1987.)
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The origins of plastic surgery are rooted in repair of
the nose. The nose, as a central facial figure, con-
tributes significantly in telling the world who we are
and what we may become.

Etiopathogenesis

In ancient times, noses were commonly amputated
in war or as punishment for moral or political trans-
gressions. Today, nasal defects most often follow the
ablation of cutaneous skin cancer (basal cell carci-
noma, squamous cell carcinoma or, less commonly,
melanoma). Human and animal bites may also
occur. Destruction of nasal support alone may follow
facial fracture, but cartilage destruction without
loss of cover more often follows necrosis of the
intranasal lining as a result of infectious complica-
tions of syphilis, leprosy, noma, or following cocaine
use. Inflammation and destruction of nasal lining
expose and devascularize the septal cartilage,
thereby leading to progressive nasal collapse and
lining contraction. Infectious diseases such as noma
or meningococcemia may lead to full-thickness nasal
destruction. A multiply operated cosmetic rhino-
plasty patient may also have scarred, contracted, or
excised nasal lining; absent or distorted bone and
cartilage framework; and scarred, contracted exter-
nal skin.

The nose is made of a thin, pliable vascular lining
and a sculptured soft and hard tissue framework
composed of subcutaneous fat and muscle covering
the nasal bones, upper lateral cartilage, septum,
and alar cartilage. The framework is covered by a
thin conforming skin envelope. When all or part of
the nose is missing, the requirements for repair
depend on the degree of cover, support, and lining
loss, as well as the goals of restoration. Ideally, the
repair combines restoration of function (avoiding
airway obstruction as a result of soft tissue collapse,
excessive bulk, or constricting scar) and restoration
of a normal attractive nasal appearance.
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The Nose
FREDERICK J. MENICK

Preoperative Evaluation

The first step is to make a diagnosis and formulate
a treatment plan. If possible, the patient is exam-
ined before excision of a skin cancer. The patient
usually has an acute or old nasal defect after Mohs’
surgery, trauma, or infection, and the apparent
defect may not reflect what is truly missing. Edema,
gravity, and skin tension may enlarge the apparent
defect, whereas secondary healing and contraction
may decrease the apparent defect. Clinical exami-
nation combined with evaluation of medical pho-
tographs permits formulation of a surgical plan.
Radiographic evaluation of large complex defects
involving bone or extensive soft tissue by computed
tomography or magnetic resonance imaging is
useful. Sources of donor material, including the fore-
head, cheek, intranasal lining, septum, ear, rib,
cranium, and ilium, should be evaluated.

Goals of Reconstruction

It is important to evaluate the defect in the context
of normal facial aesthetics. The desired three-
dimensional reconstruction must be clearly visual-
ized to allow a specific, exact, properly staged plan
to be formulated.

Patients must be given a treatment choice. The
defect can be allowed to heal by secondary intention,
or a skin graft or flap can be used to close the wound.
However, most patients are fastidious and wish the
missing part to be restored to its original color,
texture, contour, and function. The number of sur-
gical stages, morbidity, aesthetic requirements, and
financial costs must be discussed.

The external surface of the nose is crossed by
ridges and valleys that separate it into slightly
convex or concave surfaces or subunits—the tip,
dorsum, paired sidewalls, alar lobules, soft trian-
gles, and columella (Fig. 1). The regional units are
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adjacent topographic areas with characteristic skin
quality, border outline, and three-dimensional
contour. If a “normal” appearance is the goal, the
regional units be restored.

The wound often needs to be altered in site, size,
and depth to improve the outcome. Flaps often leave
trapdoor scars as a result of fibrotic contraction in
the interface between the recipient bed and the
donor tissue. The flaps often become raised above the
adjacent normal skin (unlike skin grafts, which may
atrophy or become unpredictably pigmented). Con-
sequently, it is often preferable, when using a flap,
to resurface an entire convex subunit rather than
part of a subunit so that the expected wound con-
traction augments rather than distorts the contour
of the final result. The subunit principle follows: if a
defect occupies greater than 50% of a subunit, con-
sider discarding adjacent normal tissue within the
subunit so that the entire subunit is resurfaced with
a single flap. This approach (which is not applicable
to skin grafts or to flat or concave subunits) also posi-
tions scars in the contour depressions between sub-
units where they are better camouflaged.

Absent tissue must be replaced exactly, neither
underfilling nor overfilling the defect. Flap dimen-
sions are not taken from a fresh gaping wound or an
old contracted defect but from the contralateral,
unaffected side or a model of an ideal nose.

When repairing composite defects that encom-
pass multiple facial units, tissue settling and scar
distortion should be anticipated. If a facial land-
mark must be built on another (nose on lip and
cheek), reconstruct the lip and cheek at the first
operation and build the nose only after a stable plat-
form is established.

Distant free flaps are the first choice for large,
complicated defects. Distant tissue provides bulk,
protects vital structures, revascularizes the wound,
and reconstructs a stable platform. At a later stage,

facial skin quality, border outline, and three-
dimensional contour are restored by using local
tissues and traditional nasal reconstructive tech-
niques. Distant tissue transfers are thus used only
for lining and support.

Treatment

The important facial landmarks, specifically, the
glabellar frown lines, the nasal midline, the nasal
subunits, the margin of the defect, old scars, the
nasolabial folds, and the philtrum columns and ver-
milion, should be clearly marked with ink. Compli-
cated cases are performed under general anesthesia
because local anesthesia with epinephrine is not
routinely used so as to avoid tissue distortion and
blanching, findings that may make tissue vascular-
ity more difficult to evaluate. A template of the
missing skin defect is fashioned in three dimensions
(using the defect itself, the contralateral normal
side, or an ideal unit) from an aluminum foil suture
pack or from quarter-inch tape strips covered with
collodion. Templates are invaluable in designing the
size and outline of skin cover, lining, and cartilage
requirements.

Nasal Cover

SMALL SUPERFICIAL DEFECTS. Full-thickness
preauricular, postauricular, or clavicular skin grafts
are used to resurface the thin skin of the upper two
thirds of the nose when only a millimeter or two of
subcutaneous fat is missing. With the exception of
full-thickness skin grafts from the forehead, skin
grafts invariably heal with a shiny, atrophic appear-
ance and they are thus avoided within the thick skin
zones of the tip and ala.

Figure 1 • The nasal subunits are adjacent topographic areas individually characterized by skin
quality, border outline, and three-dimensional contour. (From Burget G, Menick F: Aesthetic Recon-
struction of the Nose. St Louis, Mosby–Year Book, 1994.)
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For defects that extend through the subcutaneous
fat to the underlying cartilage framework but are less
than 1.5 cm in size, local adjacent tissue can be redis-
tributed as transposition flaps. A single-lobe trans-
position flap is useful within the upper two thirds of
the nose, whereas a bilobed flap is most successful
within the tip and ala. Both flaps are contraindicated
for larger defects because of insufficient residual
adjacent skin to redistribute over the nasal surface.

LARGE DEEP DEFECTS. Isolated alar defects that
extend to the lining require primary cartilaginous
support and can be reconstructed with a two-stage
nasolabial flap. If more than 50% of the alar skin 
is missing, the residual normal skin within the ala
is excised. A three-dimensional foil pattern of the
contralateral normal ala is designed to serve as a
template for skin cover. Septal or ear cartilage is
harvested. An alar cartilage batten is designed to
support and shape the alar rim and is sutured to
residual or repaired nasal lining. The skin template
is positioned along the ipsilateral nasolabial fold,
near the commissure, to ensure an adequate arc of
rotation to reach the alar defect. It is tapered prox-
imally to avoid an extension onto the nasal sidewall
and distally to allow excision of the dog-ear. The flap
is incised and elevated distally with 2 to 3 mm of
subcutaneous fat. The proximal dissection is carried
deeper to include all subcutaneous tissue up to the
facial musculature, thus preserving the underlying
perforators from the facial and angular artery. The
flap is transposed and inset. At 3 weeks, the pedicle
is divided flush with the cheek. The flap can be par-
tially reelevated and the underlying subcutaneous
tissue and scar sculpted to recreate the normal
shape of the ala lobule. It is wrapped inferomedially
to restore the alar base. The limited size, vascular-
ity, and arc of rotation restrict use of the nasolabial
flap to isolated alar defects that do not extend sig-
nificantly onto the nasal sidewall.

Because of its ideal skin quality, vascularity, and
position, the forehead flap is used for most signifi-
cant nasal reconstructions. Adjacent normal tissue
is excised within the subunit if the defect encom-
passes more than 50% of that subunit. A template is
precisely designed to replace the missing surface
skin. In a heminasal defect, the contralateral
normal side serves as a guide. In a more complex
repair, the ideal nose may be sculpted in clay on a
facial moulage of the patient.

The supratrochlear vessels (Fig. 2) are identified
with a Doppler probe lateral to the medial frown
crease. If the nasal defect involves the lateral part
of the nose, an ipsilateral pedicle is used. If the
defect occurs in the midline or is bilateral, either
pedicle can be used. The template is positioned ver-
tically over the appropriate supratrochlear pedicle
extended to the hairline. Its arc of rotation can be
increased by placing the columella extension within
the hair-bearing scalp or by incising its 1.2-cm
pedicle base across the eyebrow toward the medial

canthus, thus lowering its pivot point. The flap is
incised along its periphery and elevated full thick-
ness distally to proximally. After it is clear that the
flap is going to reach the recipient site without
tension, a decision is made to transfer it in two or
three stages. The forehead is multilaminar and 
consists of skin, subcutaneous tissue, the frontalis
muscle, and a thin areolar layer. It is thicker than
normal nasal skin, and the excessive bulk must be
excised during reconstruction. Initial thinning of 
the distal 2.5 cm of the flap at the time of transfer
should be limited to nonsmokers with small defects
that do not require complicated support or lining
replacement (Fig. 3). In complex repairs, especially
in smokers (and when a skin graft or a folded fore-
head flap is planned for lining), the forehead flap
should be left full thickness with all its vascular
layers. Primary cartilage grafts are placed if vascu-
larized intranasal lining is present or has been
restored. The use of cartilage grafts is contraindi-
cated at the first stage if skin grafts or a folded fore-
head flap is used for lining. The forehead donor site
is closed in layers after wide undermining in the
subgaleal plane.

At 3 weeks, if the distal aspect of the flap had
been thinned initially, the pedicle is divided and its
proximal component partially reelevated from the
inset to allow subcutaneous debulking and comple-
tion of the inset. The proximal pedicle is trimmed
and inset as a small inverted “V” in the glabella. 

If the flap is transferred as a full-thickness flap,
it is well healed in the recipient bed and is, in effect,
physiologically delayed. Forehead skin with 3 to 4
mm of subcutaneous fat can be elevated completely
off the nasal inset except for a few millimeters along
the columella. The underlying exposed subcuta-
neous fat, frontalis muscle, and scar are excised to
create a subcutaneous framework. Previously placed
primary cartilage grafts are remodeled if required.
Delayed cartilage grafts can also be placed if the

Supraorbital a.

Supratrochlear a.

Infratrochlear a.

Dorsal nasal a.

Angular a.

Corrugated
frontal
crease

Figure 2 • The vascular supply of the paramedian forehead flap
is provided by vertical vessels traveling from the medial aspect
of the brow based on the supratrochlear and supraorbital vessels.
(From Burget G, Menick F: Aesthetic Reconstruction of the Nose.
St Louis, Mosby–Year Book, 1994.)
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skin graft or folded forehead flap technique has been
used for lining. The sculpted forehead skin flap is
replaced on the recipient bed with quilting sutures
to close the dead space. At a third stage (3 weeks
later or 6 weeks after initial transfer), the pedicle is
transected and the inset completed.

Nasal Lining

Missing nasal lining has traditionally been replaced
by simply folding the distal end of the forehead flap
on itself. However, this technique results in a thick,
shapeless rim and precludes accurate placement of
a delicate, shaped cartilage support. Often, local
adjacent skin is turned over on the periphery of the
defect for lining. However, turnover flaps are thick,
stiff, and if longer than 1.5 cm, unreliable. Con-
versely, a forehead flap can be prefabricated by
placing a composite skin graft or a full-thickness
skin graft and a strip of cartilage under the forehead
at a preliminary operation. These techniques
require a delay to allow healing to occur before ini-
tiating nasal reconstruction, and they also limit the
surgeon’s ability to mold the lining and support
grafts into a nasal shape.

Large amounts of intranasal lining remain after
most nasal injuries. Unless injured by previous
trauma or nasal surgery, the septum is supplied
anterosuperiorly through anterior ethmoid vessels,
inferoposteriorly through septal branches of the

superior labial artery, and laterally by branches of
the facial and angular artery. A bipedicle flap of
residual vestibular skin may be incised in the area
of the intracartilaginous line and transferred inferi-
orly to restore the alar rim (Fig. 4). The flap is based
medially on the septal branch of the superior labial
artery and laterally at the alar base on branches of
the angular artery.

The entire ipsilateral septal mucoperichondrium
can also be elevated off the underlying septum and
transposed laterally on a 1.5-cm pedicle through
septal branches of the superior labial artery (see
Fig. 4). The contralateral septum can be hinged 
laterally and based dorsally on the anterior ethmoid
vessels.

In fact, the entire septum can be hinged out of the
piriform aperture to lie in front of the face by moving
bilateral septal mucoperichondrial flaps that sand-
wich septal cartilage and bone (see Fig. 4). Such
intranasal lining flaps require an intact blood supply.
They may be poorly tolerated in elderly or medically
ill patients because they are associated with
intranasal crusting and bleeding. In such cases, it
must be remembered that a full-thickness skin graft
vascularized on the undersurface of a forehead flap,
or conversely, a folded forehead flap can be used.

Small to moderate unilateral lining defects can be
repaired with intranasal lining flaps, a skin graft
under a forehead flap, or a modified folded forehead
flap. If intranasal lining flaps are chosen and resid-

Figure 3 • Because a forehead flap is thicker than nasal skin, its distal 
2 cm can be thinned by excising the frontalis muscle before initial inset. It
is, however, sometimes preferable to transfer the flap as a full-thickness
flap and thin it during an intermediate operation. (From Burget G, Menick
F: Aesthetic Reconstruction of the Nose. St Louis, Mosby–Year Book, 1994.)
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ual vestibular skin lies above the defect, this skin
can be incised in the area of the inner cartilaginous
line and transferred inferiorly as a bipedicle flap
based medially in the nasal septum and laterally in
the alar base to lie at the alar rim. This technique
moves the defect from the alar margin to the junc-
tion of the ala and nasal sidewall. The superior
defect can be repaired with the choice of an ipsilat-
eral septal mucoperichondrial flap, a contralateral
mucoperichondrial flap passed through a slit in the
intact ipsilateral septal mucoperichondrium after
harvesting a cartilage graft, or a full-thickness skin
graft. If residual vestibular skin is not available, 
the ipsilateral septal mucoperichondrial flap can be
transposed laterally to line the alar margin. In addi-
tion, a dorsally based contralateral mucoperichon-
drial flap moved through the nasal fistula created by
excision of septal cartilage and bone can be trans-
ferred to line the superior aspect of the defect.

To avoid intranasal manipulation, a small to mod-
erate unilateral lining defect can also be repaired
with a full-thickness postauricular skin graft (or 
by extension of the forehead flap) that is folded on
itself to supply both cover and lining. An exact
pattern of the lining defect is made and used to
harvest a full-thickness skin graft or design a lining
extension on the forehead flap. The full-thickness
skin graft is sutured to the lining defect and approx-
imated to the overlying full-thickness forehead flap
with temporary absorbable quilting sutures and an
intranasal sponge bolus dressing. In the folded
technique, the distal end of the forehead flap is
sutured to the lining defect and simply folded on
itself to create both lining and cover. Both tech-
niques preclude the placement of primary cartilage
grafts at this procedure. Three weeks later, at the
intermediate operation, the skin graft and the distal
extension of the forehead flap are vascularized. The

Figure 4 • Residual intranasal lining can be transferred as flaps to restore
missing lining in most nasal defects. (From Burget G, Menick F: Aesthetic Recon-
struction of the Nose. St Louis, Mosby–Year Book, 1994.)
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forehead flap with 2 to 3 mm of subcutaneous fat can
be elevated from the underlying skin graft or incised
completely along the alar margin to separate the
proximal cover aspect of the forehead flap from its
distal folded lining extension. Such skin grafts and
folded forehead flap lining replacements remain
supple and become highly vascularized. Excess sub-
cutaneous tissue and frontalis muscle are excised to
create a thin nasal lining on which delayed primary
cartilage grafts can be fixed to provide shape and
support.

Defects resulting from subtotal amputation are
reconstructed by using a composite septal flap based
on both the right and left branches of the superior
labial artery. The septum is incised deep into the pir-
iform aperture and backcut to leave a 1.5-cm pedicle
in the area of the nasal spine. A strip of cartilage
must be removed in this area to allow anterior rota-
tion of the septal flap and fixation to the remnants
of the upper lateral cartilage or nasal bones. This
step can be performed at a preliminary operation to
ensure vascularity. Two to 3 weeks later, after the
septal flap is healed, the septal lining is separated
in the midline and each mucoperichondrium hinged
laterally to provide lining of the septal vaults and
most of the tip. A small nasolabial flap or a hinged-
over remnant of the ala is needed to provide extra
lining for the alar base. Primary cartilage grafts can
be placed during forehead flap transfer.

Nasal Support

If missing, the supportive framework of bone and
cartilage must be replaced to support the soft

tissues, create a three-dimensional nasal shape,
maintain patent airways, and brace the reconstruc-
tion against scar contraction. Cartilage normally
does not exist in the ala. If the fibrofatty tissue of
the ala is removed, a support graft must be placed.
Depending on the defect, a dorsal graft buttress, a
sidewall brace, an alar margin batten, and anatomic
tip cartilage grafts can be positioned (Fig. 5). They
can be placed primarily if the intranasal lining is
intact or has been replaced. They can also be placed
during the intermediate operation after a skin graft
or folded forehead flap has become incorporated into
the residual nasal lining. Septal or ear cartilage and
rib (bone and cartilage) grafts are most often used,
depending on their availability and the reconstruc-
tive requirements. Delicate cartilage grafts with a
nasal shape are sutured to the nasal lining and to
each other. A dorsal bone graft is often fixed with
screws or a transnasal wire to the residual nasal
bones if a cantilever is needed.

During the intermediate operation, the rigid
skeletal framework is exposed after elevating the
“thin” forehead flap to permit direct surgical sculpt-
ing of the subcutaneous architecture.

Postoperative Care

Except for a forehead flap, most nasal repairs are
performed on an outpatient basis under local anes-
thesia and intravenous sedation. The intranasal
bolus dressing, in the case of a skin graft, is removed
at 48 hours.

Figure 5 • Primary or delayed grafts of cartilage or bone must be placed before the comple-
tion of reconstruction to shape and support the soft tissue against gravity and scar contracture.
Support must be present or must be restored to all nasal subunits. (From Burget G, Menick F:
Nasal support and lining: The marriage of beauty and blood supply. Plast Reconstr Surg 84:189,
1989.)
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Complications

Wound infection is rare, but the surgeon should be
alert to the possibility of loss of the internal lining
as its cause. If it does occur, primarily placed carti-
lage grafts are removed, the necrotic lining is
excised, and the raw surface of the full-thickness
forehead flap is skin grafted. Later, after the skin
graft lining is vascularized, the forehead flap is ele-
vated and the delayed primary support grafts
replaced.

Necrosis of the covering skin graft or flap is also
unusual. A small superficial defect is allowed to heal
secondarily. However, in a major nasal reconstruc-
tion with underlying cartilage grafts and lining
repair, the necrotic flap tissue is excised and the
resultant defect resurfaced with a second flap from
the cheek or forehead.

Pearls and Pitfalls

• Prepare. Analyze the defect both anatomically
and visually. List each available lining,
support, and cover option. Think the procedure
through mentally and visualize the end result.

• Assume that most patients wish to look
normal. Unless precluded by significant
medical illness, the patient’s appearance and

your reputation are better served by a first-
class reconstruction.

• If you are unfamiliar or unsure, refer the
patient to a more experienced surgeon.

• Be bold. Nasolabial and forehead flaps should
not be used as a last resort, but as the first
choice for many nasal defects.

• Add the three-stage forehead flap, the skin
graft–lining technique, and the folded forehead
flap to your armamentarium.

• Beware of tension. Although the flaps are well
vascularized, they must transpose easily into
the defect without tension.
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The midfacial skeleton and the overlying soft tissues
are responsible for facial contour. The maxilla is
closely related to the globe, nasal airway, and oral
cavity (Fig. 1), and it provides support to the
muscles of facial expression, mastication, speech,
and deglutition. Along with the cheek skin and
mucosa, it provides for oral competence and acts as
a reservoir for liquids and solids.

Midfacial reconstruction must replace the tissues
that are absent. Defects of the cheek that involve
only the skin or mucosa may be relatively simple to
reconstruct. However, if there are larger defects or
if multiple layers of the cheek or adjacent structures
such as the eyelid, nose, lips, mouth commissure,
and mandible or maxilla are involved, reconstruc-
tive procedures become correspondingly more
complex.

Treatment of Cheek Defects

The cheek is composed of an external skin layer,
muscles of facial expression, fat, and oral mucosa.
Most defects of cheek skin may be closed primarily.
The best results are usually achieved by hiding 
the final scar in natural skin lines. Some small and
most medium-sized defects require reconstruction
with skin grafts or local/regional flaps. For these
patients, facial contour, skin color, texture, and
appearance are of primary concern. In addition,
adherence to the principle of cheek subunits will
optimize the aesthetic results.

Split- and full-thickness skin grafts usually
undergo contraction and result in a patch-like effect;
therefore, they are suitable only for replacement of
the lower eyelid or the preauricular/temporal region
in the area of cheek flap donor sites. Local flaps
provide skin that is similar to that of the face in

terms of color and texture, and they are used for
medium-sized cheek defects. If a rotation or
advancement flap is selected, it should be oriented
properly to place the donor scar parallel to the
relaxed skin tension lines. Such orientation both
minimizes the scar and avoids traction on the lower
eyelid or nose. Mobilization of cervicofacial flaps and
myocutaneous flaps from the chest is usually
reserved for resurfacing larger external defects of
the cheek, for intraoral lining, or for full-thickness
defects. The disadvantages of regional flaps include
their bulk, the need for extensive dissection, a vas-
cular supply that is not always reliable, and the
necessity to skin graft the donor site. Furthermore,
because the arc of rotation is limited by the vascu-
lar pedicle attachments, they are occasionally not
able to reach the midface. Although it is possible to
use two regional flaps to separately reconstruct the
intraoral lining and external skin, the drawbacks of
such an approach include the requirement for two
or more operations, as well as the creation of a bulky
cheek that has poor functional and aesthetic results.

The Cheek, Malar Area, 
and Maxilla

PETER G. CORDEIRO
ERIC SANTAMARIA

Figure 1 • The maxilla resembles a hexahedron that contains
the maxillary antrum. The roof of the maxilla is the floor of the
orbit. The floor of the maxilla is the hard palate. The medial wall
is part of the nasal cavity and, together with the anterior, pos-
terior, and lateral walls, forms the vertical buttresses.
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Treatment of Midface/Maxillary
Defects

Defects after resection of the maxilla and adjacent
soft tissues may be classified as follows:

Type I defects (limited maxillectomy) include
resection of one or two walls of the maxilla,
excluding the palate. In most patients, the
anterior wall is partially removed with either
the medial wall or the orbital floor (Fig. 2).

Type II defects (subtotal maxillectomy) include
resection of the maxillary arch, palate, and
anterior and lateral walls (lower five walls),
with preservation of the orbital floor (Fig. 3).

Type III defects (total maxillectomy) include
resection of all six walls of the maxilla. This
type of defect is subdivided into type IIIa, in
which the orbital contents are preserved (Fig.
4), and type IIIb, in which the orbital contents
are exenterated (Fig. 5).

Type IV defects (orbitomaxillectomy) include
resection of the orbital contents and the upper
five walls of the maxilla, with preservation of
the palate (Fig. 6).

This classification assists in reconstruction of
maxillectomy and midfacial defects by emphasizing
the relationship between volume and surface area
requirements. A logical sequence is to address the
bony defect first and then thoroughly assess the
associated soft tissue, skin, palate, and cheek lining
deficits.

Limited maxillectomy defects (type I) have small
volume and large surface area requirements. If 

A D

B C

Figure 2 • Type I defect (limited maxillectomy). Resection includes the anterior and medial walls of the maxilla in combination with
skin and soft tissue of the cheek (A and B). Such resection creates a large surface area/low volume defect. The radial forearm fas-
ciocutaneous flap (C) provides multiple large skin surface areas with minimal volume to resurface the anterior aspect of the cheek
and the medial nasal lining (D).

Microvascular free flaps are generally indicated
for reconstruction of large defects involving the
external skin, intraoral lining, or both. They are
essential if resections have also included the maxilla
or mandible.

Large external defects require a significant
amount of thin pliable skin with minimal underly-
ing soft tissue. The radial forearm fasciocutaneous
flap is ideal for these situations because it provides
an adequate quantity of skin with minimal bulk.
Depending on the amount of soft tissue bulk
required, the lateral arm flap, anterolateral thigh
flap, and scapular flap are satisfactory options.

Intraoral lining defects that span the maxillary
and mandibular sulci require a microvascular free
flap. A radial forearm free flap provides thin pliable
skin to resurface this area. The flap may also be neu-
rotized to enhance recovery of sensation in this
tissue by anastomosing the lateral antebrachial
cutaneous nerve to a sensory nerve in the recipient
area.

Full-thickness defects of the cheek require at
least two skin islands to resurface the inner lining
and provide external coverage. The folded radial
forearm fasciocutaneous flap is the first choice for
small through-and-through defects. Larger resec-
tions of the cheek associated with segmental
mandibulectomy, as well as partial maxillectomy/
orbitectomy, are best reconstructed by using the
rectus abdominis free flap with multiple skin
islands. If the commissure of the mouth is resected,
it should be reconstructed with a local switch pro-
cedure from the intact opposite lip and not with a
portion of the free flap. The free flap should be
reserved for reconstruction of the intraoral and
external skin defects.
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critical segments of bone are missing (such as the
orbital rim or anterior floor of the orbit), nonvascu-
larized bone grafts provide the needed support. The
radial forearm flap provides satisfactory external
skin coverage of the cheek and minimal bulk with
the availability of multiple skin islands that can be
deepithelialized to improve contour, wrap around
bone grafts, or supply nasal lining (see Fig. 2).

Subtotal maxillectomy (type II) defects have
medium volume and large surface area require-
ments. For reconstruction of such defects, the osteo-

cutaneous radial forearm flap provides an ample
skin segment that is folded over to line the mucosal
surface of the palate, as well as the nasal floor. The
vascularized bony strut provides support to the
upper lip, helps to maintain anterior projection, and
also provides adequate bone stock for future dental
osteointegration (see Fig. 3). The folded osteocuta-
neous forearm free flap is an excellent solution for
soft tissue maxillary defects or bilateral subtotal
maxillectomies, especially in patients who have
intact external lip structures.

B
C

DA
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B

C D

Figure 3 • Type II defect (subtotal maxillectomy). Resection includes the lower five walls of the maxilla, including the palate and
nasal lining, but sparing the orbital floor or roof of the maxilla (A and B). Such resection creates a large surface area/medium volume
defect. The radial forearm osteocutaneous “sandwiched” flap provides a large skin surface with vascularized bone and moderate
volume (C). The strut of vascularized bone is used to reconstruct the anterior maxillary arch, and the two skin islands are sand-
wiched around the bone to replace palatal and nasal lining (D).

Figure 4 • Type IIIa defect (total maxillectomy with sparing of the orbital contents). Resection of bone in combination with the
hard palate and nasal lining creates a medium surface area/medium volume defect (A and B). A nonvascularized bone graft from
rib or cranium is rigidly fixed to reconstruct the floor of orbit and is covered with a single–skin island rectus abdominis myocuta-
neous flap (C). The skin island of the free flap is used to close the palate and provide soft tissue to fill in the midfacial defect and
muscle to cover the bone graft (D).
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Total maxillectomy defects with sparing of the
orbital contents (type IIIa) have medium to large
requirements for both volume and surface area.
Functional necessities in these defects include
support of the orbital contents and reconstruction of
the palate. Unless the orbital floor is adequately
reconstructed, the orbital contents sink into the
cheek, thereby resulting in dystopia, diplopia, and
an essentially nonfunctional eye. Reconstruction of
the orbital floor can be effectively addressed with
nonvascularized bone grafts. The bone graft must be
sandwiched between a healthy flap (either a rectus
abdominis or temporalis flap) and the orbital con-

tents above. In addition to providing coverage of the
bone grafts, the multiple skin islands of the rectus
abdominis free flap may be used for palatal closure
or external skin/nasal lining (or for both) as needed
(see Fig. 4).

Total maxillectomy defects with orbital exentera-
tion (type IIIb) are extensive and have large volume
and large surface area requirements (see Fig. 5).
The palate needs to be closed, the nasal lining
(medial wall of maxilla) must be restored to main-
tain a patent airway, and the external defect is often
extensive and involves the eyelids, cheek, and occa-
sionally the lip. In addition, the anterior cranial

A
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Figure 5 • Type IIIb defect (total maxillectomy with resection of the orbital contents). Resection includes the entire maxilla and
palate, in conjunction with the external eyelid, cheek skin, and orbital contents. Such resection creates a large surface area/large
volume defect (A and B). A three–skin island rectus abdominis myocutaneous flap (C) is used to resurface the external skin,
palatal defect, and nasal lining. Muscle and soft tissue are used to fill in the soft tissue deficit (D).

Figure 6 • Type IV defect (orbitomaxillectomy). Bony resection includes the upper five walls of the maxilla along with the orbital con-
tents, eyelids, and cheek skin (but sparing the palate). Such resection creates a large surface area/large volume defect (A and B). A
single–skin island rectus abdominis myocutaneous flap (C) is used to resurface the external defect with skin and muscle, and subcu-
taneous fat is used to fill in the soft tissue deficit (D).
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base in the area of the sphenoid is often exposed,
and coverage of the brain becomes critical. If the
external skin of the cheek is intact, a free rectus flap
with a skin island is used to close the palate and
provide a straightforward solution (see Fig. 5). If the
flap is not bulky, a second skin island can be used to
restore the lateral nasal wall. A third skin island can
provide closure of the external skin deficit (see 
Fig. 5).

Orbitomaxillectomy defects (type IV) are generally
large volume/large surface area defects. Because the
palate is usually intact, the reconstructive objectives
consist primarily of soft tissue fill and external skin
resurfacing (see Fig. 6). The rectus abdominis flap
effectively provides all of these features, and the
length of the vascular pedicle can be extended up to
18 to 20 cm to reach the donor vessels in the neck
without the need for interpositional vein grafts.

Pearls and Pitfalls

• For cheek defects, closure with local tissue (i.e.,
local flaps or cervicofacial flaps) provides the
best aesthetic results. Distant flaps, including
pedicle and free flaps, yield a less ideal color
and texture match.

• Suspension of flaps by using incorporated
fascia, tendon, or bone prevents long-term
ptosis and gives more functional results.



This chapter reviews the tenets of reconstruction of
the lips and provides a classification system that can
assist in rendering appropriate care. The recon-
structive choices represent those that are reliable
and are most likely to fulfill the reconstructive and
aesthetic goals specific to each defect.

Etiopathogenesis

Most malignant neoplasms of the upper lip are basal
cell carcinomas, whereas malignancies of the lower
lip tend to be squamous cell carcinomas due to
chronic exposure to the sun. The nature of the tumor
plays a role in overall therapy. Basal cell carcinomas
of the upper lip, unless very large, do not metasta-
size and thus may not require as large an excisional
margin (minimum of 5 mm of normal tissue) as do
lower lip tumors, which may metastasize, especially
when the commissure is involved.

Reconstruction of the lips and commissure is also
indicated after thermal and electrical burns.

Pathologic Anatomy

Knowledge of the topographic landmarks (Fig. 1)
and the underlying muscles, vessels, and nerves of
the lips and cheeks is essential when planning any
reconstructive procedure.

The lips are approximated through the action of
the orbicularis oris muscles. The deep elements of
the orbicularis constrict the lips to the level of the
alveolar arch, whereas more superficial elements
(incorporating decussating fibers of the buccinator
muscle) purse and protrude the lips. The primary
upper lip elevator is the levator labii superioris
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muscle. The lateral aspect of the lip is elevated by
the zygomaticus major and the levator angularis
oris muscles, whereas the risorius and buccinator
are accessory muscles. The primary lip depressor is
the depressor labii inferioris with a secondary effect
by the platysma and a somewhat lateral effect pro-
vided by the depressor angularis oris. The elevators
of the lower lip, as well as the muscle that maintains
central lower lip position, are the paired mentalis
muscles, which insert into and give bulk to the
central chin pad. It should be noted that the sphinc-
teric function of the orbicularis oris muscle is inde-
pendent of the other accessory muscles of facial
expression.

The primary motor nerves of the lips are the
buccal and marginal mandibular branches of the
facial nerve, and sensory innervation is provided
primarily by the infraorbital nerve and the mental
rami of the trigeminal nerve.

The arterial supply is via the superior and infe-
rior labial arteries off the external maxillary (facial)

Lip and Oral Commissure
Reconstruction
NORMAN M. ROWE
BARRY ZIDE

Figure 1 • Surgical topographic landmarks of the lips. 
1, philtral columns; 2, philtral dimple; 3, Cupid’s bow; 4, white
roll; 5, tubercle; 6, commissure; 7, vermilion. (From McCarthy
JG [ed]: Plastic Surgery, vol 3. Philadelphia, WB Saunders,
1990, p 2009.)
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artery, which is derived from the external carotid
artery. Venous drainage is provided by the anterior
facial vein with lymphatic drainage via the sub-
mandibular and submental basins.

Goals of Reconstruction

The aims of lip reconstruction are to achieve 

• Skin coverage 
• Oral lining 
• Vermilion 
• An adequate stomal diameter 
• Sensation 
• A competent oral sphincter 

Choices for lip reconstruction, in descending order
of preference, are the remaining lip, the opposite lip,
the adjacent cheek, and distant tissue.

Vermilion

Vermilion defects can be treated with a variety of
techniques (Table 1). Small, isolated vermilion
defects are best treated with mucosal advancement
(lip shave), which can often be accomplished simply
with a V-Y advancement. Disadvantages include
loss of lip pout and a resulting inward pull at 
the mucosal-squamous junction. Alternatively, the
mucosa can be advanced as a bipedicled flap and the
donor site allowed to heal secondarily, a technique
that may pull in the lip but usually to a lesser
degree. The entire vermilion can also be elevated as
a unipedicled flap based on the labial artery and
used to close isolated vermilion defects. Bilateral
flaps can be used to close central defects.

Pedicled vermilion flaps can also be used as a
staged procedure to repair defects of the opposite lip.
If adequate vermilion is not available, a mucosal
flap is used, but the color match of the mucosa for

the neovermilion is less than optimal. A facial artery
musculomucosal flap (FAMM) based on the facial
artery can also be used and can include mucosa, sub-
mucosa, and the buccinator muscle, as well as the
facial artery and its venous plexus. It has superior
color match with minimal donor site morbidity, but
the mucosa tends to be too smooth in texture.

If labial or buccal mucosa from either lip is not
available, a pedicled tongue flap is the next source
of donor tissue, although its use results in color and
texture mismatch. The flap may be based posteriorly
or, less commonly, anteriorly. The flap is usually
divided after 2 weeks. Other options include full-
thickness grafts of palatal mucosa. These grafts are
for minor contour and size defects and must be
placed well posterior to the wet-dry line because of
color mismatch.

For total lip defects, including vermilion defects,
medical tattooing of a microvascular free flap is a
technique of last resort.

Lower Lip Reconstruction

The lower lip has a less obvious central structure
than the philtral columns of the upper lip (although
it is usually concave below the vermilion), and there-
fore it may sustain greater loss without the distor-
tion seen in the upper lip. This anatomic finding
permits harvesting of larger amounts of tissue for
upper lip reconstruction.

Lip defects must be quantified and systematically
approached. Lower lip defects are usually divided
into thirds, with total lip reconstruction being a 
separate subcategory (Table 2).

Defects Less than a Third of 
the Lower Lip

These defects are usually amenable to primary
closure. It is important to realign the essential lip
elements to reestablish balance and function. When
involved, the muscle should be reapproximated. 
Surgical excision should follow a straight wedge, an
M-plasty base, or a wedge that extends along the
labiomental fold laterally. Wedge excision that
includes the muscle is sometimes not necessary if
some muscle can be salvaged.

Defects between a Third and 
Two Thirds of the Lower Lip

Larger defects can often be treated with a cross lip
flap. As much as 2 cm of the lateral portion of the
upper lip may be harvested with little donor site
morbidity. With this technique, the philtral columns
shift slightly to the donor area. The flap is tradi-
tionally designed half as wide as the defect and is
based on the labial artery. If the artery is damaged,
the flap can be transferred on a 1-cm mucosal

TABLE 1 Treatment of Vermilion and

Commissure Defects

Vermilion defects Mucosal advancement
Vermilion flap
Facial artery 

musculomucosal flap
Tongue flap
Medical tattoo

Commissure defects Vermilion flap
Tongue flap
Orbicularis oris muscle flap
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pedicle. Cross lip flaps can be safely divided at 9 to
12 days.

Defects of the commissure (see Table 1) or lateral
part of the lower lip are well suited for reconstruc-
tion with an Estlander flap. The lateral portion of
the upper lip is rotated around the commissure to
repair defects of the lower lip (Fig. 2). The technique
may be used in conjunction with a lower lip medial

TABLE 2 Treatment of Upper and Lower Lip Defects

LESS THAN BETWEEN ONE THIRD GREATER THAN TOTAL LIP 
ONE THIRD AND TWO THIRDS TWO THIRDS RECONSTRUCTION

Lower lip Primary closure Primary closure Karapandzic’s flap Nasolabial and mucosal flaps
defects Abbé’s flap Webster’s Bernard-Burow Cervicofacial flap

Estlander flap cheiloplasty Microvascular free flap
Step reconstruction

Upper lip Primary closure Abbé’s flap Microvascular free flap
defects Reverse Estlander flap

Cheek advancement, 
transposition on composite
(Yotsuyangi’s) flap

Figure 2 • The Estlander flap is based on the lateral upper
lip elements around the commissure to repair defects of the
lower lateral aspect of the lip. It may be used in addition to a
lower lip medial advancement to close larger defects. (From
McCarthy JG [ed]: Plastic Surgery, vol 3. Philadelphia, WB
Saunders, 1990, p 2022.)

Figure 3 • The step method of reconstruction: each hori-
zontal step measures half the defect; at least two to three
steps are required to close the defect. (From McCarthy JG [ed]:
Plastic Surgery, vol 3. Philadelphia, WB Saunders, 1990, p
2018.)

advancement for a defect measuring two thirds of
the lower lip. However, the commissure is blunted.

A step method of reconstruction can be used for
lower lip defects. Each horizontal step measures half
the defect so that at least two to three steps are
required to close the defect (Fig. 3). When combined
with other methods, it can be used for total lip recon-
struction, but the incisions are inevitably noticeable.

Defects Greater than Two Thirds of 
the Lower Lip

The Karapandzic flap is a rotation flap of the upper
lip and lateral aspect of the cheek/lip that maintains
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a neurovascular pedicle to preserve sphincter func-
tion (Fig. 4). This technique is best used for central
defects involving less than the total lower lip (80%)
and sparing the commissure. The main disadvan-
tage of this technique is the potential for micro-
stomia, which requires correction by either a
teeth-bone appliance or a commissuroplasty.

The Bernard-Burow cheiloplasty involves full-
thickness excision of four triangles, two from the
cheek at the level of the alar rim and two at the level
of the oral commissure (Fig. 5). The two cheek flaps
are advanced and joined at the midline. The mucosa
in the labiobuccal sulcus is advanced for recon-
struction of the vermilion. Important modifications
of the flap include (1) excision of only skin and sub-
cutaneous tissue to maintain innervated flaps, (2)
positioning of the superior triangular excisions 
laterally in the nasolabial fold instead of next to the
commissures, and (3) positioning of the inferior tri-
angular incision more medially near the menton.
The technique has been further modified by placing

Figure 4 • The Karapandzic flap maintains a neurovascular pedicle to the two rotation flaps to preserve sphincteric function. This
method works best with central defects involving less than the total lower lip (80%) and not involving the commissures. (From
McCarthy JG [ed]: Plastic Surgery, vol 3. Philadelphia, WB Saunders, 1990, p 2023.)

the triangular areas of excision at the upper lip 
vermilion.

Total Lower Lip Reconstruction

Total lower lip defects have historically been
managed with local and regional flaps, with mixed
results. Microsurgical tissue transfer has, however,
emerged as the preferred technique. The most com-
monly used flap is the radial forearm free flap, a 
thin pliable flap that can be folded on itself to
provide both lip lining and cover. It can be trans-
ferred with the palmaris longus tendon, which when
suspended to the maxilla or, more commonly, the
zygoma, can act as a sling to provide oral com-
petence. Microvascular anastomoses are typically
performed to the facial, lingual, or transverse cervi-
cal artery, along with the facial or external jugular
vein. Secondary refinements include tattooing of the
vermilion and hair transplantation to recreate a
beard.
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The Upper Lip

The concept of the aesthetic subunit principle can 
be applied to lip reconstruction by subdividing the
upper lip into aesthetic units. The lateral subunits
are composed of the philtral column, nostril sill, alar
base, and the nasolabial crease, whereas each
medial subunit consists of half of the philtrum. The
most aesthetically pleasing donor tissue for upper
lip reconstruction is the lower lip, that is, a cross lip
flap, which can often spontaneously reinnervate.

Philtral Defects

Philtral defects are best divided into defects greater
than or less than 50%. Defects less than 50% can
generally be closed primarily to provide a narrow,
albeit satisfactory, philtrum. If the defect is only
cutaneous, a full-thickness skin graft can give excel-
lent results.

Philtral defects greater than 50%, especially if the
vermilion is involved, are well suited to an Abbé flap
reconstruction. Care should be taken to harvest the
Abbé flap from the center of the lower lip because it
results in a more favorable scar. This lower lip scar
often benefits from a small Z-plasty.

Defects Less than a Third of 
the Upper Lip

Direct primary closure with meticulous attention to
anatomic alignment is the procedure of choice (Fig.
6). Care should be taken because the vermilion
tapers laterally. Small vermilionplasties may be 
necessary to equalize the height of the vermilion on
each side.

Defects between a Third and Two
Thirds of the Upper Lip

For defects involving a third of the upper lip and
central in location, an Abbé or cross lip flap remains
the best option. A similarly sized defect more later-
ally situated can be treated with perialar crescentic
excisions and cheek advancement (Webster’s tech-
nique). A larger, superiorly based nasolabial flap can
also be used; however, these flaps require secondary
debulking.

Defects closer to two thirds of the upper lip and
central in location can be treated with an Abbé flap
in addition to bilateral cheek advancement. The
Abbé flap should be placed centrally to mimic the
philtrum. As an alternative, bilateral Yotsuyanagi
flaps (1998) based on the angular arteries can recon-
struct two-third defects of the upper lip. This flap

Figure 5 • The Webster modification of the Bernard-Burow cheiloplasty involves full-thickness excision of
four triangles, two from the cheek at the level of the alar rim and two at the level of the oral commissure.
The two cheek flaps are advanced and joined at the midline. The mucosa is mobilized to form a vermilion.
(From McCarthy JG [ed]: Plastic Surgery, vol 3. Philadelphia, WB Saunders, 1990, p 2020.)
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can be used to replace the entire lateral subunit of
the upper lip. For more lateral defects of the upper
lip located near the commissure, reverse Estlander
flaps also provide excellent results.

Reconstruction of Hair-Bearing Tissue

In male patients, the results of lip reconstruction
can be disappointing because of either absence of
hair or, as in the case of cross lip flaps, hair growth
in the opposite direction. For patients with absent
hair growth, hair transplantation can be a satisfac-
tory option. Even if the hair is shaved, the stubble
hides scars and adds natural texture to the skin.

The entire upper lip can be resurfaced with a
hair-bearing microvascular free flap that can be
based on the superficial temporal vessels. It pro-
vides beard and bulk to the upper lip, albeit exces-
sive in volume.

Pearls and Pitfalls

• Lower lip support is essential to prevent drool-
ing. A static or dynamic sling may be created
to accomplish this task.

• The upper lip hangs like a window shade and
is less important for oral hygiene.

• Vermilion reconstruction must result in a sat-
isfactory color and texture match.
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Figure 6 • The white roll should be incised at 90 degrees 
to prevent postoperative notching. (From McCarthy JG [ed]:
Plastic Surgery, vol 3. Philadelphia, WB Saunders, 1990, p
2014.)



State-of-the-art mandible reconstruction demands 
a comprehensive, multidisciplinary approach to
address the oncologic, structural, and aesthetic
requirements of restoring mandibular function and
form. Such reconstruction is facilitated by microvas-
cular free tissue transfer. The application of distant
free tissue transfer to this anatomic site enables the
extirpation of large defects, the use of aggressive
adjunctive therapies, and reconstruction within the
hostile environment of the oral cavity in an aes-
thetically satisfying manner. The ability to satisfy
these goals has been made possible by a move away
from nonvascularized bone grafts and exotic flaps
toward the use of defined, limited, and, therefore,
reliable treatment options to reconstruct the vast
majority of defects. Future goals include an expan-
sion in the use of osseointegrated implants and
perhaps even the use of tissue engineering as an
adjunct to guide the creation of prefabricated
mandibular replacements.

Etiopathogenesis

Most mandible defects result from the extirpation of
an intraoral malignancy. The necessity for partial or
total mandibulectomy most often results from the
close anatomic proximity of the lesion to the
mandible. The mandible is resected either to attain
clear margins or to excise areas of involvement of
the bone with cancer. The most common tumor type
in Western countries is squamous cell carcinoma
(SCC) of the oropharynx; other tumors can include
ameloblastomas and related odontogenic tumors,
osteosarcomas, and fibrous dysplasia. Additional
nonmalignant causes include osteoradionecrosis,
infections, traumatic injuries, and congenital
defects.

A relative indication for mandibular reconstruc-
tion is osteoradionecrosis, a potential complication
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with an incidence as high as 40% after any modal-
ity of irradiation. Risk factors for the development
of osteoradionecrosis include dental extractions in
the peri-irradiation period, poor hygiene, gingival
disease, and tobacco use. Osteoradionecrosis char-
acteristically develops after an overt injury or sub-
clinical infection, when the impaired healing
capacity of the irradiated bone becomes evident. The
mandible is particularly susceptible to radionecrosis
because of the bone-weakening effects of tooth decay,
the high intraoral bacterial counts, and altered oral
environment as a result of radiation-induced xeros-
tomia. The end result is a sequestrum of infected
bone, with or without a draining fistula. Although
nonoperative therapies such as intensive oral care,
fluoride rinses, management of xerostomia, and
hyperbaric oxygen may be successful, surgery is
occasionally required.

Traumatic defects are commonly seen after high-
velocity missile/gunshot injuries. A common cause is
a failed suicide attempt with a shotgun placed under
the jaw. These patients have traditionally been
treated with nonvascularized bone grafts and gap-
spanning reconstruction plates. Although short-
term outcomes may be adequate, an increased use
of microvascular free tissue transfer is associated
with fewer secondary complications (osteomyelitis,
plate exposure) than observed with the use of recon-
struction plates.

Pediatric mandibular diseases are typically
benign and do not require the extensive resections
that demand major reconstructive efforts as in adult
patients. However, malignancies do occur, and many
of the same principles seen in adults are also applic-
able to pediatric mandibular reconstruction. Sarco-
mas are the most common pediatric mandibular
malignancies and include rhabdomyosarcomas and
osteosarcomas. Given the concern of delayed or
insufficient mandibular growth after mandibular
reconstruction, distraction techniques may be more
widely available as an option in the future; however,
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these techniques may not always be possible in
patients who have received radiotherapy.

Congenital causes are covered in another chapter
(“Craniofacial Microsomia”). Most of these patients
are best treated by distraction, but a certain pro-
portion may require transport of vascularized bone
to the mandible. Occasional patients with congeni-
tal or acquired temporomandibular joint ankylosis
may also require surgical correction of the patho-
logic arthrodesis.

Pathologic Anatomy

The mandible defines the lower third of the face. It
is a massive, curved bone that articulates with the
craniofacial skeleton posteriorly at the temporo-
mandibular joint. It is a multifunctional structure,
having an impact on speech, chewing, and swal-
lowing. In structural terms, loss of this buttress
causes collapse of the soft tissues of the lower part
of the face.

The bone consists of thick structural (basilar) but-
tresses and overlying thinner segments. The alveo-
lar ridge is thick to support the teeth—an important
implication for the outcomes of treatment of oral
malignancies. In edentulous patients there is typi-
cally atrophy of the alveolus. The need for a thick
bony ridge to support the teeth is underscored by 
the necessity for adequate bone stock to support
intraosseous dental implants, a requirement that
has an impact on the choice of donor tissue. Restora-
tion of the continuity of bone after segmental resec-
tion of the mandible is essential to maximize both
aesthetic and functional outcomes.

In regard to oncologic scenarios, the mandible has
several characteristics that are important in deter-
mining how or whether a proximate lesion invades
the bone. In general, the presence of teeth is a favor-
able prognostic indicator because intact dentition, to
some degree, impedes tumor invasion. The occlusal
surface of the mandible is the main portal of entry
of SCC cells into nonirradiated bone, a finding that
means that tumor cells must travel a greater dis-
tance from the gingiva to reach this area in a tooth-
bearing mandible; moreover, the teeth, along with
the periodontal ligament, serve to impede invasion.
Irradiation alters the protective barrier of the
periosteum, thereby facilitating invasion through a
broader area than solely the occlusal surface. 

The muscles attached to the mandible include the
masseter, temporalis, internal and external ptery-
goids, and the suprahyoid group of muscles. These
muscles exert powerful biomechanical stresses that
have an impact on the reconstruction plan. For
example, the high forces of torsion present in lateral
and angle defects may eventually fatigue and frac-
ture reconstruction plates if used in isolation to span
a defect; hence, this method of reconstruction has
proved to be inadequate in this area.

Other associated structures and tissues of the
mandible are of clinical importance. The inferior
alveolar nerve runs through the lower border of the
mandible and ultimately supplies sensation to the
skin of the chin and ipsilateral teeth. The blood
supply to the mandible is mostly derived from
periosteal perforators originating from the thick
muscles inserting on the mandible. The mucosal
surfaces of the inner aspect of the mandible are
lined with keratinized epithelium. The skin on the
face has a rich blood supply, with a thin, but signif-
icant, layer of subcutaneous fat that helps soften the
edges of the underlying bony framework without
masking the contour of the lower jaw. These soft
tissues, as well as the bone, may be affected by radi-
ation therapy and are susceptible to problems such
as infection, fistula formation, intraoral bone or
hardware exposure, and major vessel erosion. In the
case of oral lining, scarring or insufficiency results
in impairment of tongue mobility and potential
obliteration of the sulcus.

Most defects can be categorized as affecting the
skin, mucosa, or bone. They can also be described
anatomically as anterior or lateral or involving the
condyle, with the location of the defect having a
varying impact on form and function. Classification
systems are useful for comparative and longitudinal
outcome studies. The modified Jewer classification
system is useful (Fig. 1). Bony reconstruction of the
anterior defect prevents the “Andy Gump” deformity
by supporting the structures of the floor of the
mouth, specifically, the hyoid musculature, and min-
imizes problems with labial/oral competence and
swallowing. Loss of a lateral or posterior mandibu-
lar segment results in deviation of the mandible
because of the unopposed action of the contralateral
masticatory muscles, and in time such loss results
in problems with occlusal relationships. These
changes are easier to prevent than to correct once
established.

The composite requirements vary between
patients according to the defect, and therefore the
reconstruction needs to be tailored to the specific
defect in terms of osseous requirements and soft
tissue characteristics. Table 1 lists the characteris-
tics of the major anatomic donor sites available for
reconstruction of composite mandibular defects.

Diagnostic Studies

Preoperative evaluation commences with a patient
history and physical examination. For the patient
with a mandibular malignancy, the original tumor
and its extent, previous ablative surgery, radiation
therapy and chemotherapy, and comorbid conditions
are important. A patient with a history of tobacco
use needs to be informed of the resulting higher rate
of complications, both local and systemic. Nutri-
tional parameters likewise need to be ascertained.
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Intraoral examination should detect synchronous
lesions and evaluate the structures involved. In both
posttraumatic and oncologic defects, the condition of
the dentition, occlusion, and functional deficits,
including sensory or motor loss, should be assessed.
Examination of the neck is useful to note any pre-
vious neck dissections. Examination of potential
donor sites is performed systematically, with
emphasis placed on evaluating the presence of
pulses in the extremities, as well as the quality and
thickness of the skin.

Radiographic Studies

The most useful films are the panoramic series and
computed tomography (CT). They are complemen-

tary in assisting both the reconstructive surgeon
and the extirpative team. Magnetic resonance
imaging may be useful to determine soft tissue
involvement in patients with oral tumors, but it is
of limited practical use for the reconstructive
surgeon. Bone scans are occasionally used to deter-
mine nonviable segments of mandible in the case of
osteoradionecrosis. A panoramic roentgenogram is
essential not only for posttraumatic defects but also
for segmental resections.

If a fibula free flap is being considered, an
angiogram evaluates for a possible peroneus
magnus anomaly. However, the authors believe that
an angiogram is unnecessary in otherwise healthy
candidates without a history of peripheral vascular
disease, diabetes, or smoking. An angiogram may be

C

L H

A B C

D

S = Skin

O = Osseous

M = Mucosa

Figure 1 • The Jewer classification system divides mandibular defects as hemimandibular (A), lateral (B), or central (C).
This has been modified to document mucosal, osseous, or skin defects. A mandibular defect can therefore be classified as
a combination of any of these components (D).
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required in patients with a history of claudication or
diminished pulses or in those with aberrant ankle-
brachial indices. Promising options to avoid the
invasiveness and risks associated with traditional
angiography are magnetic resonance angiography
and contrast-enhanced CT angiography.

Dental Studies

Dental consultation should be obtained in most
cases. If the patient is to receive radiation therapy,
preoperative extraction of teeth with significant
periodontal disease is advised to prevent postopera-
tive osteoradionecrosis. The oral cavity should be
examined and note made of preoperative xerosto-
mia, insensate areas, and the use of dentures and
implants.

Reconstructive Goals

Reconstruction of a mandibular defect is an archi-
tectural endeavor that needs to satisfy structural,
functional, and aesthetic goals. Achieving these
goals is possible only when both the bony and soft
tissue (skin, muscle, mucosa) components are
restored.

The structural goals are accomplished in most
instances by restoration of the continuity of the
mandibular arch; one exception is a posterolateral
defect in an elderly patient without a high load
demand on the mandible. If primary closure of the
soft tissues can be achieved, the fibrous union and
subsequent cicatrization of the surrounding tissues
into the defect can suffice as a structural patch to
allow adequate function of the mandible. However,
in most cases, formal reconstruction is required.

The functional deficits after the varied resections
of the mandible are numerous and merit further
investigation to quantitate the patterns in loss of
specific oral functions resulting from the loss of dif-
ferent segmental areas of the mandible. Historical
experience with unreconstructed mandibular de-
fects has starkly exposed the debilitating loss of oral
sphincter function, inability to masticate properly,
and alterations in speech production. Restoring the
continuity of the mandibular arch is therefore criti-
cal for preservation of oral function.

Aesthetic restoration of the lower third of the face
is as important as restoration of structure and func-
tion. The most important advance in mandibular
reconstruction has been the achievement of a neo-
mandible that mimics the contour of the patient’s
native mandible and permits seamless reintegration
of the patient into previous routines of daily living.

In addition to the aforementioned objectives, a
well-planned reconstruction assists in the oncologic
management of patients. The oncologic goals are to
permit resection of tumors that historically could
not otherwise be resected, allow timely delivery of
radiation and other adjuvant treatments, and
return patients to their environment in the shortest
time possible. The reconstruction must never delay
or compromise adjunctive oncologic care.

All effort should be invested in avoiding a delayed
reconstruction. Although defects caused by severe
trauma and infection are not always amenable to
immediate reconstruction, coordinated and timely
reconstruction after ablative surgery has been
shown to avoid the pitfalls associated with delayed
reconstruction, which include cicatrix formation,
retraction, and tethering of the surrounding soft
tissue. Once present, the secondary sequelae are not
fully correctable. Occasionally, a delay in recon-
struction may be necessary for reasons of infection,
for concerns regarding tissue viability, or when other
life-threatening injuries take precedence, as in some
gunshot injuries. These cases are salvaged with a
reconstruction plate, which assists in healing and

TABLE 1 Anatomic Characteristics of 

Major Donor Sites Used for Mandibular

Reconstruction

FIBULA FREE FLAP

Pedicle Peroneal artery and 
vein

Pedicle length 15 cm
Innervation possible? Lateral sural 

cutaneous nerve
Bone length available 22–27 cm
Suitability for implants Yes
Skin paddle arc of rotation Moderate
Skin paddle size (maximum) 15 ¥ 27 cm
Ability to perform osteotomies Yes

SCAPULAR FREE 
FLAP

Pedicle Circumflex scapular 
artery and vein

Pedicle length 6 cm, can be 
extended to 10 cm

Innervation possible? No
Bone length available 14 cm
Suitability for implants Marginal
Skin paddle arc of rotation Moderate
Skin paddle size (maximum) 20 ¥ 7 cm
Ability to perform osteotomies No

ILIAC CREST FREE 
FLAP

Pedicle Deep circumflex 
iliac artery and vein

Pedicle length 6–8 cm
Innervation possible? No
Bone length available 14 cm
Suitability for implants Yes
Skin paddle arc of rotation Minimal
Skin paddle size (maximum) 12 ¥ 6 cm
Ability to perform osteotomies Limited
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minimizes secondary deformities. However, imme-
diate reconstruction offers the best opportunity to
restore optimal aesthetic and functional results and
is usually possible in cases of tumor resection and
congenital defects.

Lower jaw defects may necessitate osseous recon-
struction, soft tissue repair, or both. Although much
of the emphasis in mandibular reconstruction is
inevitably focused on the bony mandible, recon-
struction of the neighboring soft tissues is impor-
tant, particularly because most reconstructions
address composite defects. For example, a neo-
mandible is able to better tolerate postoperative
radiation therapy if it is enveloped by well-vascu-
larized muscle. Resection of the intraoral mucosal
lining can lead to scarring and immobility of the
remaining portion of tongue that can result in 
significant functional problems. Recreation of an
adequate buccal sulcus permits the use of dentures
postoperatively and maintains space for the place-
ment of osseointegrated implants. Loss of soft tissue
in the submental region and cheek can also lead to
a significant aesthetic deformity. In addition, an 
irradiated bed renders the use of a nonvascularized
graft futile. Segmental mandibular resections that
include intraoral lining and external skin create the
most extensive defects. These patients have major
functional and aesthetic deformities, which are 
best addressed with a composite tissue transfer.
However, several factors make reconstruction diffi-
cult. First, the aggressive nature of the disease in
most patients requiring mandible resection means
that most patients have advanced disease; therefore,
the reconstructive technique should be single stage
and immediate. Second, the site of the defect has
often been compromised by oral contamination, pre-
vious radiotherapy, or both, thus making the sur-
vival of any nonvascularized tissue unlikely. Finally,
most tumors are epidermal in origin, and therefore
mucosa or skin (or both) needs to be resected and
restored; occasionally, two separate flaps are needed.
Microvascular techniques address these issues.

Treatment

Optimal care of a patient with a mandibular defect
necessitating reconstruction is provided by a multi-
disciplinary team, including oncologic surgeons,
reconstructive surgeons, and dentists working in a
center that is dedicated to participating in all of the
longitudinal phases of the patient’s care.

Timing

Reconstruction is ideally performed immediately
after the extirpative procedure. Cases not amenable
to immediate reconstruction (e.g., traumatic cases
with other serious injuries) are eventually compro-
mised by soft tissue scarring, which makes it diffi-

cult to estimate accurate occlusal relationships or
tissue deficits, or both.

Adjunctive Procedures

A tracheostomy is often required in patients after
cancer resection. Feeding tubes are placed preoper-
atively to ensure adequate nutritional intake. In
most cases, a 2.3- or 2.7-mm locking reconstructive
plate molded and predrilled before mandible resec-
tion can be used as a template to obviate the need
for arch bars, but arch bars are still occasionally
required.

Evaluation of Recipient Vessels for Free
Tissue Transfer

The face and neck provide a variety of choices for
recipient vessels. Unfortunately, these vessels are
frequently situated within an irradiated field and
are characterized by friability and fibrosis with loss
of elasticity, findings which result in a more difficult
dissection and a higher risk for postoperative throm-
bosis. Several guidelines can be followed that permit
a reliable anastomosis in this area. The preferred
vessel for arterial anastomosis at our institution is
the external carotid artery because the vessel is
usually spared by the oncologic surgeon. The anas-
tomosis is performed in an end-to-side manner with
a 2.3-mm aortic punch used for the arteriotomy. The
facial artery or facial-lingual trunk can be used, pro-
vided that the contralateral lingual artery is spared
to supply the tongue. The superior thyroid artery is
not routinely used because of its propensity to
spasm. The veins selected should be as large as 
possible. The authors’ preferred recipient vein is the
external jugular vein. These larger neck veins act as
a sump to increase outflow from the flap and are
greatly preferred over other vessels. If necessary,
vein grafts can be used to reach into the contralat-
eral vessels in a vessel-depleted neck. If possible, it
may be prudent to perform two venous anastomoses
to assist in drainage of the flap. Regardless of the
vessels selected, care should be taken to prevent
kinking, swelling (common in head and neck cases),
and infection.

Reconstructive Options

NO BONY RECONSTRUCTION. Not all scenarios
call for osseous reconstruction. In particular, limited
posterior or lateral defects, especially in edentulous
patients, are amenable to direct soft tissue closure.
Similarly, a patient in extremis with a grave prog-
nosis may best be served by a minimal reconstruc-
tive effort.

LOCAL FLAPS AND SKIN GRAFTS. Local flaps and
skin grafts can be used to resurface some defects
without resorting to a more complex reconstruction;
in these situations, the surgeon can use local flaps
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for soft tissue closure. Skin grafts are useful for
intraoral lining defects, although the incidence of
graft loss is higher in this anatomic area. Their use
is limited to non-irradiated beds.

RECONSTRUCTION PLATES WITH OR WITHOUT
SOFT TISSUE RECONSTRUCTION. As stated
earlier, reconstruction plates are occasionally useful
in traumatic situations when other associated
injuries delay definitive reconstruction. The plates
cannot be used in isolation in mandibles that will be
or have been exposed to radiation. If soft tissue is
present, reconstruction plates can be of utility in
limited lateral (not anterior) defects. However, over
the long run, they will likely fail because of the lack
of bone reconstitution and subsequent metal fatigue.

NONVASCULARIZED BONE GRAFTS. The modern-
day role of nonvascularized bone grafts is limited.
Although these grafts, typically harvested from such
sites as iliac crest, rib, and calvaria, have histori-
cally been used more extensively, their survival
rates are low. These rates are worsened by irradia-
tion. This option should therefore be considered only
for small (<5 cm) lateral segment bony defects that
have not previously been irradiated (for example, in
nonmalignant diseases) and in patients who cannot
tolerate a lengthy microvascular procedure. In most
instances, microvascular transfer is preferable, par-
ticularly in cases of irradiation or significant soft
tissue loss.

REGIONAL FLAPS. The only role for a regional flap
is to resurface cheek or neck skin in full-thickness
defects or in occasional salvage situations.

VASCULARIZED OSSEOCUTANEOUS FLAPS.
These flaps are the gold standard. Pedicled osseo-
cutaneous flaps provide marginal bone stock for
major mandible defects and are no longer widely
used. The best option is a microvascular free flap. A

benefit of using a vascularized bone flap to recon-
struct the mandible is that the shape obtained is
typically maintained over the long term. The most
common donor options are the fibula, scapula, and
deep circumflex iliac artery osseocutaneous flaps,
with the fibula flap being the most widely used (see 
Table 1).

Fibula Free Flap. The fibula microvascular free flap
is a versatile tool with many possible indications,
including reconstruction of the mandible from angle
to angle. The fibula is the flap of choice for most
cases requiring mandibular reconstruction. By
varying the length of the osseous component and
including a skin paddle, it can reconstruct defects in
any of the areas of the mandible. The skin paddle is
extremely reliable, particularly when the flexor hal-
lucis longus muscle is included, and it can be used
to resurface the intraoral surfaces and to act as a
sentinel for flap monitoring. When soft tissue bulk
is needed, the flexor hallucis longus muscle can be
harvested with the flap (Fig. 2).

The flap is harvested with the patient in the
supine position. If the width of the skin island
exceeds 4 to 5 cm, plans for a skin graft should be
made to close the donor site defect. Close coopera-
tion with the ablative team is essential during this
part of the operation. As a general rule, the mid-
fibula is used for mandibular ramus and angle
defects, whereas the distal end of the fibula can be
used to carry the long pedicle needed to reach the
neck vessels as required for reconstruction of ante-
rior mandibular defects. It is useful to examine the
perforators supplying the skin paddle with a hand-
held Doppler. A tourniquet is placed on the upper
part of the thigh to assist in dissection.

Several key neurovascular structures need to be
preserved (see Fig. 2). The dissection proceeds in a
lateral-to-medial, distal-to-proximal direction. In
general, the safest way to reach the peroneal vessels
supplying this flap is to begin the dissection later-

Skin paddle

Peroneal
artery
perforators

Head of
fibula

Soleus and
gastrocnemius muscles
(posterior compartment)

Peroneus longus tendon 
and peronius brevis muscle
(lateral compartment)

Flexor hallucis
longis muscle

Figure 2 • Schematic of the size of the skin island possible by carefully including the peroneal artery per-
forators in the dissection of the fibula flap. Also depicted are major anatomic landmarks.
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ally and anteriorly. With care taken to protect the
superficial peroneal nerve, the dissection proceeds
through the calf tissue while being careful to stay
just anterior to the posterolateral intermuscular
septum. This plane is followed until the lateral
border of the fibula is reached. The muscles attached
to the fibula are removed, and anteriorly the antero-
lateral intermuscular septum is divided, as is the
interosseous membrane. The fibula is approached
posteriorly; when the soleus muscle is reached, a
cuff of this muscle is elevated with the flap to com-
plete exposure of the lateral aspect of the fibula. A
saw is used to cut the fibula at the desired points.
After these osteotomies, the fibula can be maneu-
vered to expose the pedicle located medially. This
technique permits safe dissection of the peroneal
vessels; they can be divided as distally as necessary
and dissected proximally up to the trifurcation if
necessary (Fig. 3). The perforators supplying the
skin paddle are visualized and preserved. In situa-
tions in which it is necessary to have a long pedicle,
the effective pedicle length can be increased by dis-
secting the pedicle off the proximal end of the fibula
with a periosteal elevator until the nutritive
periosteal perforators are seen.

After the osteotomies, the fibula is shaped to the
contour of the native mandible by using a premolded
reconstruction plate as a template (Fig. 4). The
fibula is shaped in situ, and the peroneal vessels are
not divided until the ablative team has completed
the resection. The fibula is transferred and inset
into its new position. The skin paddle is inset first,
and the bone is fixed to the mandibular remnants
by using the holes made during the molding before
resection. After bone fixation, the operating micro-
scope is brought into the field, and the peroneal

vessels are anastomosed to the previously prepared
vessels, usually in the neck (Fig. 5).

Free Scapular Flap. This flap is mainly used for
patients who have a full-thickness bony defect and
who lack both external and internal soft tissue sur-
faces. It is based on the circumflex scapular artery,
which emerges from the triangular space bordered
by the teres major, teres minor, and the long head
of the triceps. Its main advantage is that it is poten-
tially a trisegmented flap with two independently
mobile skin paddles and a vascularized segment 
of bone (the lateral border of the scapula). Because
the bone is supplied by a single feeder vessel, it is
not possible to perform shaping osteotomies on the
scapular bone segment. Furthermore, the flap can
be bulky if the cutaneous portion of the flap is used.
It is therefore best reserved for situations in which
a small segment of bone is needed and both mucosal
and cutaneous epithelial cover is missing.

Iliac Crest. The vascularized iliac crest was once
considered the “gold standard” of mandibular recon-
struction. With the benefit of hindsight, it is now
apparent that mandibles re-created with this flap
are mostly block-like and bulky and lack the refine-
ment attainable with a fibula free flap. Drawbacks
are numerous. For example, the bone lacks a 
segmental blood supply. Although ample bone is
available, its fixed anatomic configuration is a 
disadvantage, especially in anterior reconstructions.
The irregular shape of the ilium can be changed
somewhat with osteotomies, but it still lacks the
flexibility and precision that can be achieved with
the fibula. Furthermore, the skin available with the
bone has a tenuous blood supply and tends to be

Posterior
crural septum

Skin 
perforators

Peroneal
vessels

Intermuscular
septum

Posterior
tibial artery

Soleus
muscle

Flexor hallucis
longis muscle

Figure 3 • The fibula flap following elevation by proximal and distal osteotomies. The segmental vascu-
lar supply permits multiple osteotomies to be performed to create a mandibular arch.
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thick and block-like, thus limiting its ability to be
easily inset within the oral cavity. Patients have sig-
nificant pain postoperatively and the potential for
hernia formation. Another disadvantage is that
chronic thigh paresthesia can result if the lateral

femoral cutaneous nerve is injured. Bone length is
limited to 14 cm, so reconstruction of a total
mandibulectomy defect may require bilateral iliac
crest flaps. Advantages of the iliac crest flap are that
the donor scar is well hidden, the pedicle is large

A

B

C 

A

B

C

Osteotomy

Perforating
arteries

Peroneal
artery

1-2 cm cuff of
flexor hallucis
longus muscle

Figure 4 • Precise orientation of the wedge osteotomies facilitates proper
insetting of the soft tissue components of the flap.

ECA

EJV

Intra-oral
skin paddle

Reconstructive
plate

External
carotid
artery (ECA)

External
jugular
vein (EJV)

Figure 5 • The final orientation of the osseous, soft tissue, and vascular arrangements of the
fibula flap. Mandibular continuity has been restored, the oral defect has been closed, and an
anastomosis to large-caliber neck vessels has been performed.
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and consistent, and the bony portion is thick and can
easily accept osseointegrated dental implants. 

The Pediatric Mandible

Microvascular free flap reconstruction of a pediatric
mandible is possible and appears to provide the best
solution for larger mandibular defects. Despite flap
harvest from growing skeletal sites, children typi-
cally maintain normal growth at the donor sites,
provided that the growth centers are not disturbed.
The transferred tissue generally grows with the
child to maintain symmetry and reasonable projec-
tion. The dynamic status of the pediatric mandible
requires conceptualization of the problem in a tem-
poral as well as spatial manner to account for future
bone and soft tissue growth. When using microvas-
cular techniques, care should be taken to avoid dis-
ruption of the epiphyseal centers in the donor sites.
Distraction should also be considered an option in
reconstructing pediatric mandibular defects.

Management of the Condyle

Despite a variety of available techniques, the results
of condylar reconstruction are generally disappoint-
ing. When oncologically sound, the condyle can be
disarticulated and reattached to the reconstructed
mandible. Fascia or a fat graft may be placed as 
a spacer. Another option is to use an osteochondral
rib graft with a spacer; this option works best in
pediatric mandibles. Nonetheless, the outcomes 
of condylar reconstruction in adults are often 
disappointing, and patients should be so informed.

Postoperative Care

Free flaps need to be monitored carefully in the post-
operative period, ideally in a dedicated unit. Free
flap loss usually occurs in the first 24 to 48 hours. If
thrombosis develops, the best chance of salvage is
immediate exploration and thrombolysis, preferably
within 3 hours. Thrombosis is the most feared com-
plication because of its potential to delay radiation
therapy and patient discharge. Occasionally, partial
flap loss can occur, including partial bone loss.
Salvage of these flaps should not be influenced
adversely by the complication: if a free flap was the
optimal first choice, a second free flap is often still
the optimal choice.

Patients with a tracheostomy can usually be
decannulated immediately in the postoperative
period. Oral feeding is commenced 1 week after
surgery if no complications have developed. Patients
with gastrostomy tubes can be fed on return of bowel
function. Fixation plates can be removed after 6
months, but they are generally left in place unless
plate extrusion and exposure occur. The mandible
should be monitored with serial Panorex studies,

although the clinician needs to be aware that radi-
ographic evidence of healing usually lags behind the
clinical picture.

Infections and hematomas develop in approxi-
mately 6% of cases but will not usually affect the
long-term surgical outcome if properly and vigi-
lantly treated. Plate exposure is most common in the
anterior aspect of the mandible because of deficien-
cies in soft tissue. The main goal is to permit healing
and remove the plate when the bone fractures/
osteotomies have healed. This is best facilitated by
coverage with muscle and the use of low-profile
plates. Plate exposure is most common after post-
operative adjuvant irradiation. Despite exposure,
when a vascularized bone flap is used, bony union
rates approach 95%.

Fistulas also occur more commonly in irradi-
ated beds. Although distressing to the surgeon 
and patient alike, most fistulas usually heal 
spontaneously.

Malocclusion can result from improper surgical
planning, fracture of the fixation wire or plate, 
or intraoperative failure to position the condyle in
the temporomandibular joint. An osteotomy at the
junction of the reconstruction flap and remaining
native mandible may be required for correction of
malocclusion.

Soft tissue atrophy is a significant problem, espe-
cially after radiotherapy, and diminishes the aes-
thetic results. The use of excessively bulky soft
tissue paddles, particularly in reconstructions that
involve the deep circumflex iliac artery flap, may
suffer from the converse problem of interference
with functional results, such as speech and swal-
lowing. The paddles can be debulked at a secondary
stage.

Osseointegrated implants can be placed 6 months
to 1 year after reconstruction. Despite reports in the
literature, the volume of the fibula is not always as
large as needed to place osseointegrated implants.
The use of implants in irradiated mandibles has not
been well studied and should be attempted only 
in the context of a clinical trial. In well-selected
patients, osseointegrated implants are, however, of
great utility, despite their expense.

When performed properly and attention is paid to
the principles outlined previously, reconstruction of
the mandible is a safe procedure that maximizes the
gains possible from both oncologic surgery and adju-
vant care.

Pearls and Pitfalls

• Patients undergoing ablation and mandibular
reconstruction should be managed only by an
experienced multidisciplinary team.

• When using a fibula free flap, incorporate a skin
paddle for postoperative monitoring purposes.
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• A buried, continuous Doppler device is useful
for monitoring purposes.

• Use the largest recipient vessels within reach
of the vascular pedicle when performing a
microvascular reconstruction. When possible,
the external carotid artery and the internal
jugular vein should be the first choice of recip-
ient vessels.

• If a free flap fails, the best solution to salvage
the reconstruction is usually another free flap.

• It is crucial to achieve anatomic occlusion at
the time of mandibular reconstruction. This is

best accomplished by using the resected speci-
men as a template to accurately place the
osteotomies and to shape the fibula free flap.
Reconstruction plates are useful for this
purpose.

SUGGESTED READINGS
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Temporomandibular disorder (TMD) is a general
term used to describe musculoskeletal dysfunction
of the temporomandibular joint (TMJ) and associ-
ated structures. Most studies suggest that the
prevalence of clinically significant TMD-related jaw
pain/dysfunction is at least 5% in the general popu-
lation, with significantly more frequent and more
severe TMD signs and symptoms appearing in
women and older adults. This chapter reviews the
pathophysiology of TMDs with an emphasis on the
most common surgical indications and procedures.

Anatomy

The TMJ is uniquely characterized as a gingly-
moarthrodial structure (having rotational and
translational movement); its function is dictated by
jaw movement and is also dependent on the con-
tralateral joint. Its proximity to many significant
structures (e.g., facial nerve, ear, blood vessels)
makes surgical access and treatment difficult.

Anatomic components of the TMJ include the
condylar head, glenoid fossa, superior and inferior
joint spaces, capsule, retrodiscal tissue (or posterior
attachment), lateral pterygoid muscle, and disk
(meniscus) (Fig. 1). The disk is a biconcave fibrous
connective tissue structure composed of anterior and
posterior bands surrounding a thin intermediate
zone dividing the joint into superior and inferior
joint spaces. The first phase of mouth opening (2 to
3 cm) is hinge or rotational, a function of the infe-
rior joint space, followed by a second phase (4 to 
6 cm) consisting of a gliding or translational motion,
which in turn is a function of the superior joint
space. Synovial fluid functions to lubricate and
nourish articular cartilage and remove particulate
and soluble debris from the joint. The vascular
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supply of the TMJ is via the superficial temporal
artery and branches of the internal maxillary artery.
Sensory innervation is via the auriculotemporal
nerve, a branch of the posterior division of the
mandibular nerve, with contributions from the 
masseteric and deep posterior temporal nerves.

Pathophysiology

The cause of TMDs remains controversial, and many
factors have been implicated. Trauma has been sug-
gested as the most likely cause and is classified as
direct (e.g., assault), indirect (e.g., whiplash injury),
or secondary to parafunctional habits (e.g., clenching,
bruxism). Suggested pathophysiologic mechanisms
include direct mechanical injury, hypoxia-reperfu-
sion injury, and neurologic inflammation with modi-
fications in condylar dynamics. Other contributing
factors may include dentofacial deformities and 
psychosocial causes. Numerous studies continue to
dispute the significance of occlusal relationships in
TMDs. TMJ abnormalities are also associated with
systemic diseases such as the arthritides, metabolic
disorders (gout), or other syndromes (Marfan’s syn-
drome). In addition, they may reflect disorders in
growth and development, as seen in condylar hyper-
plasia or hypoplasia associated with systemic sclero-
sis, or iatrogenic causes, including the indiscriminate
use of repeated corticosteroid injections.

Classification 

The classification of oral and facial disorders 
is diverse, and it has been estimated that up to 
a quarter of the adult population experiences 
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symptoms. TMDs include internal derangements,
myofascial pain and dysfunction syndrome, arthri-
tides, and neoplasia. Disorders that may confound
the diagnosis include Eagle’s syndrome, vascular
anomalies (e.g., temporal arteritis), fibromyalgia,
otalgia, paranasal sinus disorders, optic neuritis,
headaches, neuralgias, odontogenic infections, and
salivary gland disease.

Physical Evaluation

After a comprehensive history, the joint should be
palpated preauricularly and intrameatally in the

open and closed position to note the presence or
absence of tenderness, swelling, and crepitation.
The muscles of mastication and the cervical muscles
are also examined. Examination of jaw motion
should include the amount of active and passive
incisal opening, rotational and translational move-
ments, lateral excursions, protrusion, and symme-
try of jaw movement. Auscultation should be
performed to detect clicking, popping, and crepitus
relative to jaw position. Crepitus suggests bone-on-
bone contact as a result of surface defects on the disk
or articular surfaces. However, joint noises in the
absence of pain, functional limitations, or deformity
represent an adaptive mechanism of the TMJ and
are not necessarily a sign of disease. Oral examina-
tion should also focus on evidence of tooth wear and
occlusion. Other areas that may be examined
include the cervical spine, shoulders, and upper
extremities. An auriculotemporal nerve block
induced by administering a local anesthetic slightly
behind and toward the neck of the condyle may be
useful to confirm an arthrogenous cause.

Diagnosis of Temporomandibular
Disorders

Myofascial pain and dysfunction are noted in at
least 50% of all TMDs. The syndrome manifests as
dysfunctional muscle hyperactivity with regional
pain, tenderness of the affected muscles, variable
amounts of reduced opening, and complaints of 
malocclusion.

Internal derangements are divided into disk
(meniscal) displacement with reduction, disk dis-
placement without reduction (closed lock), hyper-
mobility and dislocation (open lock), and ankylosis.

In disk displacement with reduction, the disk is
anteriorly displaced in the resting, closed-joint posi-
tion and reduces on opening (Fig. 2). This derange-
ment is also associated with reduction in lateral
excursive movement away from the affected side,
variable maximal incisal opening, joint noise that
usually occurs at variable positions during opening
and closing mandibular movements, variable pain
precipitated by joint movement, and mandible
deflection (i.e., returns to the midline) on opening,
usually during the latter phase of translation.

Anterior disk displacement without reduction
(closed lock) is characterized by an irreducible, dis-
placed disk that acts as an obstacle to the sliding
condyle (Fig. 3). Patients complain of intermittent
self-reducible locking, a sudden onset of limited
mouth opening (£35 mm) associated with cessation
of joint sounds, deflection, midline correction on
opening, and restricted lateral excursive movements
away from the affected side.

Ankylosis of the TMJ is defined as immobility of
the condyle and can be classified by tissue type
(fibrous, bony), anatomic location (intraarticular,

Figure 1 • Temporomandibular joint anatomy. A, Midsagittal
section. B, Coronal section. Structures visualized are the artic-
ular cartilage of the condyle (1), articular disk (2), superior joint
space (3), inferior joint space (4), external auditory canal (5),
retrodiscal attachment (6), inferior belly of the lateral pterygoid
muscle (7), superior belly of the lateral pterygoid muscle (8),
lateral capsular ligament (9), and medial capsular ligament (10).
(Courtesy of Jesse Koskey, www.JesseKoskey.com.)
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extraarticular), and extent of fusion (complete,
incomplete). Joint infection, usually occurring after
trauma, accounts for approximately 50% of all TMJ
ankylosis cases, but 30% result from aseptic trauma.
Fibrotic intraarticular ankylosis is the most
common type, especially after trauma-induced hem-
orrhage (hemarthrosis). Children are more prone to
ankylosis because they have greater osteogenic
potential and less development of the joint meniscus.

Hypermobility of the TMJ may manifest as 
dislocation or subluxation, or both. Dislocation
describes translation of one or both condyles into 
an obstructed position anterior to the articular 

eminence. On clinical examination the jaw is “locked”
open. In subluxation, the patient is able to relocate
the dislocation with manipulation. Predisposing
factors include previous capsule and ligament
injury, joint laxity, internal derangements, trauma,
drugs associated with extrapyramidal reactions,
and seizures.

The arthritides are classified as either rheuma-
toid arthritis or osteoarthritis. In rheumatoid
arthritis, patients may complain of pain that is
worse in the morning, limited opening, occlusal
changes, and preauricular edema and tenderness.
Approximately 50% to 75% of patients with rheuma-
toid arthritis have involvement of the TMJ during
the course of the disease. Osteoarthritis, also

Figure 2 • Disk displacement with reduction. A, Disk situ-
ated anterior to the articulating surface of the condyle. As the
condyle translates forward, it passes over the disk and pro-
duces a clicking noise. B, The disk remains in an appropriate
relationship with the condyle through the remainder of the
opening cycle. C, Maximum opening position. As the mandible
closes, the relationship of the condyle and disk returns to 
the position shown in A. (Courtesy of Jesse Koskey,
www.JesseKoskey.com.)

Figure 3 • Disk displacement without reduction (closed
lock). A, A disk that has been chronically anteriorly displaced
has an amorphous shape rather than a distinctive biconcave
structure. B, As the condyle begins to translate forward, the
disk remains anterior to the condyle. C, In the maximum open
position, the disk continues to remain anterior to the condyle,
with posterior attachment tissue interposed between the condyle
and fossa. (Courtesy of Jesse Koskey, www.JesseKoskey.com.)
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referred to as degenerative joint disease, is the most
common disease affecting the TMJ. It is character-
ized by degenerative changes of the articular carti-
lage with associated remodeling. Patients may
complain of pain that is worse in the evening,
limited opening, muscle splinting, and crepitus of
the TMJ.

Tumors arising from the TMJ are rare. The most
common benign tumors that develop in the condyle
include osteochondroma, osteoblastoma, chondro-
blastoma, and osteoma. Synovial chondromatosis is
the most common benign neoplasm of the synovium
and is characterized by the development of meta-
plastic, highly cellular cartilaginous foci in the 
synovial membrane that result in degenerative
changes consistent with osteoarthritis. It is charac-
terized by swelling, pain, and limitation of move-
ment. Radiographic findings are variable and may
include the presence of radiopaque bodies in the
TMJ, degenerative changes of the articular surfaces,
and variable widening or loss of joint space.
Osteosarcoma is one of the most frequently occur-
ring malignant bone tumors, is second only to
hematopoietic neoplasms, and accounts for about
20% of primary bone cancers. Approximately 6% to
8% of all osteosarcomas occur in the jaw, including
the TMJ.

Diagnostic Studies

Radiographic evaluation of patients with TMDs typ-
ically includes panoramic or transcranial imaging
and is limited to identifying gross osseous changes.
Computed tomography is the most accurate modal-
ity for identification of osseous abnormalities, and
magnetic resonance imaging is mandatory for exam-
ining disk position, function, and form and the pres-
ence of joint effusions (inflammatory changes).
Arthrography may be useful when magnetic reso-
nance imaging is not tolerated and information
regarding the position and morphology of the disk is
required.

Treatment

Nonsurgical

Therapeutic goals involve improving function (i.e.,
range of motion) and reducing pain. Treatment typ-
ically begins with nonsurgical modalities. The first
phase of nonsurgical treatment includes pharmaco-
logic therapy, moist heat, physical therapy, a soft
mechanical diet, and stretching, jaw coordination
exercises. Treatment is indicated for internal
derangements, myofascial pain and dysfunction,
and the arthritides. Medications include nonsteroi-
dal antiinflammatory drugs, tramadol (Ultram), and

narcotics; muscle relaxants and antianxiety agents
are used for muscle hypertonicity. Certain patients
may benefit from occlusal or orthodontic therapy 
to correct uneven tooth contact or malocclusion,
respectively. If the patient fails to improve or
worsens after 1 to 2 months of conservative man-
agement, the second phase may be initiated: the use
of occlusal appliances. The most common is a stabi-
lization appliance (also referred to as a passive
splint or flat-plane appliance), which functions to
relax the elevator masticatory muscles, protect the
dentition, stabilize and protect the TMJs from
excessive loading, and provide biofeedback by
making patients aware of bruxing habits. The ante-
rior repositioning device functions to protrude the
mandible and relieve the load on the disk, thereby
allowing repair of damaged retrodiscal tissue. This
type of appliance should be carefully monitored
because it may cause a posterior open bite. Botulism
toxin has recently been advocated to treat severe
bruxism by paralyzing the masticatory muscles and
thereby reducing inflammation of these muscles and
the TMJ.

Surgical

Patients with TMDs, except for myofascial pain and
dysfunction syndrome, may be considered surgical
candidates if they are refractory to nonsurgical
therapy and suffer from pain and functional impair-
ment as a result of interference with TMJ function.
Surgical techniques include arthrocentesis and
lavage, arthroscopy, condylotomy, and open joint
surgery.

Arthrocentesis is a minimally invasive procedure
that involves insertion of a 19-gauge needle into the
TMJ at the level of the articular glenoid fossa and
articular eminence (superior joint space) for irriga-
tion. Lavaging the joint may release adhesions and
negative pressure on the disk, thereby reducing
surface friction and the viscosity of synovial fluid
and decreasing inflammatory constituents and pain
mediators in the joint. It is indicated for hypomo-
bility caused by an acute or chronic closed lock in
patients complaining of chronic pain with adequate
range of motion and failure to improve after other
joint surgery. The procedure may be accomplished
under local anesthesia with or without intravenous
sedation.

Arthroscopy, lysis, and lavage are indicated for
hypomobility disorders such as internal derange-
ments with or without pain and intrajoint adhe-
sions, hypermobility disorders resulting in painful
subluxation or dislocation, synovitis secondary to
rheumatoid arthritis, osteoarthritis, and synovial
chondromatosis (early stages). The technique
involves insertion of a cannula with an arthroscope
into the superior joint space at the maximum con-
cavity of the glenoid fossa and a second 22-gauge
outflow needle into the superior joint space anterior
to the arthroscope puncture site. This procedure
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allows direct examination of the superior joint
space, including the disk, temporal articular sur-
faces, synovial membrane, and retrodiscal tissues
(Fig. 4).

After arthroscopic examination, the irrigation
needle can be removed and a second working
cannula inserted to facilitate surgical techniques
such as lysis of adhesions, synovectomy, and ptery-
goid myotomy (anterior release of the joint capsule).
Other procedures that may be attempted include
synovial biopsy and posterior suturing (or plication)
of the disk. Steroids are commonly injected into the
TMJ to decrease the inflammatory response to
surgery, but long-term or excessive use may cause
condylar hypoplasia by inhibiting osteoblastic activ-
ity. Success rates vary with surgical arthroscopy,
and there is a 22% incidence of reoperation for disk
displacement without reduction. Complications
associated with arthroscopy include vascular injury,
hemarthrosis, infection, otologic damage, facial
nerve injury, and penetration into the middle cranial
fossa.

Open joint surgery (arthrotomy) is a broad term
encompassing all procedures that allow direct access
for disk repositioning, diskectomy, disk replacement,
eminectomy, gap arthroplasty, and joint replace-
ment. Surgical approaches include preauricular,
endaural, and postauricular incisions. A preauricu-
lar incision gives maximum lateral and anterior
exposure. An endaural incision is a cosmetic modifi-
cation of the preauricular approach. A postauricular
incision has an acceptable cosmetic result but is
associated with a risk for stenosis of the auditory
canal, infection and necrosis of the ear cartilage, and
almost complete anesthesia of the auricle. This

approach should not be used with associated joint
infection or otitis externa.

Disk repositioning (discoplasty) is an attempt to
reposition the disk to restore the normal condyle-
disk-fossa relationship. The technique is indicated
after attempting arthroscopy or arthrocentesis for
the treatment of disk displacement with or without
reduction. Pterygoid myotomy (releasing the disk
from the lateral pterygoid muscle) is occasionally
indicated when a nonreducing, anteriorly displaced
disk is tethered by the lateral pterygoid muscle. 
Plication of retrodiscal tissue and excision with
reapproximation of the retrodiscal tissue may be
indicated for anterior disk displacement secondary
to redundant or pathologic (perforated) retrodiscal
tissue. Success rates ranging from 80% to 94% have
been reported, although long-term evaluation of
disk position has not been validated.

Diskectomy involves removal of the disk. Indica-
tions include pain or dysfunction (or both) that
shows no improvement after nonsurgical treatment,
failed procedures, and severe internal derange-
ments precluding repair of the disk. Although
reports support an 80% success rate after diskec-
tomy, surgeons continue to debate whether interpo-
sitional material (graft or alloplast) should be placed
in the joint after diskectomy. Disk replacement is
indicated for a nonrepairable disk after gap arthro-
plasty or a costochondral graft when maintenance of
a soft tissue interface between the newly articulat-
ing surfaces is vital (i.e., ankylosis). Replacement is
also indicated to dissipate loading forces, reduce the
formation of fibrous or bony ankylosis, decrease
pain, improve joint mobility, decrease the incidence
or severity (or both) of osteoarthritis, provide a

Figure 4 • Techniques of arthroscope insertion into the superior joint space. Left, Infer-
olateral approach to the posterior joint space. Right, Anterolateral approach to the anterior
recess. (Courtesy of Jesse Koskey, www.JesseKoskey.com.)
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gliding surface, prevent bone-on-bone contact, and
reduce the development of an open bite after diskec-
tomy. A commonly accepted disk replacement tissue
is dermis, but other options include temporalis
muscle and auricular cartilage. The latter is sus-
ceptible to the development of adhesions, is difficult
to stabilize, and is likely to perforate.

Eminectomy is performed for recurrent mandibu-
lar hypermobility/subluxation and involves removal
of the articular eminence of the temporal bone that
is blocking the path of the condyle when closing. 
An alternative strategy involves downfracture of a
portion of the zygomatic arch to increase the rela-
tive size of the articular eminence.

Gap arthroplasty, often combined with eminec-
tomy, involves recontouring the articular surfaces of
the condyle and eminence to permit free unre-
stricted movement within the joint and relieve com-
pression of the disk. It is indicated for ankylosis,
inactive condylar hyperplasia, degenerative joint
disease, and arthritis.

TMJ replacement is indicated for patients with
ankylosis, degenerated joints, failed autogenous
grafts, severe inflammatory disorders (rheumatoid
arthritis), a failed Proplast-Teflon graft or alloplas-
tic reconstruction, neoplasm, and condylar aplasia
or hypoplasia. Prosthetic devices are classified as
stock or custom-made. Several manufacturers
design custom-made devices. Relative contraindica-
tions to the use of alloplastic reconstruction include
uncontrolled systemic disease, advanced age, long-
term steroid use, allergy, and infection. Autogenous
grafting with costochondral grafts may also be used
for reconstruction of the TMJ and has the advantage
of biocompatibility and potential appositional
remodeling. Unlike a costochondral graft, which
depends on the integrity of local soft tissue to
provide blood supply, a vascularized second
metatarsal-phalangeal joint has recently been rec-
ommended as an alternative autogenous graft.

Condylotomy (bilateral subcondylar osteotomy)
has remained a controversial surgical technique. It
is designed to result in anteromedial displacement
of the condyle in an effort to change the condyle-
disk-fossa relationship, increase the superior and
inferior joint space, and shorten the lateral ptery-
goid muscle, thereby reducing loading forces on the
neurovascular retrodiscal tissues, allowing healing
of the articular surfaces, and avoiding progression
of the internal derangement. This rationale is some-

what analogous to a mandibular repositioning appli-
ance, except that it is permanent. Condylotomy is
considered superior to arthrotomy by virtue of its
avoidance of surgical invasion of the TMJ capsule.
Indications include painful disk displacement with
or without reduction, subluxation, and osteoarthri-
tis. Opponents of condylar osteotomy suggest that
there is a lack of long-term follow-up detailing the
corrected disk-condyle relationship, inevitable
pathologic changes unaffected by condylotomy, and
maintenance of an increased joint space. Other con-
siderations include the need for maxillomandibular
fixation for 6 weeks postoperatively, secondary
skeletal changes that may result in malocclusion,
and potential damage to the inferior alveolar 
nerve.

Pearls and Pitfalls

• Nonsurgical management is the first line of
treatment for TMDs. Surgery is reserved for
the patient with pain or dysfunction that is
refractory to conservative measures.

• Diagnosis of TMDs will guide therapeutic
modalities.

• Arthroscopy is a useful diagnostic and thera-
peutic tool.
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The historic roots of plastic surgery lie in orthog-
nathic or maxillofacial surgery. The origin of modern
plastic surgery can be traced to the successful recon-
struction of maxillomandibular wounds during
World War I. Thereafter, surgeons extended their
skills to congenital and acquired deformities of the
mandible, maxilla, midface, and orbits. Manipula-
tion of the jaws and teeth (i.e., orthognathic surgery)
remains one of the most powerful tools in the plastic
surgeon’s armamentarium. It requires knowledge 
of dentofacial anatomy and collaboration with an
orthodontist for establishing optimal occlusion.

Pathologic Anatomy

Mandible

Pathology of the mandible may manifest in many
forms. Hypoplasia of the entire mandible is defined
as micrognathia; a posteriorly positioned mandible
is defined as retrognathia. Mandibular excess or
forward projection relative to the maxilla is prog-
nathism. Asymmetry of the mandible with a lateral
crossbite is defined as laterognathism and is usually
associated with condylar hyperplasia, hemifacial
hypertrophy (along with enlarged limbs on the same
side), or unilateral craniofacial microsomia.

Mandibular abnormalities may also be isolated 
to the chin. Microgenia describes chin deficiency,
whereas macrogenia defines chin excess. In each of
these conditions, the chin may be abnormal in the
sagittal, vertical, or horizontal dimension.

The dentoalveolar component of the mandible can
also be hypoplastic, especially after loss of the per-
manent dentition. There can be dental deficits and
a crossbite relationship between the mandibular/
maxillary components.

Maxilla

The maxilla can be deficient in the anteroposterior
or sagittal dimension, as in patients with cleft
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palate (maxillary hypoplasia); maxillary excess is
unusual but is seen in conditions such as venous
malformation and lymphangioma.

Vertical maxillary excess, or the long-face syn-
drome, is more common. There is usually incisor
show at rest with gingival exposure on smiling; the
nasolabial angle is obtuse. With vertical maxillary
deficiency, or the short-face syndrome, there is
usually lack of incisor show both at rest and with
smiling; the nasolabial angle is acute. Asymmetries
of the maxilla in the vertical dimension are observed
in conditions such as fibrous dysplasia.

Occlusal Relationships

The Angle classification (Fig. 1) defines the various
types of dental relationships. In class I (neutroclu-
sion), the maxillary and mandibular first molars are
in an ideal relationship; that is, the mesiobuccal cusp
of the maxillary first molar rests in the mesiobuccal
groove of the mandibular first molar. In class II (dis-
toclusion), the maxilla is positioned anterior to the
mandible. More precisely, the mesiobuccal cusp of the
maxillary first molar rests anterior to the mesiobuc-
cal grove of the mandibular first molar. It is usually
associated with retrognathia or micrognathia. In
class III (mesioclusion), the mesiobuccal groove of
the mandibular first molar sits anterior (mesial) to
the mesiobuccal cusp of the maxillary first molar.

An anterior crossbite refers to an occlusal rela-
tionship in which the mandibular anterior teeth
project forward of their maxillary counterparts. It is
usually associated with mandibular prognathism
(Fig. 2). An overjet refers to an overly anterior rela-
tionship of the maxillary incisal edges relative to
their mandibular counterparts in the sagittal
dimension (Fig. 3). An overbite is vertical overlap of
the biting edges. An anterior open bite defines a lack
of contact between the maxillary and mandibular
anterior occlusion.

Abnormalities can also be seen in the buccolin-
gual relationship of the teeth. In neutral or centric
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Figure 1 • Angle’s classification of malocclusion. The classification is based on the mesiodistal (anteroposterior) rela-
tionships of the maxillary and mandibular first permanent molar teeth. The relationship between the position of the jaws
and the facial profile is also illustrated. In class I (neutroclusion), the facial profile falls within the normal range. The max-
illary and mandibular first molar teeth are in an ideal anteroposterior relation. The mesiobuccal cusp of the maxillary first
molar is aligned correctly with the mesiobuccal groove of the mandibular first molar tooth. In class II (distoclusion), the
mandible is retrognathic and the lower part of the face appears to be recessed. The mandibular first molar occupies a
more posterior (distal) position than normal. In class III (mesioclusion), or the dental occlusion found in mandibular prog-
nathism, the mesiobuccal groove of the mandibular first molar is mesial (anterior) to the mesiobuccal cusp of the max-
illary first molar. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia, Saunders, 1990, p 1193.)

Figure 2 • Mandibular prognathism with an anterior open
bite and anterior crossbite. (From McCarthy JG [ed]: Plastic
Surgery. Philadelphia, Saunders, 1990, p 1228.)

Figure 3 • Relationship of the incisal edges. Overbite is a
vertical overlap of the biting edges. Overjet refers to the labi-
olingual relationship of the incisal edges. (From McCarthy JG
[ed]: Plastic Surgery. Philadelphia, Saunders, 1990, p 1194.)
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occlusion, the buccal cusp of the upper tooth over-
laps that of the lower tooth (Fig. 4). In a buccal cross-
bite, the malocclusion is represented by tilting of 
the maxillary tooth toward the cheek, whereas in a
lingual crossbite, the displacement of the upper
tooth in relation to the lower tooth is toward the
tongue.

Preoperative Evaluation

The preoperative surgical-orthodontic evaluation is
critical and begins with a physical examination of
the face both at rest and during animation to eval-
uate the quality of the soft tissue, the horizontal
position of the oral commissure, lip-to-teeth rela-
tionships (incisor show at rest or gingival exposure
on smiling), and functioning of the facial nerve. It
should be determined whether the orbital, alar base,
or occlusal planes are parallel or disparate. Various
anthropometric measurements and facial planes are
available for patient comparison (Fig. 5). Physical
examination of the jaws should include mouth
opening (mandibular excursion) and chin position.
The intraoral dental examination, including oral
hygiene, is also documented.

Photographic documentation is helpful and
should include frontal, oblique, profile, submental,
bird’s eye, occlusal, and smiling views.

Dental impressions are taken and models made,
except in isolated chin osteotomies. The models 
are placed in an articulator where simulated
osteotomies/model surgery is performed, not only for
diagnosis but also for preoperative planning and
splint construction.

Cephalograms and panoramic roentgenograms
are essential to record cephalometric linear and

angular data in the vertical and horizontal dimen-
sions (Table 1). The latter can be compared with age-
and sex-matched normative standards, which, along
with the physical examination, guide planning of
the mandibular and maxillary manipulations. Peri-
apical radiographs are occasionally obtained, espe-
cially when interdental osteotomies are planned.

Computed tomography (CT) scans are also helpful
in planning the more complicated orthognathic 
surgical procedures. They can be reformatted as a
Dentiscan in younger patients to document the 
position of unerupted teeth and tooth follicles.

Treatment

Nonsurgical Techniques

Before reconstruction, dental hygiene must be
established. Dental extractions may be indicated to
allow extrusion of the permanent dentition or to
facilitate orthodontic movements.

The role of the orthodontist is critical in docu-
menting the pathology and recommending dental
extractions. Preoperative orthodontic therapy is
usually indicated to coordinate maxillary and
mandibular arch width, to level the occlusal plane,
to eliminate occlusal interference, to reposition
incisors to optimize postsurgical lip position for cre-
ation of an anterior crossbite in anticipation of max-
illary advancement, and to create interdental spaces
for segmental osteotomies. It is not uncommon for
the period of preoperative orthodontics to extend 6
months or more.

The orthodontist is also important in jointly plan-
ning the procedure with the surgeon and in prepar-
ing an intraoperative occlusal split. Moreover, mock

Figure 4 • Buccolingual relationships of the teeth. A, Buccal crossbite. Maloc-
clusion is due to tilting of the maxillary tooth toward the cheek. B, Neutral (centric)
occlusion, or the ideal relationship in which the buccal cusp of the upper tooth
overlaps that of the lower tooth. C, Lingual crossbite caused by lingual displace-
ment of the upper teeth in relation to the lower teeth. (From McCarthy JG [ed]:
Plastic Surgery. Philadelphia, Saunders, 1990, p 1194.)
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A

B

Figure 5 • A, Divisions of the face. The face is divided into thirds by the trichion, nasion, subnasale, and menton.
The distance between the vertex of the cranial vault and the midpupillary point defines the upper half, and that between
the latter and the hyoid defines the lower half. Additional subdivisions are designated. (From McCarthy JG [ed]: Plastic
Surgery. Philadelphia, WB Saunders, 1990, p 1191.) B, Various “ideal” facial planes. (From McCarthy JG, Ruff G: The
chin. Clin Plast Surg 15:125, 1988.)
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surgery can be performed on the photographic
records, the cephalometric tracings, and the dental
models. This can be done on any of the commercially
available computerized planning programs. For 
correction of more complex three-dimensional 
asymmetric deformities, computer-aided surgical

planning with cephalometrics and CT-based surgi-
cal simulation is possible.

FIXATION. To allow consolidation at the osteotomy
sites, maxillomandibular fixation (MMF) was 
traditionally maintained for a period of 8 weeks, but

TABLE 1 Control Cephalometric Data Sheet, Institute of Reconstructive 

Plastic Surgery, New York University Medical Center 

NAME OF PATIENT DATE OF CEPHALOGRAM

**Age: 16** **Sex: Female**
Variable Mea. -20% -15% -10% -5% Norm +5% +10% +15% +20%

Height (cm) — 130.4 138.6 146.7 154.9 163.0 171.2 179.3 187.5 195.6

Midface Height

ANS-N (mm) — 44.6 47.3 50.1 52.9 55.7 58.5 61.3 64.1 66.8
SE-PNS (mm) — 40.9 43.4 46.0 48.5 51.1 53.7 56.2 58.8 61.3
ANS-SD (mm) — 14.5 15.4 16.3 17.2 18.1 19.0 19.9 20.8 21.7
SN-ANS-PNS (deg) — 8.0

Total Face Height

Me-N (mm) — 98.6 104.7 110.9 117.0 123.2 129.4 135.5 141.7 147.8
Me-ANS (mm) — 55.4 58.9 62.4 65.8 69.3 72.8 76.2 79.7 83.2
ANS-UIE (mm) — 24.1 25.6 27.1 28.6 30.1 31.6 33.1 34.6 36.1
Me-LIE (mm) — 33.8 36.0 38.1 40.2 42.3 44.4 46.5 48.6 50.8
Me-ID (mm) — 25.0 26.6 28.2 29.7 31.3 32.9 34.4 36.0 37.6
Ar-Go (mm) — 39.7 42.2 44.6 47.1 49.6 52.1 54.6 57.0 59.5
SN/MP (deg) — 31.2
6 cusp MP (mm) — 26.1 27.7 29.3 31.0 32.6 34.2 35.9 37.5 39.1

Dental

^ SN (deg) — 103.1
T-MP (deg) — 92.1
^ T (deg) — 133.6

Midface Horizontal

S-N (mm) — 61.5 65.4 69.2 73.1 76.9 80.7 84.6 88.4 92.3
SNO (deg) — 42.8 45.5 48.2 50.8 53.5 56.2 58.9 61.5 64.2
O ^ NA (mm) — 13.1 13.9 14.8 15.6 16.4 17.2 18.0 18.9 19.7
ANS-PNS (mm) — 45.6 48.5 51.3 54.2 57.0 59.9 62.7 65.6 68.4
PNS-A (mm) — 41.4 44.0 46.6 49.2 51.8 54.4 57.0 59.6 62.2
PNS-UIE (mm) — 50.2 53.4 56.5 59.7 62.8 65.9 69.1 72.2 75.4
SNA (deg) — 81.8

Lower Face Horizontal

Ar-Pg (mm) — 92.2 97.9 103.7 109.4 115.2 121.0 126.7 132.5 138.2
Ar-B (mm) — 84.5 89.8 95.0 100.3 105.6 110.9 116.2 121.4 126.7
Ar-LIE (mm) — 79.4 84.3 89.3 94.2 99.2 104.2 109.1 114.1 119.0
Go-Pg (mm) — 65.2 69.3 73.4 77.4 81.5 85.6 89.7 93.7 97.8
Go-B (mm) — 61.4 65.2 69.0 72.9 76.7 80.5 84.4 88.2 92.0
Go-LIE (mm) — 64.3 68.3 72.4 76.4 80.4 84.4 88.4 92.5 96.5
AB-PB (mm) — 28.5 30.0 32.0 33.8 35.6 37.4 39.2 40.9 42.7
SNB (deg) — 79.2
ANB (deg) — 2.6
SN-Pg (deg) — 80.2
Ar-Go-Me (deg) — 122.2

A, A point; ANS, anterior nasal spine; Ar, articulare; Ba, basion; B, B point; Gn, gnathion; Go, gonion; ID, infradentale; LIE, lower incisor edge; Me, menton;
MP, mandibular plane; N, nasion; O, orbitale; Pg, pogonion; PNS, posterior nasal spine; SD, supradentale; SE, sphenoethmoidal; SN, sella-nasion plane;
UIE, upper incisor edge.

From McCarthy JG, Kawamoto HK, Grayson BH, et al: Surgery of the jaws. In McCarthy JG (ed): Plastic Surgery. Philadelphia, WB Saunders, 1990, p.
1199.
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often with significant difficulty with feeding and
communication. The technique is still used 
in patients undergoing vertical osteotomy of the
mandible for correction of prognathism and in
complex two-jaw reconstructions in which bone
grafts are used. MMF, however, has been largely
replaced by rigid skeletal fixation with plates and
screws to allow immediate movement of the
mandible, alimentation, and normal communica-
tion. With sagittal split osteotomies, lag screws are
used to appose the ramal segments after the occlu-
sion has been established and the condyles are
anatomically seated in the glenoid fossae.

Surgical Techniques

GENIOPLASTY. Horizontal osteotomy of the
anteroinferior border of the mandible (genioplasty)
is a workhorse osteotomy for changing chin projec-
tion/profile in all dimensions (Fig. 6). It is generally
used to advance the chin for correction of micro-
genia in the setting of normal occlusion. Moreover,
a segment of bone can be removed and the vertical
dimension of the chin reduced (Fig. 7). Alternatively,
an interposition bone graft or alloplastic material
can be inserted at the osteotomy site to increase the
vertical dimension of the chin (Fig. 8). In a patient
with chin asymmetry, an osteotomy can be per-
formed and the chin point moved transversely to the
midline (Fig. 9).

SEGMENTAL DENTOALVEOLAR OSTEOTOMIES.
These osteotomies interrupt the dental arch and
maxillomandibular relationships. If a segment of
dentoalveolar bone is removed, the anteroposterior
dimension of the dental arch is reduced, and if a
bone graft is placed at the osteotomy site, the dimen-
sion is increased, often with a residual interdental
space. These procedures are especially indicated
when osteotomy/ostectomy can be performed in an
existing interdental space.

Although an anterior open bite deformity can 
be corrected by anterior segmental maxillary or
mandibular dentoalveolar osteotomy, the preferred
technique is vertical impaction of the posterior max-
illary dentoalveolar segment (Fig. 10).

BILATERAL SAGITTAL SPLIT OSTEOTOMY. A bi-
lateral sagittal split osteotomy extends across the
lingual aspect of the ramus above the lingula or
entrance of the inferior alveolar nerve (Fig. 11). It
continues along the oblique line and is extended
through the buccal cortex to the inferior border of
the mandible. The ramus is split along the sagittal
plane, with a wide bony surface left for eventual
bony union. The osteotomies, which are performed
through intraoral incisions, are versatile and can be
used to advance the mandible by moving the tooth-
bearing segment forward in patients with micro-
gnathia or moving the segment posteriorly in
patients with mandibular prognathism and class III

Figure 6 • Sliding genioplasty. A, The osteotomy is made 
in a plane parallel to the occlusal surface; there is no change
in the vertical dimension. B, Lag screws provide fixation. The
poles of the advanced segment have been contoured. (From
McCarthy JG [ed]: Plastic Surgery. Philadelphia, Saunders,
1990, p 1315.)

malocclusion. It also permits movement of the tooth-
bearing segment in the vertical dimension (three
dimensionally), as in patients with craniofacial
microsomia. A bilateral sagittal split osteotomy is
often combined with a LeFort I osteotomy in “two-
jaw” surgery. Although it is a versatile osteotomy, it
carries a significant risk of injury to the inferior
alveolar nerve and problems associated with
improper seating of the condyle in the glenoid fossa.

Rigid skeletal fixation (usually lag screws placed
between the ramal segments) usually obviates the
need for postoperative MMF.

VERTICAL/OBLIQUE OSTEOTOMIES. Vertical/oblique
osteotomies, also performed through intraoral inci-
sions, have traditionally been used for correction 
of mandibular prognathism (Fig. 12). Bilateral
osteotomies extend from the sigmoid notch to the
region of the angle of the mandible. The tooth-
bearing segment is moved posteriorly to establish
normal occlusion. The condylar segments overlap
the tooth-bearing segments to provide a site for bony
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Figure 7 • Vertical shortening of the chin by removal of a wedge of bone. A, Area of bone resection. B, The lower
segment is displaced in a vertical (or anterior) direction and secured by rigid skeletal fixation. (From McCarthy JG [ed]:
Plastic Surgery. Philadelphia, Saunders, 1990, p 1320.)

Figure 8 • The sandwich procedure. Horizontal osteotomy is combined with an interposition bone graft or piece of hydroxyapatite
for vertical elongation of the anterior portion of the mandible and for increasing the prominence of the chin. A, The line of osteotomy.
B, The bone graft is interposed, in sandwich fashion, between the genioplasty segment and the body of the mandible and is secured
with lag screws.
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Figure 9 • Correction of lateral deviation of the chin by hor-
izontal osteotomy. A, The vertical (midsagittal) dotted line
shows the amount of deviation of the chin to the left. B, After
the horizontal osteotomy, the genioplasty segment is displaced
toward the right. The broken line outlines the protruding bone,
which is resected to obtain a smooth contour. (From Converse
JM, Wood-Smith D: Horizontal osteotomy of the mandible.
Plast Reconstr Surg 34:464, 1974.)

Figure 10 • Schuchardt procedure for closure of an anterior open bite. A, In the first stage, bilateral osteotomies
of the alveolar processes are performed as outlined. The palatal flap is reapplied to preserve the vascular supply. 
B, Six weeks later, a buccal mucoperiosteal flap is raised, and the lateral aspect of the maxilla is exposed. A segment
of the maxilla above the apices of the teeth is resected as indicated by the shaded area. C, Correction of the open
bite achieved after vertical repositioning of the posterior maxillary segments; rigid skeletal fixation is applied. The tech-
nique can also be performed without a palatal flap in one stage. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia,
Saunders, 1990, p 1358.)
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union. This osteotomy can also be used in patients
with mandibular deficiency. The tooth-bearing
segment is moved anteriorly and interpositional
bone grafts placed and rigidly fixated in the result-
ing defect at the osteotomy site.

The technique suffers the disadvantage that
MMF is generally required to permit consolidation
at the osteotomy site.

MANDIBULAR DISTRACTION. In recent years, dis-
traction osteogenesis has become more widely used

A B

Figure 11 • Bilateral sagittal split osteotomy. A, Note the line of osteotomy across the lingual cortex of the ramus, oblique line, and
buccal cortex. B, Insertion of lag screws after drill holes are made through a percutaneous trocar to secure advancement of the tooth-
bearing fragment.

Figure 12 • Setback of the tooth-bearing segment with overlapping of the ramal fragments. Contouring of the condy-
lar fragment may be indicated, and removal of the attached medial pterygoid is necessary to ensure bone-to-bone appo-
sition. Note the technique of interosseous wire fixation of the ramal fragment to seat the condyle in the glenoid fossa.
(From McCarthy JG [ed]: Plastic Surgery. Philadelphia, Saunders, 1990, p1238.)

for correction of mandibular deficiencies and asym-
metry. The technique includes an osteotomy across
which a distraction device is placed and secured
with screws or pins (Fig. 13). The vector or orienta-
tion of the device relative to the maxillary occlusal
plane is critical in planning the direction 
of mandibular movement. For example, a vertical
vector is preferred to lengthen the deficient
mandibular ramus, whereas a horizontal vector is
used to correct deficiency of the body. After a latency
period of 5 days, activation of the device is initiated
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Figure 13 • Technique of mandibular distraction. A, Intraoral incision along the ramal
remnant. B, Proposed line of osteotomy (interrupted line) with drill holes. C, Insertion
of the fourth pin. D, Buccal corticotomy with a power saw. E, Application of a distrac-
tion device on the four pins. F, Generation of bone after activation of the device. (From
Mathes SJ, Hentz R: Plastic Surgery, 2nd ed. Philadelphia, Elsevier, in press.)
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at the rate of 1 mm/day. After the planned occlusion
and mandibular position are achieved, activation 
is discontinued and the devices are left in place 
for an additional 8 weeks to allow consolidation of
the bony generate. The technique has found par-
ticular application in patients with unilateral 
craniofacial microsomia and bilateral mandibular
deficiency, especially younger, growing patients with
respiratory insufficiency and sleep apnea. It has
eliminated the need for MMF, bone grafts, blood
transfusions, and prolonged operative times and
hospital stays. Because the skeletal elongation is
performed gradually (1 mm/day) and because there
is also associated elongation of the attached soft
tissue, the relapse rate is significantly reduced in
comparison to traditional orthognathic surgical
techniques.

LEFORT I OSTEOTOMY. A LeFort I osteotomy may
be the most useful osteotomy for reconstruction of
both simple and complex jaw deformities (Fig. 14).
The osteotomy extends across the anterolateral
aspect of the maxilla to and through the pterygo-
maxillary junction. Osteotomies are made through
the medial and posterior walls of the maxillary sinus
and the base of the septum. The tooth-bearing 
maxillary (LeFort I) segment, once liberated, can be
moved in an anterior direction as in a cleft palate
patient, superiorly after removal of a maxillary
segment as in a patient with long-face syndrome,
inferiorly with interposition of a bone graft as in a
patient with short-face syndrome, or in a complex
multidimensional movement as in a patient with
unilateral craniofacial microsomia. LeFort I

osteotomy is often combined with mandibular
osteotomy or distraction (two-jaw surgery) (Fig. 15).

The use of rigid skeletal fixation (plates and
screws) obviates the need for postoperative MMF.

LEFORT III OSTEOTOMY. A LeFort III osteotomy is
performed through a coronal incision with or
without eyelid incisions. The osteotomy is made
through the nasofrontal junction, medial orbital
wall, orbital floor, lateral orbital wall, zygomatic
arch, and lateral maxilla to and through the ptery-
gomaxillary fissure (Fig. 16). The septum is sec-
tioned and temporary MMF is established while
rigid skeletal fixation is achieved at the nasofrontal
junction, lateral orbital regions, and zygomas. Inter-
positional bone grafts are placed at the buttress
locations.

The midface segment can be advanced to expand
orbital volume (and correct exorbitism), increase
zygomatic projection, and advance the maxillary
dentoalveolus (and correct a class III malocclusion).

MAXILLARY-MIDFACE DISTRACTION. In recent
years, the distraction technique has become an
alternative to classic midface advancement
osteotomies and bone grafts. It is the preferred tech-
nique for midface advancement in patients whose
growth is not completed. Internal and external
devices have been used (Fig. 17). The LeFort III
osteotomy is performed as described earlier, the
devices are applied, and after a latency period of 5
days, activation is initiated at the rate of 1 mm/day
until the desired occlusion and craniofacial form are
achieved. 

Figure 14 • Versatility of the LeFort I osteotomy. Note the multiple directions in which the tooth-bearing segment
can be mobilized. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia, Saunders, 1990, p 1369.)
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Figure 15 • LeFort I advancement osteotomy. A, Lines of
osteotomy and direction of the planned movement. B, Ante-
rior mobilization of the maxillary segment with restoration of
the occlusion. C, Miniplate fixation. (From McCarthy JG [ed]:
Plastic Surgery. Philadelphia, Saunders, 1990, p 1370.)
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Figure 16 • Subcranial LeFort III advancement osteotomy with bone grafting. A, Lateral view demonstrating the pathol-
ogy. Note the midface hypoplasia, anterior crossbite, and anterior open bite. B, Lines of osteotomy: across the nasofrontal
junction and through the medial orbital wall, floor of the orbit, full thickness of the lateral orbital wall, zygomatic arch
and retromaxillary area, and pterygomaxillary junction. C, Mobilization of the osteotomized segment and the resulting
skeletal defects. D, Autogenous bone grafts are placed in the nasofrontal junction, lateral orbital wall, zygomatic arch,
and pterygomaxillary fissure defects. Fixation is obtained by miniplates. (Adapted from Luce C in Mathes SJ, Hentz R:
Plastic Surgery, 2nd ed. Philadelphia, Elsevier, in press.)
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Pearls and Pitfalls

• The patient must understand that he or she is
embarking on a treatment program involving
not only a surgical procedure but also pro-
longed periods of preoperative and postopera-
tive orthodontic therapy.

• Detailed preoperative planning by the ortho-
dontist and surgeon is critical for the success of
the treatment program.

• An anesthesiologist experienced in orthog-
nathic surgery is required for maintaining the
airway.

• Bony union at the osteotomy sites is not possi-
ble without secure fixation techniques.
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Figure 17 • A, The external halo midface distraction device. The halo is secured to the cranium with large screws, to the infraorbital-
zygomatic area with wires to skeletal screws, and to the maxillary occlusion with wires to a dental splint. B, A buried midface distrac-
tion device. The lines of osteotomy (subcranial LeFort III) are designated. The device is secured with multiple screws attached to the
device on either side of the osteotomy. The activating component is passed through a separate incision in the scalp to allow easy
access. (From Mathes SJ, Hentz RL: Plastic Surgery, 2nd ed. Philadelphia, Elsevier, in press.)



Cancer of the tongue and oral cavity is relatively
uncommon, but it can have a major impact on
quality of life. It often affects self-perception, inter-
action with others, and the basic functions of speech,
deglutition, and breathing. It is vitally important for
the surgeon to detect the tumor early, determine the
extent of lymphatic involvement, and establish a
safe and logical treatment plan. This chapter pro-
vides an overview of the anatomy of the oral cavity,
the varieties of tumors in this site, their metastatic
patterns of spread, ablative techniques, adjunctive
treatments, and the potential need for reconstruc-
tion. Neck anatomy, neck dissection techniques, and
adjunctive treatments are discussed in the chapter
“Principles of Head and Neck Oncology”.

Etiopathogenesis

Between 30% and 40% of the 60,000 head and neck
malignancies in the United States involve the oral
cavity. Approximately 9500 people die annually of
cancer of the oral cavity; about 45% of these deaths
are due to local and regional disease, with the
remainder being due to metastatic disease. Many of
these deaths are preventable, as early detection and
appropriate treatment are associated with a high
cure rate.

Alcohol and tobacco (which appear to act syner-
gistically in these patients) act as local irritants of
the mucosa and are associated with most cancers 
of the lips, oral cavity, and oropharynx in the 
United States. Ethanol is believed to serve as a
direct mucosal irritant (promoter or cocarcinogen),
whereas tobacco carcinogens play the initiator role.
Areas of anatomic dependency—the gingivobuccal
and gingivolingual sulci and the floor of the mouth—
concentrate these substances, a finding that may
explain the higher frequency of tumors in these
areas through a prolonged direct contact mecha-
nism. Smokers have an increased relative risk of
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oral cancer of approximately six times that of non-
smokers. The combination of alcohol and tobacco
consumption synergistically (not simply additively)
increases the relative risk of oral cavity malignancy
to 15 times that of individuals with neither habit.
Other factors that can contribute to oral malignancy
include poor oral hygiene, poorly fitting dental appli-
ances, viral infection, chronic mouthwash use, nutri-
tional deficiency, and occupational exposures.

It has also been suggested that oral malignancies
develop as a result of immune incompetence or
failure of host defense mechanisms. Anecdotal evi-
dence for such pathogenesis is found in relatively
young patients (<30 years of age) and elderly women
(>70 years of age) who have never smoked or
ingested alcohol, yet in whom the same tumors
develop as in those who have abused these sub-
stances. It is also commonly known that individuals
who have one cancer of the aerodigestive tract (head
and neck, lung, esophagus) are at greater risk for a
second cancer, particularly if they continue the
social habits that produced the first one.

Pathologic Anatomy (Fig. 1)

Premalignant Lesions

Leukoplakia, or white patch, is frequently a cause
for great concern; however, it undergoes malignant
change in only 5% of cases. Once observed, leuko-
plakia should be monitored by both the clinician and
the patient, but it should undergo biopsy only if it
changes in character, seems to be invasive, or
becomes painful. Biopsy usually shows epithelial
hyperplasia, but lesions with dysplasia tend to have
a high rate of malignant transformation.

Erythroplakia, in contrast, is less common and
much more aggressive, with a propensity for the
development of malignancy in more than 90% of
patients. Carcinoma in situ is often found at the
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quently produce blood-tinged sputum. The lesion is
rarely associated with local pain. Once SCC is estab-
lished, its growth is steady and unresponsive to local
medicinal measures (e.g., antibiotics, mouthwash).
As the tumor grows, it can spread along tissue
planes of muscle, fascia, and nerves, all of which
produce symptoms that can potentially divert the
clinician’s attention from the tumor (e.g., ear pain,
headache, toothache).

VERRUCOUS CARCINOMA. Pathologically consid-
ered a low-grade variant of SCC, verrucous carci-
noma has unique characteristics that deserve
special mention, including the fact that it classically
occurs in the buccal mucosa of older women who do
not have a history of smoking or alcohol ingestion.
Verrucous carcinoma is exophytic and nonaggres-
sive and never metastasizes to lymph nodes or other
sites. Once the proper diagnosis is made, the condi-
tion should be treated by surgery, as verrucous car-
cinoma is relatively radioresistant. Because there
are no preventable predisposing factors, it often
recurs in the same patient, not as a local failure, but
as a second or even a third primary tumor. The key
to appropriate treatment of this disease is accurate
diagnosis by adequate biopsy. It is essential to take
serial sections of the primary tumor to make sure
that there are no areas of more infiltrative squa-
mous disease. These patients require frequent
follow-up, just as those with more invasive disease.

Figure 1 • Anatomy of the tongue and oral cavity.

initial diagnosis of erythroplakia. As with leuko-
plakia, there is rarely an apparent etiologic factor
associated with its appearance. Biopsy is indicated
at initial evaluation.

Lichen planus rarely undergoes malignant
change. Patients with this disease, particularly the
erosive form, should be managed by regular long-
term follow-up.

Staging of Oropharyngeal and Oral
Cavity Tumors

Staging and 5-year survival rates are presented in
Table 1.

Malignant Lesions

SQUAMOUS CELL CARCINOMA. Squamous cell
carcinoma (SCC), the most common type of cancer
of the tongue and oral cavity, accounts for more than
90% of cancers in these areas. SCC grows along
mucosal surfaces and infiltrates deeper structures
in a fairly predictable pattern. Although other his-
tologic types seen in the head and neck include
primary tumors of the minor salivary glands, lym-
phoma, sarcoma, and melanoma, these tumors are
so uncommon that they are mentioned only for the
sake of completeness.

Most SCCs of the upper aerodigestive tract man-
ifest as an ulcer that does not heal, and they fre-
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MINOR SALIVARY GLAND NEOPLASMS. Malig-
nant tumors occur in the minor salivary glands of
both the hard and soft palate and the lips. These
glands are ubiquitous throughout the oral cavity.
When a tumor does develop in a minor salivary
gland, it is usually a firm, painless, submucosal
mass. Differentiation between benign and malig-
nant tumors cannot be made clinically, but more
than two thirds of these tumors are malignant. The
most common malignant gland tumor within the
oral cavity is adenoid cystic carcinoma, followed by
mucoepidermoid carcinoma and adenocarcinoma.
Definitive treatment of these tumors is individual-
ized according to the aggressiveness of the tumor
and its size, location, and previous treatment.

Mechanisms of Tumor Spread

Local Extension

SCC can usually be characterized in one of three
ways:

1 Superficial, exophytic
2 Infiltrating
3 Ulcerating/fungating

The exophytic variant tends to be superficial and
spreads along the mucosal surface, whereas the
ulcerating variety invades early and produces an
“iceberg” effect. Infiltrating, fungating tumors
metastasize earlier than exophytic tumors do. The
degree of local extension is directly related to the
size and location of the tumor.

Regional Metastasis

Lymphatic spread of the tumor usually takes place
after the primary tumor is readily identifiable. The
time frame of occurrence of pathologically suspicious
lymph nodes in the neck is frequently related to the
aggressiveness of the primary tumor, its size, and
differentiation, but tumor size is not necessarily
directly related to regional metastases. The most
obvious example of this is a patient with biopsy-
proven SCC in the neck and no apparent primary
tumor (“unknown primary”). The pattern of regional
dissemination via the lymphatics from oral and
oropharyngeal cancer has been well documented.

Oral cavity cancers initially drain into the sub-
mental and supraomohyoid lymph nodes (zone I)
and then to the upper deep jugular chain (zones II
and III; see Fig. 3 in the chapter “Principles of Head
and Neck Oncology”). Bilateral nodal involvement is
commonly seen in patients with very large tumors
that cross the midline and those originating from
the midline (e.g., floor of the mouth). Although the
incidence of cervical metastases in T1 and T2
tumors is between 10% and 20%, as the tumor
increases in size and aggressiveness (T3 and T4),

TABLE 1 Staging for Cancer of the Oropharynx

and Oral Cavity (Including the Lip), with 5-Year

Survival Rates by Stage 

PRIMARY TUMOR (T)

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but not more than 4 cm in

greatest dimension
T3 Tumor more than 4 cm in greatest dimension
T4 Lip: Tumor invades adjacent structures (e.g., through

cortical bone, tongue, skin of the neck)
T4 Oropharynx and oral cavity: Tumor invades adjacent

structures (e.g., through cortical bone, soft tissues of
the neck, deep [extrinsic] muscle of the tongue)

REGIONAL LYMPH NODES (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in a single ipsilateral lymph node, 3 cm or

less in greatest dimension
N2 Metastasis in a single ipsilateral lymph node, more

than 3 cm but not more than 6 cm in greatest
dimension; or in multiple ipsilateral lymph nodes,
none more than 6 cm in greatest dimension; or in
bilateral or contralateral lymph nodes, none more
than 6 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph node, more
than 3 cm but not more than 6 cm in greatest
dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none
more than 6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes,
none more than 6 cm in greatest dimension

N3 Metastasis in a lymph node, more than 6 cm in
greatest dimension

DISTANT METASTASIS (M)

MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

APPROXIMATE 
5-YEAR SURVIVAL 

STAGE GROUPING RATE (%)

0 Tis, N0, N0 99%
I T1, N0, M0 90%-92%
II T2, N0, M0 75%-85%
III T3, N0, M0

T1, N1, M0
T2, N1, M0 50%
T3, N1, M0

IV T4, N0, M0
T4, N1, M0
Any T, N2, M0 25%-35%
Any T, N3, M0
Any T, any N, M1

(Used with the permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the
AJCC Cancer Staging Manual, 6th ed [2002], published by Springer-
Verlag, New York, www.springer-ny.com.)
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the incidence of disease in the nodes becomes
greater than 50%. When neck nodes are involved
with disease, the survival rate plunges to half of
what it would otherwise be. To some extent, the loca-
tion of the primary tumor dictates the specific treat-
ment of the neck. For example, an invasive T1 or T2
tumor of the mobile tongue produces metastases to
the neck nodes much earlier than a similarly staged
tumor of the lip does. The predilection for nodal
disease is discussed in more detail with each
anatomic site.

Distant Metastasis

It is highly unusual for a metastatic lesion below the
clavicle to arise from a primary, untreated cancer of
the lip or oral cavity. In fact, when such a lesion is
suspected in the initial workup, the chances are
great that it is in fact a second primary cancer. The
most common site for development of a second
primary cancer is the lung. This “distant disease”
finding requires a workup as though it were a
primary tumor because such is commonly the case.
The importance of distinguishing between the two
cannot be overstated. For example, treatment of two
synchronous primary tumors carries a better prog-
nosis than does treatment of a primary tumor with
a distant metastasis.

As treatment of the primary and regional disease
becomes more predictable with higher cure rates,
there is a greater incidence of distant disease that
is fatal in most patients. Interestingly, over the past
50 years the percentage of people with cancer of 
the oral cavity who have died of the disease has
remained the same. However, rather than dying of
recurrent local and regional disease, they have died
of distant disease occurring below the clavicles.

After a primary tumor has failed some type of
definitive treatment (e.g., surgery or surgery plus
radiation therapy), the chance for distant disease
increases significantly. Therefore, a suspicious lesion
of the lung, brain, bone, or liver, although requiring
biopsy to confirm the diagnosis, may be assumed to
be a metastatic lesion rather than a second primary
lesion. The reason for this difference is thought to be
related to the alteration in lymphatic drainage that
occurs after surgery and radiation therapy. Distant
metastasis carries a grave prognosis.

Diagnostic Studies

History, physical examination, and biopsy of the
lesion are essential, as are questions regarding
tobacco and alcohol use, pain, weight loss, dyspha-
gia, odynophagia, otalgia, hemoptysis, hoarseness,
articulation difficulties, bleeding, presence of ulcers,
hypoesthesia, loose teeth or ill-fitting dentures,
trismus, throat irritation or pain, drooling, and voice
change or loss. A blood count and liver function tests

are required because these patients are prone to
chronic anemia and liver disease related to alcohol
ingestion.

Tissue biopsy is critical, and specimens may be
obtained with punch forceps. The biopsy sample
should include a portion of the tumor that does not
contain an excessive amount of necrosis. Fine-
needle aspiration is a valuable tool for evaluation of
questionable neck masses. It does not alter later
therapy and is usually quite accurate.

The following are the major objectives of imaging
studies:

1 Assess the size and extent of the primary
cancer.

2 Determine the presence of bony invasion or 
perineural spread.

3 Assess the extent of regional spread and
distant metastasis.

4 Rule out a second primary.

A chest radiograph is usually sufficient radiologic
workup for cancers of the tongue and oral cavity. It
is ordered primarily to look for a second primary
tumor in the lung because most of these patients
have a significant history of tobacco abuse. Com-
puted tomography (CT) is the primary modality of
imaging tumors of the oral cavity and the neck.
Magnetic resonance imaging, which gives excellent
definition of the extent of cancer involving the
tongue, is reserved for situations in which CT is not
useful. Such situations include contrast allergy,
excessive dental artifacts, lesions that are not
visible on CT, and the possibility of perineural
spread. Positron emission tomography (PET) is an
emerging technology that appears to have promise
in detecting recurrent or metastatic disease, or both,
in the neck. Panoramic radiographic films can be
used for adjunctive assessment of invasion of the
mandible by cancer.

Reconstructive Goals

The basic principles of reconstruction of the oral
cavity include the following:

1 Repair or reconstruction should not compro-
mise or limit ablative surgery.

2 The reconstruction should not add to the mor-
bidity of ablative surgery.

3 Immediate reconstruction is preferred.
4 An attempt to replace “like tissue with like

tissue” should be made in all cases by using the
patient’s own soft tissue and bone.

5 Adapt the reconstruction to the needs of the
patient.

A small intraoral or tongue surgical defect less
than 2 cm in size can usually be closed primarily.
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Larger defects may be reconstructed with a skin
graft, regional flap, or free tissue transfer. The goal
of reconstruction is to replicate the function and
appearance of the resected tissue. Split-thickness
skin grafts are often used for reconstruction. They
are usually the most expedient and efficacious
reconstruction for small defects because they mini-
mize morbidity without hindering swallowing or
speech.

Larger defects may require a local or regional
flap. Small intraoral defects can be reconstructed
effectively with palatal, tongue, and buccal mucosal
flaps, but usually at the cost of decreased function.
Regional flaps used in reconstruction of the oral
cavity include the pectoralis major, trapezius, and
latissimus dorsi flaps. The most commonly used re-
gional flap for the oral cavity is the pectoralis major
flap. This flap is reliable, with a failure rate of 3%
to 15%. Its disadvantages are lack of bone and the
limited extent to which it can reconstruct the oral
cavity as a result of tethering by its pedicle. Because
of the bulk of the flap, oral function is often poor.

The benefits of free tissue transfer include:

1 Superior blood supply
2 Greater range of tethering by the vascular

pedicle
3 Greater variety and versatility of donor sites

Disadvantages of free tissue transfer include the
complexity of the technique and the increased sur-
gical time. In many situations, free flaps offer the
best reconstructive option. These situations include:

1 Bony defects, particularly of the anterior
portion of the mandible

2 Defects that require considerable bulk and soft
tissue

3 Defects that are not amenable to regional flaps
because of location

The free tissue transfers most commonly used in
the oral cavity are the rectus abdominis and the
radial forearm flaps. Free flaps also hold the poten-
tial for creation of a sensate flap through a neural
anastomosis.

Treatment

A number of options are available to treat cancer of
the oral cavity: surgery alone, radiation therapy
alone, or surgery combined with postoperative radi-
ation therapy. The modality used clearly depends on
the stage of the tumor, the physiologic and emo-
tional status of the patient, and the patient’s pref-
erence. In the hands of most head and neck
surgeons, most cancers of the oral cavity and tongue
should be treated with surgery. Postoperative irra-
diation is indicated as an adjunct when there are
poor prognostic indicators.

Resection of the floor of the mouth, buccal
mucosa, tongue, and mandible can be performed via
one of four approaches: transoral, mandible sparing
(pull through), mandibulotomy, or composite resec-
tion (including the mandible and associated neck
dissection). Factors that might influence the
approach include the size, location, and invasive
characteristics of the tumor; mandible invasion (or
suspicion thereof); need for neck dissection; and 
previous treatment (surgery or radiation therapy, 
or both).

Transoral Resection

Transoral resection is reserved for smaller lesions
that are easily accessible. Tumors removed via the
transoral approach are usually anterior, superficial,
and well-circumscribed lesions of the floor of the
mouth, mobile (anterior two thirds) tongue, the
buccal mucosa, or the palate. Included would be all
T1 and early, exophytic T2 cancers. If the tumor
involves the submandibular duct, reconstruction is
not usually attempted, nor is it necessary. In these
early lesions, discontinuous neck dissection is easily
accomplished if dictated by the primary tumor.
Defects resulting from resection of small tumors of
the floor of the mouth can be left to heal secondar-
ily, with little morbidity. If the wound is larger, a
split-thickness skin graft suffices. Defects affecting
less than a third of the tongue can be closed pri-
marily, with little long-term morbidity in speech or
swallowing.

A variation of transoral resection is resection of
the upper half of the mandible as a marginal resec-
tion. Such surgery is usually performed when there
is no obvious clinical tumor involvement of the
mandible. Reconstruction is accomplished with a
split-thickness skin graft placed on the cancellous
bony surface of the remaining mandible.

Pull Through Procedure

The pull through procedure is ideal for moderate-
sized cancers of the anterior and lateral floor of the
mouth areas, particularly if the mandible is not
involved or part of the mandible has been removed
as a deep margin. This approach has the distinct
advantage of maintaining the contour of the
mandible while excising the primary tumor in con-
tinuity with the neck specimen. Reconstruction is
usually accomplished with a free tissue transfer.

Mandibulotomy

Patients with a large tumor of the posterior portion
of the oral cavity that does not involve the mandible
are best suited for mandibulotomy. Also called a
“mandibular swing,” mandibulotomy divides the
mandible just lateral to the midline (anterior to 
the mental foramen), thereby preserving sensa-
tion to the lip. Once the tumor is resected and 
reconstruction is performed (e.g., skin graft or 
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musculocutaneous, regional, or free flap), the man-
dible is returned to its original position and plated.
This approach can be used for patients regardless of
dentition. Another advantage of this method is that
the portion of the mandible that has been divided is
out of the field of postoperative radiation therapy.
Mandibulotomy is the most common approach for
resection of tumors of the retromolar trigone, base
of the tongue, tonsils, and lateral pharyngeal wall.

Mandibulectomy

Tumors that approximate the gingiva should be
resected with the gingiva and periosteum as an
additional deep margin, and those that appear to
involve the periosteum should be resected with an
additional deep margin of bone. This last procedure
is termed a marginal mandibulectomy. Depending
on the extent of tumor involvement, resection of a
bicortical rim of bone at the upper aspect of the alve-
olus (rim mandibulectomy) or selective removal of
the inner cortex with the use of a vertical or oblique
resection (sagittal mandibulectomy) may be neces-
sary. Surgeons should leave at least a 1-cm-thick
segment of bone inferiorly after rim mandibulec-
tomy to reduce the risk for pathologic fractures. If
this segment is preserved, rim mandibulectomy has
been reported to be more resistant than sagittal
mandibulectomy to fracture.

Composite Resection with
Mandibulectomy

If the mandible is involved with cancer, it must be
removed as a full-thickness, segmental resection.
When such late-stage disease is treated, there is
almost always a soft tissue deficit, and restoration
of both bone and soft tissue is necessary. Recon-
struction may often require a free tissue transfer
(and at times two transfers), to be performed imme-
diately after ablative surgery. A composite resection
is generally used when the tumor invades the lateral
or anterior arch of the mandible. In the latter
setting, immediate reconstruction is required, and
in the former, it is highly desirable. The indicated
neck dissection can be carried out at the same time
as resection of the primary tumor.

Cancers of the retromolar trigone may already be
advanced at first examination because only a thin
layer of soft tissue overlies the bone in this region
and invasion of the underlying bone may occur early.
In addition, there are multiple pathways for spread
from this site, including the buccal mucosa, tonsil-
lar fossa, glossopharyngeal sulcus, floor of the
mouth, base of the tongue, hard and soft palate,
masticator space, and maxillary tuberosity. Because
patients tend to have advanced disease of the retro-
molar trigone at initial evaluation, many patients
are also found to have regional metastases at that
time.

Postoperative Care

Intraoperative Complications

Intraoperative complications include injury to the
neurovascular structures or the thoracic duct.
Bleeding from the internal jugular vein is especially
risky because of the potential for an air embolus.
The risk for air embolism is highest when the head
of the patient’s bed is elevated and the patient is
breathing spontaneously.

Postoperative Complications

In addition to the universal potential postoperative
complications of pneumonia, deep venous thrombo-
sis, fluid overload, and other cardiopulmonary prob-
lems, surgical procedures involving the oral cavity
have unique postoperative complications related to
the site of the wound. Surgical complications may
include infection, orocutaneous or pharyngocuta-
neous fistulas, and carotid artery rupture.

Site-Specific Treatment Sequelae

1 Patients with cancer of the tongue, floor of the
mouth, alveolar ridge, and retromolar trigone
often experience problems with deglutition 
and speech as a result of either surgery or 
irradiation.

2 Resection of the anterior arch of the mandible
results in the “Andy Gump” deformity, which
causes poor aesthetic, swallowing, and speech
outcomes. As stated previously, these patients
should always be reconstructed immediately.

3 Fractures of the mandible can occur after mar-
ginal mandibulectomy.

4 Exposure of the mandible can occur when
insufficient soft tissue coverage is provided.

5 Surgical procedures of the palate and retromo-
lar trigone can result in hypernasality.

Prognosis

Five-year locoregional control rates of 91% and sur-
vival rates of 55% to 62% are achievable for early-
stage SCC of the tongue, depending on nodal
involvement. Advanced-stage disease is usually
managed with multimodality therapy, including
surgery, irradiation, and sometimes chemotherapy.
These patients have a 3-year survival rate of 40% to
50%. Locoregional control remains a challenge in
the treatment of cancer of the floor of the mouth. It
is the major source of treatment failure for these
patients. Distant metastasis is uncommon (10%) but
occurs after local failure. Five-year survival rates for
patients with cancer of the floor of the mouth range
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from 64% to 80% in the case of stage I disease, 61%
to 84% for stage II disease, 28% to 68% for stage III
disease, and 6% to 36% for stage IV disease.

Physiologic tests of speech and swallowing can
provide a standardized, reproducible way to assess
outcome in patients with cancer of the oral cavity.
These measures are often integrated with psycho-
metric assessment.

Pearls and Pitfalls

• SCC is by far the most common primary tumor
of the tongue and oral cavity.

• The preferred method of treatment of cancer of
the tongue and oral cavity is surgery followed
by irradiation, when indicated. Primary radia-
tion therapy is rarely indicated.

• A complete workup of patients with cancer of
the tongue and oral cavity includes a thorough
history and physical examination (for staging
purposes), a chest x-ray, and appropriate
medical evaluation.

• After a patient has survived 24 months without
recurrence of cancer of the tongue and oral
cavity, the chance of being cured is 90%.

• All cancers of the tongue and oral cavity should
undergo immediate reconstruction.

• Although regional spread of cancer is pre-
dictable before treatment, recurrence after
therapeutic irradiation is not.
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Resection of the larynx, hypopharynx, and cervical
esophagus for advanced malignancy or for stricture
repair results in severe functional impairment. Loss
of speech and disruption of deglutition severely
handicap patients who are already nutritionally
depleted. The ideal reconstructive method would be
a single-stage procedure with low morbidity that
provides rapid restoration of function. Reconstruc-
tive methods have evolved from the use of skin flaps
alone to reconstruction with musculocutaneous
flaps, visceral transposition, and microsurgical free
tissue transfer.

Anatomy and Physiology

The hypopharynx is a muscular, funnel-shaped tube
composed of five paired striated muscles with a
narrow lower end that becomes continuous with the
esophagus at the level of the sixth cervical vertebra
(Fig. 1). The superior, middle, and inferior constric-
tors compose the outer circular musculature. They
overlay along the posterior wall of the pharynx 
and insert on the central raphe. Successive contrac-
tions of the constrictor muscles propel food into the
esophagus. The inner, longitudinal musculature 
is composed of the stylopharyngeus and the
palatopharyngeus, which insert on the posterior
border of the thyroid cartilage. They act to elevate
the larynx and pharynx during swallowing. The
cricopharyngeal muscle originates from the cricoid
cartilage looping around the exit of the pharynx. It
acts as a physiologic sphincter to prevent entry of
air into the esophagus between acts of swallowing;
it is continuous without an insertion into the central
raphe.

Swallowing is a complex function requiring coor-
dination of numerous rapidly occurring processes.
During the oral phase, the tongue moves food from

The Pharyngoesophageal 
Region

GRANT W. CARLSON

the front of the oral cavity to the anterior faucial
arches, where the swallowing reflex is initiated.

Coordinated motor stimulation results in four
sequential stages of pharyngeal swallowing: (1)
closure of the soft palate, (2) peristaltic contraction
of the pharyngeal constrictors, (3) elevation and
closure of the larynx, and (4) relaxation of the
cricopharyngeus muscle.

The tongue is the main force for propelling food
through the pharynx. It functions as a piston, with
the pharyngeal walls acting as a chamber for the
pump. Manofluorometry has been used to analyze
patients after both gastric transposition and free
jejunal flap reconstruction of the hypopharynx and
cervical esophagus. The reconstructed segment was
found to function as a passive conduit. Dysphagia
can therefore occur as a result of either impaired
lingual coordination or functional obstruction. In
addition, excision of the wall of the oropharynx or
hypopharynx interferes with the sensory innerva-
tion responsible for triggering the swallowing reflex.
Impaired lingual propulsion also results in loss of
bolus control, as well as decreased driving force.
Moreover, stricture formation is most often seen at
the distal anastomosis, but anatomic obstruction
can also occur as a result of flap redundancy or
excessive bulk, as previously noted in patients who
have undergone reconstruction with a pectoralis
major musculocutaneous flap. Dysphagia can occur
even though large dilators can pass through 
the reconstructed segment. A long reconstructed
segment also results in greater impedance to the
driving force of the tongue.

Jejunal peristalsis was originally though to aid in
food passage; however, the jejunum is not a rapid-
transit organ and has a predominance of type I, or
mixing, peristaltic waves. Its segmental bowel con-
traction serves a mixing function that can impede or
delay the food bolus. Thus, functional hypopharyn-
geal reconstruction is more dependent on the extent



The Pharyngoesophageal Region —— 173

H
ead

 an
d

 N
eck, R

eco
n

stru
ctio

n

of the extirpative defect and less on the method used
to reconstitute gastrointestinal continuity.

Reconstructive Goals

The two goals of pharyngoesophageal reconstruction
are to:

1 Restore the ability to swallow safely
2 Provide an anatomic conduit that permits

esophageal speech

Diagnostic Studies

Examination under anesthesia is essential to deter-
mine the extent and location of tumor invasion or

pharyngeal stricture. A length of 20 cm can be recon-
structed with a free jejunal flap or radial forearm
flap. Resection extending into the superior medi-
astinum would entail total esophagectomy, which
requires gastric transposition to restore gastro-
intestinal continuity.

Treatment

Most esophageal defects can be successfully
managed by gastric pull-up performed by a general
or thoracic surgeon without plastic surgical consul-
tation. Defects of the upper cervical esophagus or
hypopharynx, however, require plastic surgical tech-
niques, as this is beyond the safe reach of a gastric
pull-up procedure. Although the radial forearm free
flap has a role in pharyngoesophageal reconstruc-
tion (specifically, for large segmental defects), the

Mylohyoid m.

Digastric m.

Hyoglossus m.

Hyoid bone

Thyroid cart.

Cricoid cart.

Trachea

Superior constrictor m.
Styloglossus m.

Stylopharyngeus m.

Stylohyoid lig.

Middle constrictor m.

Stylohyoid m.

Inferior constrictor m.

Cricopharyngeus m.

Esophagus

Figure 1 • Anatomy of the pharynx.
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free jejunal flap has emerged as the option with the
greatest versatility and flexibility for a wide range
of defects. The free jejunal flap has therefore become
the preferred technique for reconstruction in this
area.

Circumferential defects of the hypopharynx and
cervical esophagus can be closed by a variety of
methods. Because of its lower morbidity and higher
success rate, the free jejunal flap has supplanted the
deltopectoral and pectoralis major flaps. The radial
forearm flap is useful for patients in whom lapa-
rotomy is contraindicated. It is associated with a high
rate of fistula formation but may allow better restora-
tion of voice than possible with the jejunal flap.

Free Jejunal Transfer

This method has become the standard technique for
reconstructing the hypopharynx and cervical esoph-
agus. Thorough preparation is key to a successful
outcome. Optimal nutritional repletion is necessary
in these patients, who are often emaciated and 
have suffered substantial weight loss. A two-team
approach is planned. Hydration and warmth of the
patient and avoidance of vasoconstrictors are criti-
cal for success.

It is helpful to reverse the operating table so 
that the surgeons have unencumbered access to the
patient’s head and neck. During the extirpative pro-
cedure, it is important that the surgeon preserve 
a useful proximal recipient vein (e.g., external
jugular) and artery (facial or superior thyroid), as
long as therapeutic resection is not compromised.

Toward the latter portion of the extirpation, when
the extent of the resection becomes defined, a second
surgical team begins the abdominal portion of the
procedure. An upper midline incision is made and 
a segment of jejunum about 40 cm distal to the 
ligament of Treitz is isolated. The length of jejunum
for cervical esophageal reconstruction averages 8 to

10 cm, but it depends on the resectional defect. A
reliable radial vascular arcade is identified within
the mesentery, and a suture is used to mark the
proximal end of the bowel to ensure isoperistaltic
placement. The vessel arcade is isolated (back light-
ing and vessel palpation are helpful), and a wedge
of supporting mesentery is divided. Meticulous tech-
nique prevents mesenteric hematoma. The bowel is
isolated, divided between clamps, wrapped in a
moistened laparotomy pad, and allowed to perfuse.
Routine bowel anastomosis is performed and the
mesenteric defect closed. A conventional tube gas-
trostomy is performed. The postablative defect is
measured, and the appropriate vessels are identified
and prepared in the neck. Arterial inflow is usually
provided by the superior thyroid or facial artery.
Venous outflow is generally provided by the exter-
nal jugular, facial, or internal jugular vein.

The jejunal segment is checked for viability. The
mesenteric vessels are divided, and the segment is
transferred to the head and neck and placed in an
isoperistaltic position. The proximal oropharyngeal
jejunal anastomosis is performed. The proximal
portion of the bowel can be opened along the antime-
senteric border and tailored to fit the defect from the
tongue to the posterior pharynx if necessary (Fig. 2).
At the completion of the pharyngeal-jejunal anasto-
mosis, the operating microscope is used to check the
vessels for torsion and contour, and the outflow of the
artery is checked for pulsatile flow. The deeper vessel
anastomosis is completed first.

The jejunal-esophageal anastomosis is performed
after completion of the microvascular anastomoses.
The neck is flexed and the length of jejunal segment
needed is determined after a period of flap perfusion.
The flap should be under slight tension to avoid
redundancy, which can result in functional obstruc-
tion to food passage. A small distal piece of vascu-
larized bowel and mesentery is brought through the
neck incision to serve as a monitor.

Jejunal
segment

Split jejunal wall

Superior thyroid a.

External jugular v.

Figure 2 • A free jejunal flap can be split to reconstruct defects extending to
the base of the tongue. A small jejunal segment is brought through the skin to
serve as a monitor.
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posure, especially when the resection extends
high on the pharyngeal wall.

• The jejunal-esophageal anastomosis is per-
formed after completion of the microvascular
anastomoses. The neck is flexed and the length
of the jejunal segment determined after a
period of flap perfusion.

• The incidence of flap necrosis should be less
than 10%.

• Fistulas form in approximately 20% of
patients, usually at the proximal anastomosis,
but the majority close without operative inter-
vention in nonirradiated fields.
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Postsurgical Care

After the free jejunal flap reconstruction, the patient
spends at least 1 day in the intensive care unit 
to optimize pulmonary management and permit 
flap monitoring. A gastrostomy tube with gravity
drainage is used for 24 to 48 hours until bowel func-
tion returns. Enteric feeding is started via the 
gastrostomy tube, and the patient takes nothing by
mouth for at least 7 days. At that time a Gastro-
grafin swallow is performed to detect occult leaks or
stricture. After a normal contrast study, oral intake
is commenced under the guidance of a speech and
swallowing specialist.

Pearls and Pitfalls

• The jejunal flap has to be placed in an isoperi-
staltic position under slight tension. Jejunal
redundancy and a reversed segment can result
in functional obstruction to food passage.

• Anastomosis of the proximal bowel to the
tongue base is performed before the micro-
vascular anastomoses to facilitate surgical ex-
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One of the most complex regions of the human
anatomy is the skull base. It is a difficult area of the
body to navigate given the vital blood vessels and
major cranial nerves that pass through it (Fig. 1).

The Skull Base
HRAYR SHAHINIAN

Many skull base tumors, although benign, can
have devastating effects because of their proximity
to these vital structures. Damage to vessels and
nerves can result in blindness, deafness, inability to
speak or swallow, paralysis, and death. In the 1950s,
Tessier of France and Fish of Switzerland discovered
innovative techniques to approach and remove
lesions of the skull base.

The introduction of computed tomography and
magnetic resonance imaging, combined with the
availability of more precise microsurgical instru-
ments, microscopic magnification, and illumination,
opened a new frontier in skull base surgery. As in
many other surgical subspecialities, the field of skull
base surgery started with radical exposures such as
the transfacial approaches to the anterior skull base
and the infratemporal or transcochlear approaches
to the lateral skull base; however, there is an evolv-
ing trend toward more functional and less invasive
techniques. These minimally invasive approaches
benefit from fiberoptic and endoscopic technology. 

Surgical Anatomy

The Nasal Cavities

Skull base surgeons must learn to navigate the 
neurovascular anatomy of the anterior and middle
cranial fossae in transcranial pituitary surgery, as
well as the length of the nasal septum in the
transseptal transsphenoidal approach. The intro-
duction of transnasal endoscopic pituitary surgery
has further underscored the necessity for surgeons
to become familiar with the relationships of the sella
and pituitary gland to the bony, cartilaginous, and
mucosal architecture of the nasal cavities and the
paranasal sinuses. During embryonic development,
bilateral invaginations of ectoderm located superior
to the opening of the mouth pass posteriorly through
the mesoderm of the head region to form the left and
right nasal pits. These invaginations meet and fuse

Figure 1 • Anatomic topography of the skull base.
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with the endoderm of the most cranial extensions of
the primitive foregut and create a passageway from
the external environment to the gut lumen. Thus
connected, the nasal pits are referred to as the right
and left nasal cavities, and the part of the involved
foregut is called the nasopharynx. The common
medial wall of each nasal cavity is the embryonic
nasal septum, and the floors of these cavities form
the primary palate. Cartilage forms in the meso-
derm of the roof of each nasal cavity and extends
into the adjacent upper regions of the lateral walls
and the septum. Connective tissue develops in the
inferior lateral walls, inferior septum, and cavity
floors. Bony deposition begins in ossification centers
located throughout the cartilaginous and membra-
nous portions of the nasal capsule. The posterior and
inferior parts of the nasal septum become ossified to
form the perpendicular plate of the ethmoid and the
vomer, respectively. The crista galli, the superior
extension of the perpendicular plate of the ethmoid,
is also formed in this process. The anterior extent of
the septum remains cartilaginous. The roof of the
nasal cavities ossifies around nerve fibers that com-
municate superiorly with the olfactory bulbs. The
cribriform plate of the ethmoid is thereby formed.

A “gap” in the deposition of cartilage in the lateral
nasal cavity walls results in formation of the hiatus
semilunaris. In its mature form, it is identified as a
depression in the lateral nasal wall at the level of
the middle meatus. Cartilage formation resumes at
the inferior aspect of this hiatus in the uncinate
process, which invaginates to create the inferior
turbinate. The remainder of the cartilage of the
lateral wall ossifies to generate the ethmoid
labyrinth. The labyrinth is polarized into lateral and
medial walls; the former makes up the medial wall
of the orbit, whereas the latter generates two addi-
tional invaginating bony processes, the precursors of
the middle and inferior turbinates. The superior
turbinate sits near the roof of the nasal cavity. The
recesses created by the curvatures of the turbinates
are referred to as meati and are the site of origin of
the paranasal sinuses.

The mucous membrane lining the lateral nasal
walls invaginates into the skeleton of the midface 
to create air pockets surrounded by bone. Posterior
to the oral cavity, the mucous membrane covering
the anterior surface of the sphenoid bone pushes
back to create the sphenoid sinus. The sinus is
divided into left and right components by the for-
mation of a thin bony septum. The sphenoid sinus
communicates with the nasal cavities via ostia
located behind the superior turbinates.

During endoscopic transnasal pituitary surgery,
endoscopes are advanced into the vestibule to iden-
tify the inferior turbinate and the anterior portion
of the septum. The inferior and middle turbinates
span almost the entire depth of the nasal cavity.
Therefore, with slight superior and posterior
advancement of the endoscope, the anterior limit of
the middle turbinate comes into view. With further

caudal progress, the remainder of the middle
turbinate and the superior turbinate are appreci-
ated. The goal of the intranasal portion of endoscopic
pituitary surgery is to create a wide passage from
the exterior to the sphenoid rostrum. The space of
the middle meatus is therefore obliterated as the
middle turbinate is outfractured. The sphenoid ostia
may or may not be readily apparent until mucosa is
dissected from the anterior surface of the body of the
sphenoid. The superior and middle turbinates serve
as valuable landmarks for identifying the approxi-
mate locations of the ostia until they are directly
visualized.

The Sella Turcica and Pituitary Gland

The hypophysial fossa of the sella turcica contains
the pituitary gland. It represents a rounded exca-
vation of the sphenoid bone that is flanked by criti-
cal structures. The dorsum sellae is the uppermost
extension of the clivus and forms the posterior wall
of the sella. It has lateral protuberances that are
referred to as the posterior clinoid processes. The
anterior boundary of the sella is marked by the
tuberculum sellae, a raised prominence on the supe-
rior surface of the sphenoid bone immediately in
front of the hypophysial fossa. The curving projec-
tions of the lesser wings of the sphenoid terminate
medially into the anterior clinoid processes, which
rest above and posterolateral to the tuberculum.
Anterior to the tuberculum sellae is a depression in
the sphenoid called the prechiasmatic groove, on
either side of which lie the intracranial openings of
the optic canals.

The hypophysial stalk serves as a direct con-
veyance of hormones to the posterior pituitary and
as a conduit for hormone-releasing signals to the
anterior pituitary via its portal vessels. It descends
from the median eminence of the hypothalamus and
passes through a central hiatus in the diaphragma
sellae, a dural reflection between the anterior 
and posterior clinoid processes that covers 
the hypophysial fossa. Above the diaphragma, the
hypophysial stalk is related to the optic chiasm. The
chiasm usually overlies the sella and pituitary. This
anatomic arrangement accounts for the visual symp-
toms, most notably temporal hemianopia, seen in
patients with pituitary tumors that have suprasel-
lar extension. The optic nerves emerge from the optic
canals anteromedial to the tips of the anterior clinoid
processes to pass posteromedial toward the chiasm.

The parasellar vascular anatomy must also be
appreciated to minimize the chance of intraopera-
tive vascular injury. Subfrontal approaches to the
sella expose the carotid arteries and the anterior arc
of the circle of Willis, as well as any perforating
branches from these major vessels. Vascular struc-
tures in the suprasellar area may be displaced by
superior extensions of tumors such that normal
anatomic relationships are distorted and manipula-
tion of these vessels becomes extremely dangerous.
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The carotid artery emerges from the roof of the
cavernous sinus beneath the optic nerve and imme-
diately gives off the ophthalmic branch, which
enters the optic canal on the underside of the nerve.
The carotid turns back toward the posterior clinoid
process, where it meets the posterior communicat-
ing artery and gives off the anterior cerebral artery.
This artery courses over the superior surface of the
optic chiasm and gives off an anterior communicat-
ing branch to its contralateral counterpart. Sur-
geons using these approaches must carefully work
around the optic nerves and chiasm and associated
neurovascular structures while removing a tumor
from the sella and sphenoid. The carotid arteries are
also at risk during transsphenoidal approaches to
the sella. Their tortuous transcranial course carries
them alongside the lateral margins of the sphenoid
sinus; they are at risk when the anterior wall and
the mucosa of the sinus are dissected. The intra-
cavernous segments of the arteries are vulnerable to
overly aggressive curettage of tumor from within the
sphenoid or sella.

The Anterior, Middle, and Posterior
Cranial Cavities

The embryologic development of the anterior,
middle, and posterior cranial fossae is dependent on
the formation of ossification centers within the chon-
dral template of the developing skull base. This
sheet of cartilage provides the framework for the
base of the cranium, as well as the subjacent parts
of the midface and nose. Deposition of bone within
the cartilage gives rise to most of the occipital, tem-
poral, sphenoid, and ethmoid bones and determines
their ultimate shape. The frontal bone defines the
rostral limit of the anterior cranial cavity. Mature
bone represents the fusion of separate ossification
centers within the embryonic membranous neuro-
cranium that articulates in the midline at the
metopic suture. An osseous projection called the
frontal crest extends posteriorly from the inner
surface of the frontal bone along the floor of the
cavity. The frontal crest points to the cribriform
plate and is separated from it by the foramen cecum,
through which passes an emissary vein. The cribri-
form plate is a punctate bony surface that forms the
roof of the nasal cavities bilaterally. Its perforate
nature is derived from its formation around the 
differentiated nerves of the upper nasal passages;
these nerves pass into the anterior fossa and
synapse on the olfactory bulbs. The cribriform plate
is bisected by the falx cerebri and crista galli, which
represents the intracranial extension of the perpen-
dicular plate of the ethmoid bone. The remainder of
the floor of the anterior fossa is made up of the thin
orbital plates of the frontal bone that form the roofs
of the orbits and support the frontal lobes. The
middle cranial fossa houses the temporal lobe and
the pituitary gland; most of the floor is made up of
the sphenoid bone. Various foramina in the floor of

the middle fossa allow passage of neurovascular
structures into and out of the cranium: the carotid
artery, middle meningeal artery and vein, and
branches of the trigeminal nerve. A gap at the
medial junction of the greater and lesser sphenoid
wings, the superior orbital fissure, is occupied by the
first branch of the trigeminal nerve; by the oculo-
motor, trochlear, and abducens nerves; and by the
ophthalmic veins. The bony optic canal provides
passage of the optic nerve into the apex of the orbit.

The posterior cranial fossa houses the cerebellum
and the pons, which passes through the foramen
magnum. The floor of the posterior fossa is made 
up of the clivus anteriorly. The superior surface of
the clivus is formed by the sphenoid bone, whereas
the lower portion is formed by the occipital bone.
Between the clivus anteriorly and the pons posteri-
orly lies the basilar artery. Along its lateral aspect,
the posterior fossa is made up of the petrous portion
of the temporal bone, and the remainder of the floor
of the posterior fossa is composed of the occipital
bone. The roof of the posterior fossa is made up of
the tentorium cerebelli. 

Other foramina in the floor of the posterior fossa
allow passage of other neurovascular structures into
and out of the cranium, for example, cranial nerves
IV to XII. The trochlear nerve (IV) is seen transiting
through the posterior fossa, traveling below the ten-
torium cerebelli medially, and entering the middle
cranial fossa by traveling through the cavernous
sinus and subsequently entering the orbit through
the superior orbital fissure. The trigeminal nerve
exits the pons and has a variable cisternal portion
before its larger sensory root and its smaller motor
branch enter Meckel’s cave to form the gasserian
ganglion within the cavernous sinus in the middle
cranial fossa. The trigeminal nerve divides into its
ophthalmic, maxillary, and mandibular branches. 

The ophthalmic (V1) branch enters the orbit
through the superior orbital fissure, the maxillary
(V2) branch travels through foramen rotundum
within the floor of the middle cranial fossa, and the
mandibular (V3) branch passes through foramen
ovale within the floor of the middle cranial fossa.
The abducens nerve emerges from the pon-
tomedullary area, has a long cisternal segment, and
exits the posterior fossa through Dorello’s canal
within the occipital bone. It subsequently transits
through the middle fossa by traveling through the
cavernous sinus and enters the orbit via the supe-
rior orbital fissure. 

The acousticofacial bundle is composed of the
facial nerve (VII) and the vestibulocochlear nerve
(VIII); the bundle is made up of four separate nerves
as they exit the brainstem together and travel to exit
the cranium through the internal auditory canal.
They enter the internal auditory canal within the
petrosal portion of the temporal bone, where they
separate. The cochlear nerve provides hearing and
vestibular nerve balance. The facial nerve traverses
the temporal bone, exits the cranium through the
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stylomastoid foramen, and divides within the
parotid gland into its five branches. 

The lower cranial nerves (IX, X, XI) exit the 
posterior cranial fossa along with the jugular vein
through the jugular foramen. The hypoglossal nerve
(XII) exits the medulla as two separate rootlets 
and exits the posterior cranial fossa through the
hypoglossal canal within the occipital bone. The clin-
ically significant blood vessels within the posterior
cranial fossa include the transverse sinus, which
becomes the sigmoid sinus; the latter travels within
the sulcus of the sigmoid sinus at the junction of the
petrous and occipital bones and finally becomes 
the jugular bulb, which transmits the jugular vein
through the jugular foramen. The arteries include
the superior cerebellar artery, the anterior inferior
cerebellar artery, and the posterior inferior cerebel-
lar artery, all of which are branches of the verte-
brobasilar system. These arteries are clinically
significant because they are frequently responsible
for neurovascular compression syndromes such as
trigeminal neuralgia and hemifacial spasm.

Goals of Surgery

Skull base surgery has evolved over the past 10
years and has followed a path similar to that of other
surgical disciplines. Radical techniques such as the
transfacial approaches, which required transloca-
tion of large segments of the craniofacial skeleton,
have yielded to more functional approaches that use
natural openings such as the nostrils or minimally
invasive keyhole (1 to 1.5 cm) openings through
hidden incisions. In the posterior fossa, invasive
approaches such as suboccipital or translabyrin-
thine craniotomies have been superseded by keyhole
endoscopic approaches that provide a panoramic
view of the posterior fossa and its contents. The
common principle in this evolution has been a com-
bination of customized and specially designed
microinstruments, fiberoptic technology adapted 
to microendoscopes measuring 2.7 to 4 mm in dia-
meter, and better illumination with brighter light
sources such as halogen or xenon. These minimally
invasive techniques translate into a reduced hospi-
tal stay, a shorter operative time, and overall supe-
rior outcomes.

Treatment

Endoscopic Supraorbital Approach

Through an incision within the eyebrow, a 1- to 
1.5-cm keyhole supraorbital craniotomy is performed
lateral to the frontal sinus (Fig. 2). If the frontal
sinus is breached, cranialization of the frontal sinus
can be performed by removing the posterior wall,
stripping the mucosa, and occluding the frontonasal

duct. The dura overlying the frontal lobe is incised,
and cerebrospinal fluid (CSF) is drained from the
anterior fossa. After adequate relaxation of the ipsi-
lateral frontal lobe, a 0-degree endoscope is intro-
duced into the anterior cranial fossa. The endoscope
is advanced between the floor of the anterior fossa
inferiorly and the inferior surface of the frontal lobe
superiorly. A panoramic view of the anterior cranial
fossa is obtained. The falx cerebri is visualized, and
as the endoscope is angled further posteriorly, the
ipsilateral olfactory bulb is clearly visualized along
with the olfactory nerve. The contralateral frontal
lobe and olfactory tract are usually visualized, and
the endoscope can be advanced toward the con-
tralateral side. By angling the endoscope further
posteriorly, both optic nerves and the optic chiasm
can be visualized. The anterior communicating
artery is often seen without manipulation or retrac-
tion. By sweeping the endoscope laterally and reach-
ing the posterior aspect of the anterior cranial fossa,
the contents of the middle cranial fossa and the 
ipsilateral temporal lobe are visualized. The medial
aspect of the middle cranial fossa between the cav-
ernous sinus medially and the medial surface of the
temporal lobe laterally is readily accessible. The

Figure 2 • Endoscopic supraorbital “keyhole” approach.
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the midline anterior cranial fossa. The endoscope is
gently advanced between the floor of the anterior
cranial fossa inferiorly and both frontal lobes later-
ally and superiorly. A panoramic view of the midline
anterior cranial fossa is appreciated. Both olfactory
bulbs and olfactory tracts are visualized. The endo-
scope is gradually advanced between the olfactory
tracts along the floor of the anterior cranial fossa.

Midline lesions of the anterior cranial fossa such
as olfactory bulb meningiomas are clearly visualized
at this point. As the endoscope is advanced toward
the end of the floor of the anterior cranial fossa, 
a suprasellar lesion such as a craniopharyngioma 
or a large suprasellar pituitary adenoma can be
assessed. The endoscopic frontal approach allows
resection of midline olfactory bulb meningiomas
with direct visualization of the contralateral olfac-
tory bulb and olfactory tract to enhance the possi-
bility of preservation of olfaction. The approach
allows resection of suprasellar lesions such as 
craniopharyngiomas, Rathke’s cysts, optic gliomas,
or large pituitary adenomas that may compress or
adhere to the optic chiasm or optic nerves.

Endoscopic Transnasal Approach

A 0-degree endoscope is introduced through the
right nostril; the middle turbinate is identified and
outfractured (Fig. 4). The endoscope is advanced to
the confluence of the middle turbinate and the nasal
septum. The keel of the vomer is removed and the
sphenoid sinus is entered. The mucosa of the 
sphenoid sinus is stripped and the septations are
removed by using a combination of pituitary and
Decker rongeurs. The posterior wall of the sphenoid
sinus (i.e., the sella turcica) is identified. A small
opening is made, and the opening in the sella turcica
is enlarged from carotid canal to carotid canal lat-
erally and from the top of the clivus inferiorly to the
planum sphenoidale superiorly. The dura of the sella
is electrocoagulated and incised. It is the approach
of choice for the treatment of pituitary tumors and
is also ideal for craniopharyngiomas and Rathke’s
cysts that are completely intrasellar. As the tumor
is gradually resected, the medial wall of both cav-
ernous sinuses is visualized laterally and the
normal pituitary gland is similarly visualized. This
approach also provides access to the suprasellar
infrachiasmatic space. The introduction of a 30-
degree endoscope provides improved visualization of
the right cavernous sinus (on rotating the endoscope
in clockwise fashion) and the left cavernous sinus
(on rotating the endoscope in counterclockwise
fashion). Better but limited visualization of the
suprasellar space and the optic chiasm is achieved
with the 30-degree endoscope. Other indications for
this approach include resection of tumors in the
upper third of the clivus, such as chordomas, and
biopsy of metastatic and lymphoproliferative lesions
of the sphenoid sinus, the clivus, and the posterior
pituitary gland.

supraclinoid internal carotid arteries are visualized.
This approach allows visualization and control of
the contralateral supraclinoid internal carotid
artery. The endoscopic supraorbital approach is
ideal for the treatment of ipsilateral olfactory bulb
and anterior cranial fossa meningiomas, suprasellar
extensions of pituitary tumors, and Rathke’s cysts
or craniopharyngiomas. The approach has also been
used for middle cranial fossa lesions such as sphe-
noid wing meningiomas and vascular lesions such
as anterior communicating artery aneurysms.

Endoscopic Transglabellar Approach

Through an incision within the skin crease at the
bridge of the nose, a 1- to 1.5-cm keyhole opening is
made in the anterior wall of the frontal sinus; the
bone flap is removed and preserved (Fig. 3). After
using a diamond bur, the entire mucosa of the
frontal sinuses is removed and both frontonasal
ducts are identified. A small bur hole is made in the
posterior wall of the frontal sinus and a 1- to 1.5-cm
keyhole craniotomy is performed. The bone flap is
removed and the bone is broken into small bone
chips, which are used to obliterate both frontonasal
ducts. Thus, an endoscopic cranialization of both
frontal sinuses is completed. The dura overlying
both frontal lobes is incised in a curvilinear fashion
and CSF is drained from the anterior cranial fossae.
After adequate relaxation of both frontal lobes, the
falx cerebri is incised with modified dura scissors.
The cribriform plate is visualized, fractured, and
removed. A 0-degree endoscope is introduced into

Figure 3 • Endoscopic frontal or transglabellar approach.
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Transoral Approach

For lesions extending from the lower third of the
clivus through the arch of C2, the approach can be
performed by making a midline incision in the soft
palate, incising the mucosa of the nasopharynx in
the midline, and drilling the bone of the lower third
of the clivus and the arches of C1 and C2 (Fig. 5).
Access is gained to midline extradural, transdural,
and intradural lesions. This approach is ideal for
small midline chordomas of the lower third of the
clivus and for odontoid pannus in patients with
rheumatoid arthritis. For more extensive lesions
extending throughout the length of the clivus, either
a simple LeFort I downfracture or an extended
LeFort I downfracture with a midline split is neces-
sary. The transoral approach provides excellent
access to retroclival posterior fossa lesions extend-
ing throughout the length of the clivus (in the
extradural and intradural space) and to malignant
lesions such as chordomas and large epidermoids.

Endoscopic Retromastoid Approach

Through a 3-cm incision within the hairline behind
the ear, a 1-cm retromastoid bur hole is created (Fig.
6). The dura of the posterior fossa is incised and CSF

Figure 5 • Transoral/transmaxillary approaches.

Figure 6 • Endoscopic retromastoid approach for tumors.

Figure 4 • Endoscopic transnasal approach.
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is drained from the posterior fossa. After adequate
relaxation of the cerebellum, a 0-degree endoscope
is introduced into the posterior fossa and gently
advanced to the cerebellopontine angle. A panoramic
view of the posterior fossa that extends from the ten-
torium cerebelli superiorly to the foramen magnum
inferiorly is achieved. The course of cranial nerves
IV, V, VI, VII, VIII, IX, X, XI, and XII within the 
posterior fossa is clearly visualized. The ipsilateral
cerebellum and brainstem are also fully visualized.

The endoscopic retromastoid approach is the
method of choice for posterior fossa skull base
tumors such as acoustic neuromas, meningiomas,
petrous apex cholesteatomas, and cholesterol gran-
ulomas and for neurovascular compression syn-
dromes such as trigeminal neuralgia and hemifacial
spasm (Fig. 7). The approach provides excellent
visualization of the neurovascular complex at the
root entry zone of the facial nerve for hemifacial
spasm and the trigeminal nerve for trigeminal 

Figure 7 • Endoscopic retromastoid approach.
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neuralgia. The approach has been used in perform-
ing vestibular neurectomies for debilitating vertigo
in patients with Meniere’s disease. Other lesions
that have been accessed through this approach are
selected vertebral artery and posterior inferior cere-
bellar artery aneurysms.

Pearls and Pitfalls

• Advances in fiberoptic technology, microinstru-
mentation, and minimally invasive techniques
have revolutionized the field of skull base
surgery. 

• Minimally invasive endoscopic approaches
have resulted in shorter surgical times, shorter
hospitalizations, and overall better outcomes. 
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Facial burn deformities are unique and complex
reconstructive challenges for the plastic surgeon.
Successful treatment requires sound surgical judg-
ment and technical expertise. The surgeon must also
have a complete understanding of the burn wound
and its evolution. Patients and their families alike
must be committed to the reconstructive process.
Other disciplines must be available, including
nursing, occupational and physical therapy, and psy-
chological and social support systems. The surgeon
should also have familiarity with ancillary treat-
ment modalities such as pressure therapy, steroids,
and lasers. Perhaps the most important factor for
successful treatment outcomes is that both patients
and surgeons clearly understand what is possible
and what is not possible after facial burn injuries.
Restoration of the preburn condition is not possible
after serious facial burns. Facial burns of any sig-
nificance result in scarring, and scars cannot be
removed. Scar “excision” has always been and will
always remain an “oxymoron.” A scar can only be
modified or traded for a scar or scars of a different
variety—an important concept to emphasize to
patients and to keep in mind when planning surgi-
cal intervention.

Burns constrict and deform the face by altering
proportion, features, and expression. The goal of the
reconstructive surgeon is to restore “normalcy” to
the face as much as possible. Burns also alter the
surface of the facial mask by causing changes in
texture and pigmentation. However, these changes
are much less important than changes in proportion,
features, and expression. Removal of scars should
not be the primary goal of facial burn reconstruc-
tion. A normal-looking face with scars is always
preferable to a grotesque-looking face with fewer
scars. In many circumstances, mature scars that
result from burn injury are less conspicuous than
surgically created scars or surgically transferred
skin, usually because of the subtle and gradual tran-

Facial Burn Treatment 
Principles
MATTHIAS B. DONELAN

sition between unburned skin and burn scar. The
irregular borders of a burned area are often an
excellent example of nature’s camouflage. The over-
riding goal of facial burn reconstruction should be
the restoration, as much as possible, of a pleasing
and tension-free facial appearance with appropriate
animation and expression. If this goal is kept in
mind, the amount of improvement that can be
achieved after devastating facial burn injuries can
be truly remarkable. Failure to keep this concept in
mind is probably the most common cause of iatro-
genic catastrophes after facial burn reconstruction.

General Concepts

Although the main focus of this chapter is recon-
struction of “late” facial burn deformities, an under-
standing of the acute care of facial burn victims is
essential for an accurate perspective in dealing with
these patients. Excision plus grafting of deep
second-degree and full-thickness burns has become
the standard of care. It is still controversial,
however, whether such treatment is optimum for
severe facial burns. Early excision with grafting is
problematic because of the difficulty in diagnosing
the depth of the facial burn and accurately predict-
ing long-term prognosis from both a functional and
aesthetic standpoint. The vast majority of facial
burns treated conservatively with topical antibiotics
heal within 3 weeks. Burns that are clearly full
thickness are best treated by early excision and
grafting within 7 to 10 days. Problem cases are those
that have not healed within 2 to 4 weeks. Advocates
of early tangential excision and grafting believe that
the latter patients have more favorable healing with
less secondary contracture if excision plus grafting
is carried out at that time. Proponents of more con-
servative therapy argue that excision and grafting
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at such an early period commit the patient to a
grafted face that might otherwise have healed favor-
ably by epithelialization alone, especially if comple-
mented with treatment such as pressure, silicone,
computer-generated facemasks, topical and intrale-
sional steroids, and the pulsed dye laser (Fig. 1). At
the present time, the majority of acute facial burns
are treated expectantly in most burn centers, with
early excision and grafting limited to cases in which
it is clear that a full-thickness burn injury has
occurred. It must be reemphasized that early exci-
sion and grafting tend to produce a more mask-like
facies than when healing occurs spontaneously with
favorable scar maturation.

Superficial second-degree facial burns usually
heal spontaneously without scarring or pigmentary
changes. Medium-thickness second-degree burns,
which epithelialize in 10 to 14 days, often heal
without scarring, although long-term alterations in
skin pigmentation and texture are frequent. Medium
to deep second-degree burns, which epithelialize in
14 to 28 days or longer, must be carefully monitored

because they are prone to the development of late
hypertrophic scarring. All ancillary modalities (see
earlier) and judiciously timed surgery should be 
considered. Pressure garments are effective in sup-
pressing and reversing hypertrophic scarring. The
addition of silicone to pressure therapy has also been
a significant advance. Computer-generated masks
for facial pressure, although expensive, have signif-
icantly advanced the technology of pressure therapy.
Use of the pulsed dye laser has been helpful in
decreasing the persistent erythema of burn scars and
may favorably influence maturation.

Timing of Reconstructive Surgery

Patients with facial burn deformities typically
present to the plastic surgeon in one of three differ-
ent circumstances. The ideal situation is one in
which the plastic surgeon is involved in the patient’s
care from the time of the acute injury, as in a spe-

A B

Figure 1 • A, Nine-year-old boy with diffuse hypertrophic scarring 6 months after a deep second-degree burn. B, Ten years later
after pressure therapy, steroid injections, and multiple Z-plasties within the scars. No tissue was excised. The depth of the burn is
demonstrated by the lack of beard growth.
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cialized burn center. The involvement may be either
as the treating surgeon or, more commonly, as a con-
sultant and occasional participant in the patient’s
acute care. A close relationship with the acute burn
surgeons allows the plastic surgeon to have input
from the beginning and can help in formulating a
long-range plan involving conservation of donor
sites and timing of surgery. The second situation is
the patient who has received acute burn care at
another facility and is referred to the plastic surgeon
for reconstructive surgery. The third circumstance is
the patient with established facial burn deformities
many years after injury.

The timing of plastic surgical intervention falls
into three separate phases: acute, intermediate, 
and late. Acute reconstructive intervention occurs
during the early months after burn injury, when
urgent procedures are required to facilitate patient
care or prevent acute contractures from causing per-
manent secondary damage.

Acute Phase

Severe eyelid contractures can lead to corneal ulcer-
ation and opacification. This condition can be
treated temporarily with eye ointments and scleral
lenses. The use of tarsorrhaphy sutures to maintain
eyelid closure is not usually effective and can lead
to secondary eyelid damage. Acute release and graft-
ing of eyelid contractures can be successfully carried
out even in the presence of open wounds and should
be expeditiously performed to prevent irreversible
injury to the globe. Split-thickness skin grafts
should be used with full-thickness skin grafts
reserved for definitive reconstruction.

Perioral deformities can result in either micro-
stomia or macrostomia. Microstomia occurs as a
result of circumferential scarring at the junction
between the lips and cheek. Microstomia can com-
promise alimentation, airway access, and oral
hygiene. Oral commissure releases should be per-
formed to correct this problem. When the contrac-
ture is localized or moderate, Z-plasties or local flaps
may suffice. When the contracture is extensive, skin
grafts may be required. Care must be taken to avoid
iatrogenic deformities across the cheek aesthetic
unit by limiting the releasing incisions.

Macrostomia is caused by the rapid contraction of
open wounds or grafts in the adjacent cheek and lip
and results in eversion of the upper and lower lips
and lateral displacement of the oral commissures.
Loss of an effective oral sphincter compromises
feeding and hygiene and also causes secondary
damage to the teeth and gingiva. Acute intervention
with release of the contracted scars and split-thick-
ness skin grafting of the lower or upper lips (or both)
should be performed expeditiously, even in the pres-
ence of open wounds. Definitive reconstruction can
be achieved at a later period.

Severe cervical contracture with anterior flexion
deformities or even cervicomental adhesion can com-

promise airway access and cause severe tension on
the facial soft tissues. Acute release and skin graft-
ing are indicated to facilitate patient care and 
minimize the effect of excessive tension on facial
hypertrophic scarring.

Intermediate Phase

The intermediate phase of plastic surgical interven-
tion is best described as scar manipulation designed
to influence the healing process favorably. Treat-
ment in this phase is evolving rapidly and holds
much hope for the future. It is usually recommended
that definitive reconstructive surgery be performed
only after facial scars and skin grafts are mature,
soft, and supple, which takes at least a year and fre-
quently many years. However, well-timed and well-
conceived surgery to favorably influence the scar
maturation process can be beneficial. After facial
wounds are closed by either epithelialization or
grafting, the maturation process is influenced by
multiple factors. Perhaps the most important factor
is the amount of tension present in the healing soft
tissues of the face. Surgical intervention to decrease
tension and favorably alter the orientation of scars
can improve facial scars during the first year or two
after injury. Surgery to relieve tension may consist
of either Z-plasties or appropriately located releases
and skin grafts. Split-thickness skin grafts should
be used when the location of the graft renders it
inconspicuous or large amounts of skin are required
to decrease tension. Such treatment is frequently
indicated in patients with neck contractures.
Tension from the neck must be eliminated to allow
for favorable maturation of facial scars. The use of
full-thickness skin grafts during the intermediate
period should be limited to situations in which defin-
itive repair is being carried out. Steroids can be
helpful but must be used sparingly to avoid atrophy
and irreversible skin changes. As noted previously,
the pulsed dye laser can be used to reduce erythema.

Late Phase

Late-phase reconstructive surgery includes all other
circumstances in which the deformities are essen-
tially stable; the scars and grafts are mature, soft,
and supple; and elective, staged interventions can
be planned and executed.

The transition from an acute facial burn with
open wounds to an established deformity is pro-
longed and varies greatly from patient to patient.
After the acute phase has passed, the patient and
family often press for reconstruction. This is usually
the wrong thing to do. As Gilles said, “time is our
most faithful ally,” and in probably no circumstance
is this more true than in the evolution of facial burn
deformities. Hypertrophic scars that are problem-
atic at a year or longer may become flat and soft,
particularly with appropriate manipulation and,
because of the subtle transition from unburned to



Facial Burn Treatment Principles —— 187

H
ead

 an
d

 N
eck, R

eco
n

stru
ctio

n

burned tissue, they may become less conspicuous.
The surgeon must resist the desire of the patient
and family to “remove the scars” as soon as possi-
ble. Succumbing to the patient’s requests for surgery
may lead to unfortunate outcomes. In the example
illustrated in Figure 2, a second-degree burn that
was healed at 21 days became mildly hypertrophic
over a 9-month period. The lower half of the burn
was partially excised and a cervical flap elevated.
The upper half of the burn scar healed extremely
well despite increased tension. The iatrogenic defor-
mities from the flap procedure included lower eyelid
ectropion, distortion of the lips, loss of definition of
the jaw line, and a dog-ear deformity at the oral
commissure.

During the intermediate period when scars and
grafts are maturing, a prospective plan for recon-
structive surgery should be outlined with the
patient and family. Genuine enthusiasm on the part
of the surgeon and other members of the team
regarding successful reconstruction is quickly
sensed by patients and can make them significantly

more optimistic. The actual sequence of surgery,
however, frequently deviates from the original plan.
Attitudes and circumstances may change as the
reconstructive process unfolds. As the patient
improves, enthusiasm for further surgery may
decrease, whereas some patients become committed
to operations for many years. It is important that
the patient-surgeon relationship be strong and sup-
portive. When the patient knows that the surgeon is
available and committed to the best possible final
outcome, it can help in reaching the endpoint of the
reconstruction.

Fundamental Principles

PROPORTION. The importance of precise diagnosis
in the treatment of facial burn deformities cannot be
overemphasized. As Goethe said, “The most difficult
thing of all to see is that which lies directly in front
of your eyes.” Analyzing a facial burn requires doc-

A B

Figure 2 • A, Fourteen-year-old girl 9 months after a second-degree burn with mild hypertrophic scarring of the cheek. B, Partial
excision and skin flap advancement created lower eyelid ectropion, lower lip dystopia, and a scar with a dog-ear at the oral 
commissure. Note the excellent appearance of the superior burn scar, which was allowed to mature without surgical intervention.
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Figure 3 • The face is roughly divided in thirds (see text). The vermilion-cutaneous junction of the
lower lip lies halfway between the nose and lower part of the chin. The upper lip is wider than the
lower and protrudes beyond the lower in lateral view. Restoration of normal proportion is essential
for successful facial burn reconstruction. (Redrawn from Tolleth H: Concepts for the plastic surgeon
from art and sculpture. Clin Plast Surg 14:585-598, 1987.)

umentation of facial proportions (Fig. 3). A normal
face is divided into three segments: anterior hairline
to the glabella, glabella to the base of the columella,
and base of the columella to the menton. The length
of the nose fills the middle third vertically, and the
lower third is divided in half by the vermilion-
cutaneous junction of the lower lip. In anterior view,
the upper lip is wider than the lower lip. In lateral
view, the upper lip precedes the lower lip. The lower
border of the face is defined by the jaw line. These
basic relationships can be profoundly altered by
burn injury (Fig. 4). Unless these proportions are
restored in the reconstruction, the face will be dis-
torted regardless of all other factors.

CONTRACTURES. Burns cause tissue loss, wounds
heal with contraction, and contractures result. Con-
tractures can be of either the intrinsic or extrinsic
variety. Intrinsic contractures are those that result
from loss of tissue in the area of the contracture with
subsequent distortion of the part. In extrinsic con-
tractures, the loss of tissue is at a distance from the
affected area, but the distorted structures, such as
eyelids, lips, and so forth, are not themselves
injured. Corrective measures must be directed at the
cause of the contracture. It is helpful to minimize
the amount of skin and scar that are excised when
dealing with facial contractures. Because of the ben-
eficial effects of releasing skin tension, many scars
mature favorably after a release has been carried
out. Healed second-degree burns under tension may

be unattractive but, when restored to a tension-free
state, are often superior in appearance to any re-
placement tissue. Minimizing excision also decreases
the amount of new skin that must be provided.

TENSION. All facial burns of medium second-degree
depth or deeper result in tightening of the facial skin
even if there is only minimal associated scarring.
Gilles and Cuthbert referred to “the invisible skin
loss” after burns on the dorsum of the hand, and a
similar situation exists in the face after burn injury.
This type of tension may be evident as deforming
contractures of mobile soft tissues such as eyelids or
lips, but it may be only subtly apparent as com-
pression of the soft tissue contours. When facial
burn injury results in diffuse loss of skin, recon-
structive operations that excise large areas of scar
or skin are potentially adding to the underlying clin-
ical problem. Tight faces are never attractive; relaxed
scars are happy scars.

DONOR SITES. A major reason for the difficulty in
reconstructing facial burns is that they rarely occur
in isolation and are often associated with extensive
burns over the entire body, particularly the cervi-
copectoral area. Intelligent selection of procedures
along with judicious use of graft or flap donor sites
is critical.

AESTHETIC UNITS. The concept of facial aesthetic
units, originally conceived as the ideal approach for
resurfacing the face after burn injury, is emphasized
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in all writings about facial burns; however, it should
not supersede common sense. When small,
unburned islands of skin are in an aesthetic unit
that requires resurfacing, they should be sacrificed.
Otherwise, excision of normal skin is rarely indi-
cated. All burned faces are, of necessity, a mosaic.
Scar revision with Z-plasties can do wonders to cam-
ouflage scars in a burned face. Mosaic faces that are
proportional, well contoured without tension, and
expressive appear better in daily life than in photo-
graphic images. Relentless pursuit of the elimina-
tion of burn scars is an elusive goal that can lead to
unfortunate outcomes.

Z-PLASTY. Z-plasty is an important part of the
surgeon’s armamentarium in dealing with facial
burn deformities. Z-plasty lengthens linear scars by
recruiting relatively lax adjacent tissue. Z-plasty,
however, is much more than a simple geometric exer-
cise in lengthening a scar. If executed properly, it
causes a salubrious alteration in the physiology of
contracted and hypertrophic scars when carried out
within the “scar-infiltrated tissues” rather than after
excision of the scars. This phenomenon is related to
the immediate and continuing breakdown of colla-

gen that occurs in hypertrophic scars after the relief
of tension. The improvement in the appearance of
the scars is often dramatic (see Fig. 1).

SKIN GRAFTS. Skin grafts are pivotal in facial burn
reconstruction. Decisions regarding donor site selec-
tion, thickness (split thickness versus full thick-
ness), timing of intervention, and postoperative
management often determine the success or failure
of facial burn reconstruction. A few generalizations
may be helpful. Split-thickness skin grafts contract
more, have a greater propensity to wrinkle, and
remain shiny with a “glossy” look. Their application
should be restricted in the central, prominent areas
of the face unless limited availability of donor sites
requires use of these grafts. Split-thickness skin
grafts are excellent for upper eyelid release and
resurfacing and for lower eyelid release and graft-
ing when the contractures are severe. Split-thick-
ness skin grafts are best used for releasing
contractures around the periphery of the face to
relieve tension and enhance scar maturation in the
more important central areas. Hyperpigmentation
is a frequent problem in dark-skinned patients, par-
ticularly those of African descent.

A B

Figure 4 • A, Three weeks after a deep second-degree burn, the facial features and proportion are normal. B, Six months after
the burn, contraction has created the stigmata of facial burn injury and disturbed facial proportions.
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The full-thickness skin graft is a reliable work-
horse in facial burn reconstruction. When resurfac-
ing the broad, conspicuous areas of the face such as
the cheeks, lips, and dorsum of the nose, considera-
tion should always be given to using full-thickness
skin grafts. The missing or damaged skin parts in
the vast majority of severe thermal burns are the
epidermis and the dermis—components provided by
full-thickness skin grafts. The subcutaneous fat and
deeper structures may be compressed or distorted,
but it is rare that they are injured. Facial burn con-
tractures “eat skin.” One must be sure to provide
adequate donor tissue when performing a definitive
operation with full-thickness grafts. Contractures
must be overcorrected and large grafts used. Post-
operative management with conformers and pres-
sure is essential.

FLAPS. Flaps, with or without tissue expansion,
can be useful for facial burn reconstruction. The
thickness of skin flaps from all donor sites is greater
than the thickness of normal facial skin, and it tends
to mask normal facial movement and expression.
Because facial skin is tight after burn injury and
because flaps that are thick tend to contract when
transferred, they can compress or obscure the
underlying facial contours. The size of flaps required
to relieve contractures can be underestimated.
Transposing or advancing flaps from the neck and
chest to the face can create extrinsic contractures
that adversely affect facial appearance. Expanded
flaps are even more dangerous in this regard. 
Contractures with a downward vector create a “sad”
facial appearance that is distressing to patients.
Cervicopectoral flaps have the best match in color
and texture to facial skin. Distant flaps, whether
transferred by traditional techniques or micro-
surgery, share the common deficiency of poor color
and texture match. Probably the most appropriate
use of flap tissue for facial burn reconstruction is
when one side of the face is severely burned and the
contralateral side is completely unburned. Despite
these potential pitfalls, flaps can be helpful, partic-
ularly in resurfacing the large flat aesthetic unit of
the cheek. When transferred with tension, however,
the results can be disastrous (see Fig. 2).

The principles of facial burn reconstruction are
outlined in Table 1.

Evaluation and Treatment

Successful facial burn reconstruction is based pri-
marily on the overall strategy and an understand-
ing of the problem, not specific surgical techniques.
The best reconstructive plan is usually a judicious
combination of skin grafts and flaps, followed by
appropriate scar revision.

Deep second-degree and third-degree burns heal
by contraction and epithelialization. The deeper the
injury, the more the healing takes place by contrac-
tion. The changes in facial appearance after a deep
burn injury are dramatically demonstrated in
Figure 4. Three weeks after a deep second-degree
burn, the patient’s face remains essentially normal
in appearance before contraction. Six months later,
contraction has deformed the face in a pattern
common to all severe facial burns. These changes
can be referred to as the stigmata of facial burn
injury and are listed in Table 2. The eyelids are dis-
torted with ectropion and the nose is foreshortened
with alar flaring. The upper lip is shortened and
retruded with loss of philtral contour, and the lower
lip is everted, inferiorly displaced, and wider than
the upper lip in frontal view. The soft tissues of the
face and neck are drawn into the same plane, with
resultant loss of jaw line definition. The severity of
the changes is proportional to the severity of the
injury and may be focal or diffuse.

It is helpful to think of patients with facial burn
deformities as falling into two fundamentally differ-
ent categories (Table 3). Type I deformities consist
of essentially normal faces that have focal or diffuse
burn scarring with or without associated contrac-
tures. Type II deformities make up a much smaller
number of patients who have “panfacial” burn defor-
mities with some or all of the facial burn stigmata.
These categories are not rigidly defined, and some
patients clearly do not fit neatly into one or the
other. Nonetheless, understanding the fundamental

TABLE 1 Principles of Facial Burn

Reconstruction

Time improves scars
Scar excision is an oxymoron
Scars are the surgeon’s friends
Relaxed scars are happy scars
Tight is never right
A normal-looking face with scars is better looking than

a grotesque face with fewer scars

TABLE 2 Stigmata of Facial Burns

Lower eyelid ectropion
Foreshortened nose with alar flaring
Short, retruded upper lip
Lower lip eversion
Lower lip inferiorly displaced
Flat facial features
Loss of jaw line definition

TABLE 3 Facial Burn Categories

Type I: Essentially normal face with focal or diffuse
burn scarring with or without contractures

Type II: Panfacial burn deformities with some or all of
the stigmata of facial burns
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Figure 5 shows a patient with facial burn scar-
ring who falls into the type I category. The surgical
goals when treating type I deformities are very dif-
ferent from those appropriate for treating type II
deformities (Table 4). Because type I patients have
essentially normal faces, one must be certain that
surgical intervention does not adversely affect
overall facial appearance. The surgeon must not fall
into the trap of sacrificing overall facial appearance
to “excise scars.” One should not trade postburn
deformities for iatrogenic deformities (see Fig. 2).
Surgery should be performed only when it is rea-
sonably certain that it will improve facial appear-
ance. Recognizing that “complete cure” after a facial
burn injury is not possible is a helpful moderating
influence on both patient expectations and surgeons’
desire for heroic outcomes. It is important to keep
in mind that patients who have sustained facial
burn injury have an underlying tension associated
with their skin coverage that is not always obvious.
Scar excision and primary closure may cause more
secondary changes than expected. Adequate time
must pass to allow full scar maturation to occur.
Scar revision with Z-plasties and local flaps is often
the best option for type I patients. The pulsed dye
laser is helpful in decreasing erythema. Full-thick-

Figure 5 • Patient with type I facial burn deformities (see
text).

TABLE 4 Treatment Principles for 

Patients with Facial Burns

TYPE I DEFORMITIES: BASICS

Do no harm!
Do not sacrifice facial appearance to “excise scars”
Do not trade deformities
Recognize that “cure” is defined as “a satisfactory

outcome”
Remember that when tension from skin loss is the

problem, excision is often not the best solution

TYPE II DEFORMITIES: BASICS

Restore facial proportion
Restore the position and shape of facial features
Provide adequate soft tissue to accomplish restoration
Do not be a slave to aesthetic units
Mosaic faces look much better in real life than in

photos

differences between the two groups of patients can
help to define the treatment goals and aid in select-
ing the most appropriate methods of reconstructive
surgery.

Figure 6 • Patient with type II or panfacial burn deformities
(see text).
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ness skin grafts are excellent for correction of focal
contractures. Resurfacing of aesthetic units and
major flap transpositions are rarely indicated.

Type II deformities present a completely different
clinical situation (Fig. 6). The surgical goals are pri-
marily restoration of normal facial proportion and,
as much as possible, restoration of the position and
shape of facial features (see Table 4). Correction of
intrinsic and extrinsic contractures requires large
amounts of skin and should be carried out in staged
fashion. The sequence of operations is usually as
follows: eyelids, lower lip-chin complex, upper lip,
cheeks, nose, and whatever else remaining needs
attention. As each deformed area is improved, the
accompanying relief of tension has beneficial effects
on adjacent areas. Excision of normal skin or elastic
second-degree burned skin is rarely indicated. The
final stage of reconstruction is scar revision to recon-
tour and blend junctional scars. When normal facial
proportion has been restored and the facial features
have been returned to a more normal location and

shape without tension, significant improvement in
facial appearance can be achieved (Fig. 7).

All faces are a mosaic of colors, textures, wrin-
kles, and irregularities despite the imaginary ideal
of perfect skin color and texture. In a face that has
sustained major burn injury, the mosaic of scars,
grafts, wrinkles, pigmentary abnormalities, and
other flaws can be aesthetically acceptable provided
that the facial features are normally shaped, well
positioned, and sufficiently mobile for appropriate
facial expression (Fig. 8). The use of cosmetics can
be helpful in camouflaging areas of disparate
pigment and texture, especially in females.

Pearls and Pitfalls

• In patients with facial burns without distortion
of features, it is best to avoid large resurfacing
procedures.

A B

Figure 7 • A, Panfacial burn deformity in a 26-year-old firefighter. B, Seven years later. The reconstructive surgical sequence con-
sisted of lower eyelid release and the application of split-thickness skin grafts, upper eyelid release and split-thickness skin grafts,
lower lip–chin full-thickness skin grafts with a chin implant, full-thickness skin graft in the upper lip, a triangular fossa graft to the
philtrum, and right eyebrow reconstruction with composite scalp grafts.
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• If the surgical plan achieves normal facial pro-
portion, eliminates tension, and restores the
shape and location of facial features, satisfac-
tory results can be obtained.

• The development of burn centers has concen-
trated expertise and created a clinical experi-
ence that yields improved results.
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Figure 8 • A, Nineteen-month-old girl after a severe chemical burn injury with complete loss of the lips and left lower eyelid ectro-
pion previously treated with excision of scar and application of skin grafts. B, Appearance 26 years later after full-thickness skin
grafts applied to the left lower eyelid, left cheek, and upper and lower lips. Note that her face is attractive, proportional, and nor-
mally expressive.
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Facial paralysis refers to a condition in which all or
portions of the facial nerve are paralyzed. It is a 
devastating condition that has functional, aesthetic,
and psychosocial consequences. The facial nerve
controls the mimetic muscles that support the face
at rest and provide movement to the forehead,
eyelids, cheeks, mouth, and neck. In unilateral
cases, there is asymmetry at rest that increases with
facial expression. In bilateral cases, the expression-
less face carries no emotion, and patients are often
treated as mentally rather than physically chal-
lenged. The muscles that frequently require recon-
structive management are the frontalis, orbicularis
oculi, zygomaticus major, levator labii superioris,
orbicularis oris, and depressor labii inferioris.

Etiopathogenesis

Facial paralysis can be classified as congenital or
acquired. Congenital causes may be genetic, devel-
opmental (craniofacial microsomia), or intrapartum
from birth canal or forceps compression. One of 
the most common causes of congenital paralysis is
Möbius’ syndrome, often a combined bilateral 6th
and 7th cranial nerve paralysis. However, Möbius’
syndrome can be unilateral and is frequently asso-
ciated with dysfunction of the 9th, 10th, and 12th
cranial nerves. In addition, cases of isolated non-
syndromic paralysis occur.

Causes of acquired paralysis include trauma,
tumor, inflammatory disease, and neuromuscular
disease. The most common cause of facial paralysis
is inflammatory—Bell’s palsy, probably related to a
viral infection. Approximately 80% to 90% of persons
with Bell’s palsy recover from their paralysis
without a residual deficit.

In each case, the paralysis may affect all branches
of the facial nerve (panfacial) or only individual
branches. In any particular region of the face, the

Facial Paralysis 
RALPH T. MANKTELOW

RONALD M. ZUKER

paralysis may be partial or complete. In addition,
the paralysis may be bilateral. The most common
causes of bilateral paralysis are Möbius’ syndrome,
brainstem tumors, bilateral acoustic neuromas, and
bilateral temporal bone fractures.

Anatomy

Muscles of Facial Expression (Fig. 1,
Table 1)

The frontalis muscle is a broad sheet-like muscle
that originates from the galea, passes forward over
the forehead, and inserts into the orbicularis oculi,
procerus, and corrugator supercilii. It elevates the
brow and maintains the position of the eyebrows.
When frontalis function is lost, the eyebrow descends
and loses its ability to convey emotions. Ptosis of the
eyebrow is problematic in older patients because it
leads to marked asymmetry of the eyebrows and may
obstruct upward gaze. At rest, a person with a
depressed eyebrow appears unhappy—an appear-
ance that is accentuated with animation.

The orbicularis oculi is a thin muscle that acts as
a sphincter for the eyelids. The pretarsal and pre-
septal portions close the eye both during volition and
with blinking. Eye closure protects the eye from
trauma and desiccation. Blinking spreads the tear
film over the cornea and maintains a healthy
corneal epithelium. With paralysis, the patient has
dryness, conjunctivitis, and tearing. The eyelid
margins are wider than those of the opposite eye,
and there is no movement with facial expression.
Older patients with loss of lower lid support have
ectropion with scleral show.

The musculature of the cheeks and lips controls
lower facial expression and is important in eating,
drinking, and speaking. The two groups of muscles
are the lip retractors, including the zygomaticus
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Figure 1 • Muscles of facial expression. The deeper mimetic muscles are on the right side, and
the more superficial are on the left. (This drawing does not show the interweaving fibers of the
various muscles to form the orbicularis oris, but regards them as individual muscles seemingly
attached to a central raphe. Close examination at the time of surgery shows that the muscles inter-
weave to form the orbicularis oris, which is actually a composite muscle.) (From McCarthy JG [ed]:
Plastic Surgery. Philadelphia, Saunders, 1990.)

TABLE 1 Muscles of Facial Expression

Scalp

Frontalis: raises brows and wrinkles forehead as in
surprise

Occipitalis: with frontalis, in raising eyebrows
(insignificant physiologic function)

Ear

Anterior auricular: draws ear up and forward
Superior auricular: draws ear up
Posterior auricular: draws ear back

Eye

Orbicularis oculi: sphincter of eye, closes lids,
compresses lacrimal sac

Corrugator: draws eyebrows downward and medially as
in frowning or suffering

Nose

Procerus: draws medial angel of eyebrow downward
Anterior and posterior dilator naris: enlarge nares in hard

breathing and anger
Depressor septi: constricts nares
Nasalis: draws alar wings toward septum and

depresses cartilage

Adapted from Pansky B, House EL: Review of Gross Anatomy. New York, Macmillan, 1964, p 2246.

Mouth

Levator labii superioris: raises upper lip
Levator labii superioris alaeque nasi: raises lip and

dilates nares
Zygomaticus minor: with the 2 levator labii muscles,

forms nasolabial furrow; deepened when in sorrow
Levator anguli oris: with the 2 levator labii muscles and

the zygomaticus minor, expresses contempt or disdain
Zygomaticus major: draws angle of mouth up and back

as in laughing
Risorius: retracts angle of mouth
Depressor labii inferioris: draws lip down and back as in

irony
Depressor anguli oris: depresses angle of mouth
Mentalis: elevates and protrudes lower lip
Platysma: retracts and depresses angle of mouth
Orbicularis oris: a complex muscle with layers, some

parts intrinsic to the lips, the others derived from the
following facial muscles: buccinator, levator anguli oris,
depressor anguli oris, and zygomaticus major and
minor; closes lips, protrudes lips, and presses lips to
teeth

Buccinator: compresses cheek, holds food under teeth
in mastication, important in blowing when the cheeks
are distended with air
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major and minor, levator labii superioris, levator
anguli oris, depressor anguli oris, and depressor
labii inferioris, and the lip closers, the orbicularis
oris. The orbicularis oris forms the bulk of the lips.

The main complaint in lower facial paralysis is an
inability to smile. In addition, patients may have
difficulty with speech and conveyance of ideas and
emotion. The most important muscles in smiling are
the zygomaticus major and the levator labii superi-
oris. If the individual’s smile shows the lower teeth,
the depressor labii is also important. The orbicularis
oris is important in maintaining lip competence 
for both drinking and speech. The B, P, and M
sounds require buildup of oral pressure, and com-
pensatory articulations often develop in a patient
with paralysis.

The Facial Nerve

The facial nerve exits the skull base at the stylo-
mastoid foramen (Fig. 2). It becomes more superfi-
cial as it divides the parotid gland into superficial
and deep lobes. In the parotid gland the nerve
usually divides into two trunks, each of which
divides further within the substance of the gland.

On leaving the parotid, there are between 8 and 15
branches making up the five divisions of the facial
nerve: frontal-temporal, zygomatic, buccal, mar-
ginal mandibular, and cervical. The buccal and zygo-
matic regions have significant overlap because both
of these groups of nerves can supply the eye and the
mouth. Two divisions, the frontal-temporal and the
marginal mandibular, are of particular significance
because of their potential for injury (see Fig. 2).

The temporal division passes superiorly from the
parotid gland deep to the temporoparietal fascia and
crosses the zygomatic arch approximately 3 to 5 cm
from the lateral orbital margin. Some branches pass
under the superior part of the orbicularis oculi
before entering the frontalis. The upper branches
enter the frontalis laterally, just above the supraor-
bital ridge. There is little adipose tissue in this
region, and the nerves are prone to injury and lac-
eration when performing many surgical procedures,
including rhytidectomy.

The fourth division or group of nerve branches is
the marginal mandibular. One to three branches
pass below the ramus of the mandible and turn
superiorly to cross the mandible at the midbody.
This division supplies the depressor anguli oris,

A

B

Figure 2 • A, The critical landmarks in identifying the facial nerve’s main trunk are as follows: 1, the “conchal cartilaginous
pointer”; 2, the tympanomastoid sulcus; 3, the styloid process; and 4, the superior border of the digastric muscle’s posterior belly.
These structures should be identified before searching for the main trunk of the seventh cranial nerve. (From Baker DC: Facial
reanimation by hypoglossal-facial nerve anastomosis. In Brent B [ed]: The Artistry of Reconstructive Surgery. St. Louis, Mosby,
1987, p 298.) B, Various types of branching of the facial nerve. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia, WB 
Saunders, 1990.)
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depressor labii inferioris, mentalis, and occasionally
the lower orbicularis oris.

Diagnostic Studies and 
Patient Evaluation

Facial paralysis does not produce the same effect in
each person. In some, the effect on appearance is the
most distressful aspect of their paralysis, and with
others, the main complaint is a specific dysfunction
such as a dry eye or drooling mouth. Thus, it is
crucial to identify the patient’s chief complaint. The
cause of the paralysis is important because it affects
the potential for spontaneous recovery and nerve
regeneration.

Clinical examination usually pinpoints the site of
facial nerve injury. If the injury is within the bony
canal or more proximal, there may be taste alter-
ations and hyperacusis in addition to the facial
weakness. Examination must be systematic and
detail each portion of the face, both at rest and with
movement. The examination reveals the extent of
tone in each muscle or muscle group and the amount
of movement. Movement of key areas such as the
oral commissure and midportion of the upper lip
should be recorded with a measurement technique.
Synkinesis is the contraction of one or more muscles
when the individual’s intent is to contract a differ-
ent muscle, such as contraction of the orbicularis
oculi when attempting to smile. Synkinesis fre-
quently occurs with partial recovery of facial 
paralysis.

All of the cranial facial nerves should be evalu-
ated as part of the assessment. In addition, mag-
netic resonance imaging and computed tomography
may be useful in cases in which the diagnosis is
uncertain because these imaging modalities may
reveal tumors, acoustic neuromas, or other lesions
such as malaligned fractures or aneurysms.

Reconstructive Goals

For the eye, the aim of treatment is to protect the
globe and to treat symptoms such as burning, dis-
comfort, tearing, and redness. The aesthetic goal is
to provide symmetry at rest and some movement to
the lids. The ultimate goal of reconstruction of the
eye should be to enable it to express emotion.

The goals for the mouth are to correct asymme-
try, provide oral continence, provide movement that
simulates a smile, and improve speech. Only rarely
can all goals can be completely accomplished. The
patient should be counseled regarding the attain-
able expected results of surgery. Patients are more
likely to be satisfied with the results of surgery if
the expectations are realistic.

Treatment

Nonsurgical Management

Most patients with facial paralysis require some
type of nonsurgical treatment to protect the eye.
Such management may consist of lubricating the
eye to prevent drying; taping the lid closed, par-
ticularly while sleeping; and wearing soft contact
lenses or moisture chambers that are taped to the
skin around the orbit at night. Many patients 
wear protective eyeglasses, sometimes with a lateral
shield for windy or dusty conditions.

A number of eye preparations are commercially
available; the most fluid preparations are either
hydroxypropyl methylcellulose or polyvinyl alcohol.
The function of these agents is to prevent the cornea
from drying; however, they must be used repeatedly
throughout the day. Thicker gel-based agents 
usually have a longer-lasting effect but blur vision.
Ointments containing petrolatum are retained the
longest and are generally applied at night. Use of
the aforementioned agents must be instituted imme-
diately when paralysis occurs to prevent corneal
damage. The most dangerous clinical situation is a
combined fifth and seventh cranial nerve paralysis.
Because of the sensory loss in the eye, the patient is
unaware of the extent of damage that is taking
place, and the likelihood of corneal ulceration is
high.

Patients with partial paralysis can frequently be
improved with neuromuscular retraining supervised
by an experienced therapist. By practicing exercises
in front of a mirror and using biofeedback, patients
are often able to strengthen some facial movements
and improve the symmetry of their expressions.

Surgical Management

FOREHEAD RECONSTRUCTION. A brow lift is a
particularly useful procedure for improving an indi-
vidual’s symmetry. All brow lifts are static, and 
currently there are no useful procedures that can
provide dynamic forehead movement. Unilateral
paralysis may result in a difference in brow height
of up to 12 mm. Such disproportion produces
marked asymmetry in facial appearance, and cor-
rection of brow height is a relatively easy approach
to improving the patient’s appearance. For such a
large discrepancy, a direct brow lift through a supra-
ciliary approach is most effective, albeit with the
possibility of a visible scar. The incision should be
placed just inside the first hair follicles on the upper
aspect of the eyebrow. The supraorbital nerve is at
risk and must be carefully preserved. Nonetheless,
even with careful nerve preservation, patients often
complain of numbness or hypoesthesia.

A brow lift through a coronal incision, with or
without a fascial sling, can suspend the brow;
however, the scar, which is said to be concealed, is



198 —— Facial Paralysis 

usually visible on top of the head, and there are
often paresthesias posterior to the incision. It is not
possible to achieve as much lift through a coronal
incision as through a direct brow lift.

Endoscopically assisted brow lifts may be quite
useful for small amounts of brow ptosis, but they 
are not satisfactory for an older individual with 
significant ptosis. An alternative is to weaken the
contralateral normal frontalis muscle by frontal
nerve division, resection of strips of muscle, or injec-
tion of botulinum toxin (Botox). These techniques
are useful in a person who has marked wrinkling of
the forehead resulting from and a very active brow. 

EYELID RECONSTRUCTION. With loss of orbicu-
laris function, the upper lid is held open by the unop-
posed action of the levator palpebrae superioris. Two
options for dynamic closure of the upper lid are a
gold prosthesis, which places additional weight in
the upper eyelid, or a temporalis transfer. Gold
weights are the simplest and thus the first approach
to treatment. For the best result, they should be
placed at least 4 mm above the lid margin (to
decrease visibility) and secured to the tarsal plate
with a permanent suture. The weight should allow
for partial, but not complete corneal coverage. Inser-
tion of a weight that is sufficiently heavy to produce
complete eyelid closure often results in the weight
drifting, eroding through the skin, and having to be
removed. The most commonly selected weights are
1.0 and 1.2 g. Care must be taken to avoid damage
to the levator insertion during dissection for place-
ment of the gold weight because ptosis may occur.
After placement of the gold weight, eyelid closure is
a slow rather than a rapid blink. It is important that
the patient realizes this and learns to close and hold
for a short moment to allow the eyelid to descend.

Complications of gold weights include extrusion,
capsule formation (causing a visible lump), and 
irritation of the cornea. In any of these situations,
the weight can be easily removed, replaced, or 
repositioned.

Temporalis transfer can be used for eye closure.
A 1.5-cm-wide strip of temporalis muscle is detached
superiorly, turned anteriorly, and extended with 
a piece of tendon or fascia. Tendon is preferable
because it does not stretch. It is placed only in the
upper lid; a static correction for the lower lid is
created separately with a tendon sling technique.
This procedure is more dynamic than placement of
a gold weight. It is activated each time that the indi-
vidual closes the jaw. It does result in a bulge over
the lateral orbital margin, a slit-like appearance to
the palpebral aperture when closed, lateral move-
ment of the eyelid skin if it is adherent to the tendon
and, occasionally, prevention of upper eyelid move-
ment by adhesions of the underlying tendon.

Another alternative is a spring made of stainless
steel wire with two arms. One arm is placed along
the lid margin and the second is attached to the
inner aspect of the orbital margin. The tension in

the spring closes the eyelid when the levator labii
superioris is relaxed. Therefore, it is not gravity
dependent. There is a difficult learning curve to
place the spring correctly. Problems with the spring
technique include malpositioning, erosion, breakage
or weakening, and an unnatural curving of the
upper eyelid margin.

A microvascular neuromuscular transfer involv-
ing a cross facial nerve graft can also be used for
eyelid closure. The platysma muscle is the most suit-
able muscle for a free microvascular neuromuscular
transfer for reconstruction of the orbicularis oculi.
The technique is tedious and complex, but it should
be available for patients when other techniques
have failed. Reinnervation of the free flap may 
not occur, and the muscle may produce undesirable
thickening of the eyelids.

Lateral tarsorrhaphy remains a mainstay of
treatment of a paralyzed eyelid. The eyelashes
should not be removed to minimize the appearance
of a shortened eye. The main indication is in a
patient who has an anesthetic cornea or severe
corneal exposure with failure of the previously men-
tioned techniques. It is especially indicated in older
patients with concomitant senile ectropion.

The lower eyelid can be managed separately or as
part of a temporalis transfer. With normal eyelid
closure, the lower eyelid moves only 1 to 2 mm supe-
riorly. However, with paralysis, the lower lid tends
to stretch and sag, which results in scleral show,
tearing, and long-term ectropion. The lower eyelid
should be repositioned at the level of the limbus with
the punctum in apposition to the globe. The best
result is obtained by supporting the lower lid with
a strip of tendon. Proper placement of the tendon 
is difficult, but crucial because a properly placed
tendon strip does not deform the eyelid. Cantho-
plasties alone, in our experience, are not permanent,
tend to stretch, and produce unsatisfactory long-
term results.

Overall, the first-line management of the eye in
facial paralysis is the use of both the gold weight
and the lower eyelid sling in the majority of
patients.

NASAL RECONSTRUCTION. Because of paralysis
of the nasalis and levator labii alaeque nasi, along
with the drooping of the paralyzed cheek and devi-
ation of the paralyzed lower part of the face to 
the normal side, there is often loss of support for the
nostril and collapse of the ala. Correction is best
accomplished by elevating and laterally supporting
the alar base with a sling of tendon passed through
the alar base and fixed to the zygoma or inferior
orbital rim.

UPPER LIP AND CHEEK (SMILE) RECONSTRUC-
TION. The most common complaints of patients
with facial paralysis are the inability to smile,
drooping of the paralyzed side of the face, drooling,
impaired chewing, and speech difficulty. Options for
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management are regional muscle transfers or free
microneurovascular muscle transfers.

Regional Muscle Transfers. For regional muscle
transfers, either a portion of the temporalis, the
masseter muscle, or both are transferred. The tem-
poralis muscle is detached from the temporal fossa,
turned over the zygomatic arch, and extended to the
oral commissure with fascia (Fig. 3). It is important
to overcorrect the commissure of the mouth because
it does stretch in the immediate postoperative
period. An implant is required in the temporal
region to correct the residual hollow that is usually
present at the muscle donor site. The temporalis
also produces a significant muscle bulge where it is
redraped over the zygoma. Alternatively, the tem-
poralis muscle can be detached at the coronoid
process and lengthened with fascia grafts to reach
the mouth. This technique does not result in hol-
lowing in the temporal fossa, nor does it create a
bulge over the cheek. The problem with temporalis
transfer is that the amount of movement obtained
is not sufficient to satisfy most patients. However,
the position of the commissure at rest is often 
satisfactory.

Microneurovascular Muscle Transfers. A micro-
vascular neuromuscular transfer uses a portion of
muscle, usually the gracilis, latissimus dorsi, or 
pectoralis minor, for facial motion. Innervation is
achieved with either the ipsilateral or contralateral
facial nerve. Occasionally, in patients with bilateral
paralysis the masseter motor nerve from the para-
lyzed side can be used. The transferred muscle is
attached to the mouth at the insertion of the levator
labii and the zygomaticus muscles into the orbicu-
laris oris. The muscle can be placed at an angle that
simulates the vector of movement similar to that on
the opposite side of the face. The amount of muscle
that is used determines, to some extent, the amount
of movement ultimately achieved. The surgeon is
limited in the amount of muscle that can be inserted
because an excessive amount of muscle produces a
contour deformity on the side of the face.

It is important that the individual’s smile on 
the normal side be assessed. The commissure and
upper lip are evaluated for direction of move-
ment, strength of movement, and the amount of
movement of the upper lip relative to the com-
missure. The shape of the lips, the nasolabial fold,
and the presence of a labiomental fold are also

A

B

Figure 3 • Technique of temporalis transposition. A, Preauricular incision with extension into the scalp. The entire
muscle is elevated, and four or five incisions are made for insertion of the slips. B, Muscle slips are transposed to the
upper and lower eyelids, upper lip and melolabial fold, lower lip, and commissure. Overcorrection is essential. The
muscle should be sutured medial to the melolabial fold and interdigitated with the orbicularis oris muscle in the upper
lip. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia, Saunders, 1990.)
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assessed. The surgeon can use this analysis to plan
for muscle insertion on the paralyzed side in such a
way that it closely simulates movement on the
normal side.

The classic approach to a microneurovascular
muscle transfer is to innervate it with a cross facial
nerve graft. First, facial nerve mapping with a
microbipolar nerve stimulator that has variable fre-
quency and voltage control is used to identify the
function of each individual facial nerve branch. The
disposable nerve stimulators that are frequently
used in peripheral nerve surgery are not suitable.
The muscles that contract can be identified by visual
examination. The zygomaticobuccal nerve branches
that produce a normal smile are identified. The most
common error is falsely interpreting upper lip orbic-
ularis oris contraction as being due to zygomaticus
major movement. If a nerve that produces pucker-
ing of the lips is used for smile reconstruction, move-
ment of the paralyzed muscle does not occur during
smiling. It is important to evaluate all branches that
produce a smile on the normal side before dividing
branches for the nerve graft. It is possible to insert
a cross facial nerve graft without seriously down-
grading the smile on the normal side; however, 
in rare situations, sufficient branches are not 
available.

A short nerve graft, approximately 10 cm in
length, is passed from the normal side to the contra-
lateral buccal sulcus. A short nerve graft requires a
waiting period (approximately 6 months) between
the nerve graft and the muscle transfer. Short nerve
grafts also achieve stronger muscle contraction.

The gracilis muscle is the muscle of choice for
reconstruction. The pedicle is a good match for the
facial artery and vein, the muscle can be sacrificed
without any functional loss, and the scar is in an
inconspicuous location. A segment of muscle based
on the dominant pedicle is cut and should be of suf-
ficient length to reconstruct the smile. The amount
of muscle varies between 12 and 40 g, depending 
on the size of the patient and the patient’s facial
requirements. The muscle is divided longitudinally,
and approximately 30% to 70% of the cross section
of the muscle is harvested. The correct tension on
the muscle is difficult to ascertain because the even-
tual appearance of the face is determined by a com-
bination of mechanical tension within the muscle
and the degree of tone that the muscle develops.

After a microvascular neuromuscular transfer,
movement does not occur for 6 to 8 months and grad-
ually increases in strength for an additional year.
Disadvantages of the cross facial nerve graft and
muscle transfer technique are the complexity of the
procedure and the length of time required for even-
tual recovery. Furthermore, there is a great deal of
variability in the amount of movement that occurs
from patient to patient. It is not uncommon for the
patient to request a third procedure either to tighten
or to loosen the muscle and to remove bulk from the
cheek (Fig. 4).

Bilateral Paralysis: Microneurovascular Muscle
Transfers. Microvascular neuromuscular trans-
plantation is especially useful in patients with 
bilateral paralysis, such as Möbius’ syndrome. The
nerves that have been used to innervate the muscle
include cranial nerves V, XI, and XII. Cranial nerve
XII provides innervation, but movement of the
muscle is sometimes weak, and a patient with
Möbius’ syndrome may also have a degree of 12th
nerve paralysis. If the 12th nerve is used, it is done
as a hemiinnervated nerve graft so that only half the
hypoglossal nerve is divided. The masseteric nerve
of cranial nerve V is the motor nerve of choice. It lies
on the deep surface of the masseter muscle and is
identified by dividing a portion of the muscle origin.
The use of this nerve bilaterally does not produce
functional deficits with respect to chewing. Inner-
vation is reliable and occurs at approximately 2 to 3
months. Smile movement does not occur sponta-
neously and must be learned. Patients first practice
smiling in front of a mirror with family and friends
and finally with strangers. With time, many
patients are able to smile without conscious effort
and without any evidence of jaw movement. With
this technique, the position of the lower lip is
improved, there is less of a tendency to drool, and
speech may be improved.

Static Slings. In older patients, the amount of
facial drooping at rest can be significant and is fre-
quently a main concern. If the only goal is to produce
a symmetric face at rest, static slings are useful. A
tendon sling is used, either the palmaris longus,
plantaris, or extensor digitorum longus. The tendon
is woven back and forth between the body of the
zygoma and the upper lip and commissure, with
slight overcorrection at the time of surgery.

LOWER LIP RECONSTRUCTION. Problems associ-
ated with the lower lip are usually due to a lack of
function of the marginal mandibular nerve. As a
result, when smiling and showing teeth, the lower
lip on the paralyzed side assumes a slanted inclina-
tion rather than a pull down to show the teeth. In
the normal resting position and with a closed lip
smile in which the teeth are not showing, the defor-
mity is not usually noticeable. Most patients are
primarily concerned with the asymmetric appear-
ance of the lower lip during open lip smiling.
Although many techniques have been described for
reconstruction of the depressor muscle, including
transfer of the digastric muscle, sometimes com-
bined with cross facial nerve grafts, the procedures
are complicated and it is difficult to achieve the
desired amount of motion. The authors’ approach to
depressor paralysis has been to perform selective
myectomy of the depressor labii inferioris on the
nonparalyzed side. This procedure is relatively
simple in most patients, although in some it is dif-
ficult to remove all the muscle. The procedure is
usually preceded by injection of a local anesthetic or
botulinum toxin (or both) into the depressor labii
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inferioris so that patients can decide whether they
wish to undergo muscle resection.

Multispecialty Approach 
to Management

The skills of the ophthalmologist and otolaryngologist
are frequently necessary to aid in eye and nasal func-
tional problems. In early childhood, feeding may be a
problem for a patient with Möbius’ syndrome who is
unable to effectively suck. The psychosocial aspects
of facial paralysis are enormous, and psychosocial
support may be necessary for patients who are unable
to cope with their paralysis. Social workers, clinical
psychologists, and developmental psychologists are
valued members of the clinical team.

Pearls and Pitfalls

• A wide variety of reconstructive techniques is
required for optimal rehabilitation in a patient
with facial paralysis.

• Microsurgical free muscle flap reconstruction of
the smile produces excellent results.

• Intraoperative identification of the appropriate
donor nerve is fundamental to obtain an uncon-
cious smile in patients with unilateral facial
paralysis.

• Canthopexy alone yields poor results on lower
eyelid position. Tendon grafts are useful to set
and maintain the lower lid height.

• Botox is a useful adjunct for reducing asymme-
try in a paralyzed face, especially in the lower lip.

A B

C D

Figure 4 • A, Preoperative appearance of a patient with left-sided partial facial paralysis at rest. B, With smiling the patient had only
4 to 5 mm of movement at the left commissure. C, After a cross facial nerve graft and microneurovascular muscle transfer the patient
has symmetry at rest. D, With smiling the patient achieves 10 mm of spontaneous movement at the left commissure.
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Many methods have been used to attempt to restore
facial contour and facial harmony. The advent of
microsurgical tissue transfer has revolutionized the
treatment of facial soft tissue contour defects,
becoming the “gold standard” for severe defects.
Microsurgery had its origins in reconstruction after
trauma and cancer ablation, with a focus also on
functional restoration. Microsurgical reconstruction
for aesthetic purposes has become more common as
techniques have improved. Minimization of donor
site defects has allowed for a role for microsurgical
reconstruction of aesthetic defects. The ideal recon-
struction of a facial defect will reestablish a harmo-
nious and symmetric appearance. Frequently, these
goals are expeditiously and reliably achieved by a
microsurgical approach.

Although many techniques are used, experience
has been that free tissue transfer yields the longest
lasting and most predictable results. Fasciocuta-
neous flaps specifically have produced the most
superior and predictable aesthetic results because
they can be sculpted and shaped with more 
precision.

Etiopathogenesis

Contour deformities can result from a variety of
causes, can be unilateral or bilateral, and can range
in severity from mild to severe. The most common
cause of a facial contour abnormality is Romberg’s
disease, also known as progressive hemifacial
atrophy of unknown cause. This clinical phenome-
non was first described by Parry in 1825 and by
Romberg in 1846. The incidence is not known, and
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clinical signs are usually first noted in the initial 2
decades of life. The atrophy is progressive and
usually affects the skin and subcutaneous tissue. In
severe cases, with childhood onset, the underlying
muscles and bones are also affected. The cause of
Romberg’s disease has not been elucidated, and
although distinct from scleroderma, it may repre-
sent a localized form of scleroderma. The end result
is progressive atrophy of one side of the face 
followed by a stable “burned out,” atrophic 
appearance.

Lupus erythematosus and scleroderma are the
most common connective tissue disorders resulting
in soft tissue atrophy with facial involvement.
Lupus erythematosus is an inflammatory connective
tissue disorder of unknown cause that occurs pre-
dominantly in women (90% of cases). It can have a
variable clinical course. Patients are often positive
for antinuclear antibodies in their serum, including
anti-DNA antibodies (more specific for systemic
lupus). Various forms of lupus can result in telang-
iectasia and skin atrophy. Scleroderma, which
occurs four times more often in women, causes
diffuse fibrosis of the skin, blood vessels, synovia,
and vital organs such as the kidneys. The patho-
genesis is not clear, although a combination of vas-
cular abnormalities, excess collagen deposition, and
extracellular matrix production is implied. The skin
is involved in more than 95% of cases.

Additional causes include connective tissue dis-
orders, nerve palsy, burns, trauma, cancer, HIV-
associated lipodystrophy, craniofacial microsomia,
and other congenital abnormalities. Microsurgical
techniques have also been used to restore contour in
cases in which silicone or other injectable material
had an adverse effect on the skin and underlying
soft tissue.
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Pathologic Anatomy

The specific abnormality in facial structure depends
on causality. To enable the most complete aesthetic
restoration, it is important to define the full extent
of the defect, which can be usually accomplished by
a complete physical examination followed by radi-
ographic evaluation of the bony structures. Such
evaluation is important because patients with 
scleroderma or Romberg’s disease may have defects
encompassing not only the skin and underlying 
soft tissue but also the underlying bone. The func-
tional status of the facial nerve branches should 
be assessed before embarking on any surgical 
reconstruction.

Diagnostic Studies

If a bony abnormality is suspected, a facial com-
puted tomographic scan should be obtained. If the
orbit is evaluated, 1.5-mm cuts through the orbits
are necessary. In facial trauma cases, if the
mandible is involved, a Panorex view may be
helpful. If no bony abnormalities are noted on phys-
ical examination, radiographic studies are not indi-
cated. If nerve involvement is present, it may be
helpful to obtain an electromyogram (EMG).

Surgical Indications and Options

Patients with Romberg’s disease or other connective
tissue disorders resulting in facial atrophy may have
a deformity that often includes all components of the
facial form: skin, subcutaneous tissue, muscle, and
bone. Treatment options for correction of facial
deformities range from synthetic materials, includ-
ing liquid silicone and alloplastic implants, to fat,
bone, cartilage grafts, dermis-fat grafts, local flaps,
and free tissue transfers. The results of facial con-
touring with silicone injections (not approved by the
U.S. Food and Drug Administration) have generally
been unsatisfactory, with the possibility of delayed
scar and contracture formation, as well as progres-
sive skin breakdown. Removal of free silicone can be
a difficult task and can render future reconstructive
efforts more challenging. For mild defects, injection
of synthetic material appears to be a “quick fix” and
is of little cost to the patient and little time to the
surgeon. Belying the initial promise of injectable
and prosthetic materials, the clinical results are dis-
appointing. Although these materials are easy to
use, the results are often dissatisfying to patient and
surgeon alike.

Autologous fat injections have the obvious advan-
tage of being cost-efficient and relatively simple to
perform with no risk of “rejection” or allergic reac-

tion. Large defects are less suitable for fat injection.
However, injectable materials such as fat, collagen,
and Cymetra have the drawback of being resorbed
over time. More permanent (alloplastic) materials,
in contrast, are prone to infection, seroma, and
capsule formation and have unpredictable results.

Although other authors have claimed that not all
patients are candidates for free flap surgery, in our
experience, the following approach is applicable to
patients with both severe and mild abnormalities
alike. Muscle or myocutaneous flaps are often too
bulky for the purpose of facial contouring and thus
their use has largely been discarded. The tem-
poroparietal flap is thin and does not usually provide
adequate volumetric augmentation. Omentum has
been used for facial recontouring but has many 
disadvantages, including obligate intraabdominal
harvesting and difficulty in long-term flap fixation
(with no dermal or fascial attachments to fix the
tissue to the desired location). The groin flap and
superficial inferior epigastric flap are among other
options for fasciocutaneous free tissue transfer. The
superficial inferior epigastric flap is useful when a
large amount of skin coverage is required. However,
this flap limits the possibility of incorporating thin,
pliable fascia beyond the width of the skin paddle
design. Therefore, this flap would not allow optimal
management of subtle midline-associated deformi-
ties, as often seen in hemifacial atrophy. Flaps based
on the circumflex scapular pedicle appear to be the
most versatile flaps for restoration of facial contour.
This chapter focuses primarily on techniques for
harvesting and using this flap.

Timing of the Procedure

Because many of the underlying causes of facial
atrophy have a progressive nature, it is important
to ensure that the deformity has reached a stable
stage before embarking on surgical correction. For
posttraumatic defects, all other medical/surgical
issues should be resolved. If bony abnormalities
exist, they should be corrected before soft tissue cor-
rection. A minimum of 18 to 24 months should elapse
after evidence of cessation of progressive atrophy. In
most cases the superficial temporal vessels are of
adequate size for microvascular anastomoses. In
bilateral cases, the free tissue transfers are sched-
uled at least a month apart; revisionary surgery is
performed on both sides 6 months after the second
free tissue transfer.

Surgical Technique: 
Parascapular Flap

The areas of facial deformity are marked with the
patient in the upright position. Attention is paid to



Restoration of Craniofacial Soft Tissue Contour —— 205

H
ead

 an
d

 N
eck, R

eco
n

stru
ctio

n

the three-dimensional nature of the asymmetry. A
two-dimensional template can be used with special
marking for the areas in need of more soft tissue
augmentation (dermis, fat, and fascia) and areas
where the edges of the flap will be tapered and inter-
twined with the normal tissue to avoid unsightly
step offs.

The ipsilateral donor site is preferred to allow a
two-team approach to the recipient and donor site.
The horizontal and vertical branches of the circum-
flex scapular artery can be outlined on the skin with
the help of a hand-held Doppler. The required soft
tissue flap is marked on the skin in a vertical-to-
oblique orientation, depending on the length of flap
required (Fig. 1). The patient is placed in the supine
position with a roll behind the ipsilateral shoulder
to allow simultaneous exposure of the scapular and
facial areas. After closure of the donor site, the roll
is removed so that the face can be assessed more
easily for symmetry. The ipsilateral upper extrem-
ity is prepared and draped along with the remain-
ing operative site. The upper part of the arm and
shoulder can be easily positioned during harvesting
for better visualization of the circumflex scapular
vessels.

The table is positioned in the operating room in
a manner that allows the surgeon access to both
sides of the head, as well as the ipsilateral side of
the patient. The anesthesia equipment is located
along the contralateral side of the table. A crossbar
placed at the level of the shoulders and draped into
the field can be used to stabilize the ipsilateral
upper extremity during harvesting.

The face is dissected through a preauricular inci-
sion. The facial dissection is performed in a subcu-
taneous plane to release all of the tethered soft
tissue and is extended beyond the borders of the
atrophic tissue to allow adequate setting of the flap.
Dissection deep to the alar base at the piriform aper-
ture may be required to allow repositioning of the
alar base to a more symmetric position.

The superficial temporal artery and vein are most
commonly used as recipient vessels and are visual-
ized through the preauricular incision. After an 
adequate skin envelope is elevated, meticulous
hemostasis is achieved.

The parascapular flap can be harvested simulta-
neously (see Fig. 1). The flap commonly has an ellip-
soid design, which simplifies primary closure of 
the donor site. The circumflex scapular pedicle is

Teres major 
muscle

Long head of
triceps muscle

Spine of
scapula

Teres minor
muscle

Infraspinatus
muscleLateral border

of scapula

Circumflex
scapular artery

Figure 1 • Positioning of the patient for simultaneous flap harvest and preparation of the donor site. The flap is harvested accord-
ing to the size of the defect. Fascia and fat can be harvested beyond the borders of the skin harvest. The circumflex scapular
vessels exit the triangular space and are approached inferiorly. After dissecting to the level of the teres major muscle, care is taken
to identify and isolate the pedicle.



206 —— Restoration of Craniofacial Soft Tissue Contour

identified within the triangular space bordered by
the teres major muscle inferiorly, the teres minor
muscle superiorly, and the long head of the triceps
muscle laterally. The flap is designed in a fashion to
capture the vascular pedicle. An important consid-
eration regarding flap design is the location of the
tissue requirements on the face in relation to the
proposed location of the anastomoses to the super-
ficial temporal vessels. If tissue augmentation is
necessary both superior and inferior to the future
anastomosis below the zygomatic arch, the donor
flap will extend onto the shoulder as well as into the
inframammary fold. The amount of skin harvested
with the flap can be limited to the areas of the face

with the most severe degree of atrophy and need for
greatest augmentation. The fascial extensions can
be folded into two or more layers, a maneuver that
gives the surgeon a tool to correct variable deficits
with the same flap.

The skin and subcutaneous tissue are incised and
the flap is elevated in a subfascial plane in retro-
grade fashion. The vascular pedicle can be followed
to the level of the thoracodorsal vessels. If additional
bulk is needed, portions of regional muscles, such as
the teres major muscle, can be harvested. The
wound is closed in layers over a suction drain.

The anastomoses to the superficial temporal
vessels are performed in an end-to-end fashion, the

Fascia

Fat

De-epithelialized skin

Dermis

Fat

Fascia

Placement of
de-epithelialized
parascapular flap

Anastomosis to
superficial temporal
artery and vein

Figure 2 • The deficit should be estimated preoperatively and the face marked accordingly. Areas
with the most need will be reconstructed with deepithelialized skin, fat, and fascia, whereas areas
of less need include only fascia. Inset shows a cross section extending from the oral commisure
to the ear. Note how the flap in tapered such that only fascia is placed at the level of the com-
misure, whereas closer to the ear the flap has more thickness. Note the through-and-through
pledget sutures.
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vein followed by the artery. The flap is draped in its
final orientation on the face. The skin is deepithe-
lialized and flap thickness tailored to meet the
requirements of the various regions of the recipient
site. The transition between thicker and thinner
areas is tapered to achieve a more natural facial
contour. It is almost impossible to overresect or over-
thin the flap during the first operation. Optimal aes-
thetic reconstruction is achieved in the majority of
patients with a second procedure to revise the flap
and finalize facial contouring.

The flap is secured in the area close to the anas-
tomoses and also sutured to the periosteum of the
infraorbital rim and zygoma with nonabsorbable
material to prevent caudal shifting. The head of the
bed is raised to assist in natural contouring of the
flap. The fascial extensions of the flap are secured
in the desired position with nylon sutures passed
through the skin and tied over Vaseline gauze (Fig.
2). It is important to stretch the flap to its original
dimensions to avoid sagging or redundancy.

Postoperative Care

No dressing is used on the face. Patients receive one
aspirin tablet (rectally) per day starting in the 
recovery room, and this is continued orally for 1
month. Doppler signals in the artery and vein are
monitored for 2 days. Patients leave the hospital
between 3 and 5 days postoperatively. The facial
drain is usually removed before discharge. The
donor site drain and preauricular and facial sutures
are removed on postoperative day 7.

Revisions are planned beginning at 5 months
after free tissue transfer to allow time for complete
resolution of edema.

Most patients will require surgical revision, if
only to debulk the flap. Revisions are best scheduled
at least 5 months after surgery. This period will
allow time for adequate reduction of swelling and
maturation of the flap and surrounding bed vascu-
larity. If debulking is all that is required, the initial
preauricular incision may be used, and either lipo-
suction or direct excision of fat with scissors may be 

performed. Some patients may require other pro-
cedures, with the overall goal being restoration of
facial harmony. Ancillary procedures such as face
lift, blepharoplasty, lateral canthoplasty, genio-
plasty, and rhinoplasty can be performed at the time
of revision surgery to optimize the final result.

Pearls and Pitfalls

• The optimal procedure for restoration of facial
contour is free tissue transfer.

• With increasing clinical experience, the indica-
tions for free tissue transfer have been
extended to any subtle contour deformity not
amenable to correction with local or regional
tissue transfer.

• A limited preauricular incision minimizes the
stigmata of facial surgery by eliminating an
unsightly neck incision.

• The overall goal of facial harmony may include
ancillary procedures and revisions.

• It is more difficult to achieve symmetry in uni-
lateral cases, particularly when changes in
skin texture are present.
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Reconstructive plastic surgery has made great
strides in restoring defects of the maxillofacial and
craniofacial regions with the use of autogenous
tissues. Not all defects, however, are amenable to
correction by surgical reconstruction. Often, tissues
and structures of this region are highly complex or
specialized, thus negating the possibility of recon-
struction with autogenous tissue. Examples include
replacement of an eye, ear, or other facial structure.
In many of these situations, a prosthesis is the best
option. Intraoral defects requiring replacement
often need a maxillofacial prosthesis to restore the
teeth, jaws, or surrounding structures of the stoma-
tognathic system. Replacements for external struc-
tures of the head and neck region are usually termed
craniofacial prostheses.

Etiopathogenesis/Causative Factors

Defects requiring maxillofacial or craniofacial pros-
theses are almost exclusively either congenital
anomalies or defects caused by trauma or ablative
surgery. Radiation therapy may also lead to tissue
destruction resulting in the loss of normal facial
form. Advanced stages of diseases such as tubercu-
losis, noma, and syphilis can result in destruction of
facial structures; although these conditions are
infrequent in developed countries, they are still
occasionally seen in the third world.

Pathologic Anatomy

In addition to the actual defect that must be recon-
structed with a prosthesis, the anatomic structures
surrounding a defect are often abnormal in position
and contour. Scarring or alterations in the insertion

and origin of muscles and other soft tissues may
affect how a prosthesis used to reconstruct an ear,
orbit, or other craniofacial structure might appear.
An abnormal foundation for the prosthesis may
necessitate a prosthesis that is also similarly abnor-
mal to blend into the surrounding structures. One
example is fabrication of an auricular prosthesis for
a patient with craniofacial microsomia and microtia.
If the surrounding structures are also restricted in
their development, with a lower hairline and small
mandibular body/ramus and zygoma, the fabricated
auricular prosthesis should not be placed in perfect
symmetry with the auricle on the unaffected side;
instead, it should blend into the surrounding 
local craniofacial environment to give a natural-
appearing result.

Diagnostic Studies

The most helpful diagnostic as well as pretreatment
study in prosthetic reconstruction of a maxillofacial
or craniofacial defect is a high-resolution computed
tomographic (CT) scan with three-dimensional
reformatting. These are particularly important 
for any facial prosthesis that will be retained 
by osseointegrated titanium implants. CT scans
provide information on the quantity and quality of
bone in the region where the implants will be placed.
Similarly, appropriate CT scans show vital struc-
tures that may affect implant positioning, such as
the course of the facial nerve during placement of
osseointegrated implants in the parietotemporal
region to retain an auricular prosthesis for a patient
with unilateral craniofacial microsomia.

Placement of almost any implant-retained intra-
oral prosthesis similarly requires a CT scan with
three-dimensional reformatting (i.e., Dentascan) to
assess the quality and quantity of the recipient bone

Maxillofacial and 
Craniofacial Prosthetics

LAWRENCE E. BRECHT
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and vital structures surrounding the defect. In the
case of non–implant-retained maxillofacial prosthe-
ses (such as a maxillary obturator prosthesis or a
speech bulb prosthesis for a patient with a cleft
palate), a panoramic radiograph and a full set of
dental periapical radiographs should be obtained 
to evaluate the teeth that will be used to retain the
prosthesis, as well as the quality of bone supporting
the dentition.

Nasoendoscopy and videofluoroscopy are useful in
assessing the effectiveness of a soft palate obturator
prosthesis fabricated to assist in velopharyngeal
closure.

Reconstructive Goals

The two primary goals of any maxillofacial or cra-
niofacial prosthetic reconstruction are to restore
normal form and function. These goals may not be
attained completely with the current state of tech-
nology in the field of intraoral and extraoral pros-
theses. Although eyes and periorbital structures
may be aesthetically replaced by a prosthesis, the
function of the human eye cannot be “reconstructed”
by a prosthesis. Each prosthesis has a reconstruc-
tive goal specific to the particular anatomic struc-
ture that it is replacing, but in general, most
prostheses, whether intraoral or extraoral, achieve
greater aesthetic than functional success.

Treatment

Extraoral Craniofacial Prostheses

AURICULAR PROSTHESIS. In older adult patients,
in whom most defects are the result of surgical
removal of the ear for the treatment of carcinoma or
trauma, the external ear is most often replaced by
a prosthesis (Fig. 1). In contrast, a congenitally
absent ear in a child is most appropriately replaced
by an autogenous reconstruction. Although an auto-
genous ear reconstruction does not provide the
detail in form that a well-constructed prosthesis
does, an autogenously reconstructed ear does not
require replacement on a regular basis. As children
grow, they are more likely to accept the less than
ideal form of an autogenously reconstructed ear as
part of their normal body image. Autogenous ear
reconstruction in an adult does not always provide
the anatomic detail that adults have come to con-
sider as a normal part of their body image.

Auricular prostheses are fabricated from custom-
colored silicone polymer blended to match the 
surrounding skin. The prosthesis is retained by
medical-grade adhesives or by clips or magnets
attached to osseointegrated titanium implants
placed in the parietotemporal bone (Fig. 2). Fabri-

cation of an auricular prosthesis is not entirely cos-
metic inasmuch as studies have demonstrated that
a prosthesis improves sound collection in patients
with a missing auricle.

A

B

Figure 1 • A, Patient with an implant-retained auricular pros-
thesis in place after suffering traumatic avulsion of the exter-
nal ear in a cycling accident. B, Prosthesis removed, showing
underlying implant.
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OCULAR PROSTHESIS. When an eye is lost as a
result of trauma but the contents of the orbit remain
(such as the extraocular muscles), the globe may be
replaced with an ocular prosthesis. The prosthesis
is custom fabricated from acrylic polymer and can

provide a remarkable aesthetic match in most 
situations.

ORBITAL PROSTHESIS. When the contents of the
orbit have been exenterated and the surrounding
bone and soft tissues have been resected, a prosthe-
sis can provide a suitable simulation of the lost
structures. An orbital prosthesis contains an ocular
prosthesis to replace the globe, and silicone elas-
tomeric polymer is used to reproduce the skin of 
the eyelids and surrounding soft tissue. An orbital
prosthesis may be retained by adhesive or by clips
or magnets attached to implants placed into the
bones surrounding the defect (Fig. 3). The superior
orbital rim and the inferior lateral orbital wall
provide the most ideal implantation sites.

An excellent aesthetic result can be achieved with
the use of adhesive or implants for retention of an
orbital prosthesis. Patients with an orbital prosthe-
sis should be encouraged to wear eyeglasses not only
to protect the remaining eye but also to cover the
skin-prosthesis margin.

NASAL PROSTHESIS. Nasal defects are most often
reconstructed surgically with autogenous tissue.
Frequently, however, reconstruction is delayed after
resection to observe for local recurrence. During this
period (often 12 to 18 months), a patient with a
partial or total rhinectomy benefits from a nasal
prosthesis. When used as a short-term or interim
prosthesis, the nasal prosthesis (fabricated from
custom-colored silicone elastomeric polymer) is
retained by adhesive. If a nasal prosthesis is to serve
as a long-term or definitive restoration, considera-
tion should be given to placing osseointegrated 
titanium implants for retention and avoidance of
adhesives, which over time degrade the thin silicone
margins of the prosthesis. In addition to the aes-
thetic role that a nasal prosthesis plays, it also

Figure 2 • Tissue surface of an implant-retained silicone 
elastomer auricular prosthesis. Retentive clips engage a bar
attached to implants.

A B

Figure 3 • A, Patient after orbital exenteration with osseointegrated implants in place. B, Patient with prosthesis in place. Note patient
is wearing glasses both to hide the margins of the prosthesis and to protect the remaining eye.
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serves to protect the nasal mucosa from direct
contact with cold dry air in the winter months. A
nasal prosthesis helps to provide the function of an
intact external nose in that it assists in warming,
filtering, and moistening inspired air before it enters
the lower respiratory tract.

FACIAL PROSTHESIS. Extensive facial defects as a
result of trauma or treatment of advanced skin
cancer may be restored with a facial prosthesis.
Facial prostheses often encompass combined areas
such as those resulting from the loss of an eye, nose,
and cheek. A facial prosthesis is most often fabri-
cated from custom-colored silicone elastomeric
polymer and may be retained by adhesives, by clips
and magnets that attach to endosseous implants, 
or by extensions of the prosthesis into soft tissue
undercuts within the defect.

CRANIAL PROSTHESIS. Large cranial defects that
cannot be restored with autogenous bone grafts may
be candidates for reconstruction with a cranial pros-
thesis. A cranial prosthesis may be very accurately
fabricated from CT data and a stereolithographic
model or from traditional techniques of impression-
ing the defect indirectly. Cranial prostheses may be
fashioned from acrylic reinforced with stainless
steel mesh and may be wired into place to protect
the underlying brain and restore cranial form.

NASAL STENTS. Custom nasal stents may be 
fabricated to provide support for an internal nasal
valve that is deformed or scarred as a result of
surgery or trauma. Stents may be made of hard
acrylic or flexible silicone and may be modified in
conjunction with reconstructive surgery. Serially
modified stents may also be used in an attempt to
enlarge the circumference of a constricted external
naris or nostril.

Intraoral Maxillofacial Prostheses

OBTURATOR PROSTHESIS. Restoration of maxil-
lary defects resulting from tumor resection is most
predictably achieved with an obturator prosthesis
(Fig. 4). An immediate or surgical obturator is fab-
ricated before ablative surgery and inserted while in
the operating room after maxillectomy to restore
palatal form and provide separation of the oral and
nasal cavities. An obturator is usually preferable to
an autogenous reconstruction and should be consid-
ered when maxillary resection is necessary.

Before insertion of an immediate obturator, the
surgical defect may be lined with a split-thickness
skin graft to provide greater resistance to abrasion
by the prosthesis. The keratinized skin graft also
contracts at its junction with the oral mucosa to
create a band of scar tissue that provides a “purse
string” effect around the obturator. The scar tissue
greatly improves retention, stability, and the periph-
eral seal of the obturator. An immediate obturator

A

B

C

Figure 4 • A, Postresection model of maxillary defect. B,
Maxillary prosthesis. C, Prosthesis in place.
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is used by the patient during the healing period and
may easily be modified as the contours of the defect
change over time. The prosthesis is fabricated from
processed acrylic and wire clasps, and teeth are used
to provide retention. When a patient is edentulous
in the maxilla, existing dentures may be modified in
the operating room to provide retention by engaging
undercuts in the defect. An immediate obturator
may also be wired into place during the initial
healing period if no other means of retention are
available.

After the peripheral tissues surrounding the
defect have healed, a definitive obturator prosthesis
may be fabricated. Additional healing time should
be allowed, especially if the surrounding tissues
have been irradiated. A definitive obturator is con-
structed from tissue-colored acrylic and prosthetic
teeth and is retained by a metal base and custom
cast metal clasps that engage teeth proximal to the
defect. A definitive obturator may also be retained
by osteointegrated implants or by engaging tissue
undercuts in an edentulous patient. Placement of
osseointegrated implants in bone that has been irra-
diated is associated with a higher incidence of
failure and remains controversial. Hyperbaric
oxygen therapy before and after implant placement
is believed to reduce the risk of implant loss in 
irradiated bone.

A definitive obturator can be used to restore a
large defect of the maxilla that encompasses both
hard and soft palatal tissue and can assist in
velopharyngeal closure. Neurologic deficits caused
by trauma, tumors, or cerebrovascular insults that
result in impaired or deficient velopharyngeal func-
tion may also be improved by a soft palate obtura-
tor. Such prostheses are commonly referred to as
speech bulb prostheses. These obturators provide the
function of the soft palate and other structures of
the velopharyngeal mechanism and are fabricated
with the assistance of nasoendoscopy and a speech
pathologist to assess the quality of its function.

CLEFT PALATE PROSTHESIS. A patient with a cleft
palate may benefit from a variety of intraoral pros-
theses, depending on the age of the patient. Before
surgical repair, the alveolar segments adjacent to a
unilateral cleft may be moved closer together and
the nasal cartilage repositioned with a nasoalveolar
molding appliance. An infant with a bilateral cleft
lip and palate may also have the alveolar segments
and premaxilla repositioned and the columella
lengthened nonsurgically with a bilateral nasoalve-
olar molding appliance.

As a child with a cleft palate grows, a pediatric
speech bulb appliance may be used in some situa-
tions to improve velopharyngeal closure. Speech
bulb obturators are indicated when pharyngeal 
flaps or pharyngoplasty procedures have been
unsuccessful.

Removable partial-denture prostheses or overden-
ture prostheses are effective in replacing missing 

or malpositioned teeth in both adolescent and adult
cleft palate patients. These prostheses may include
an obturator portion if required. In situations in
which only a maxillary lateral incisor is congenitally
absent as a result of the cleft, an endosseous dental
implant may be placed into the cleft site if adequate
bone is present, either after early gingivoperiosteo-
plasty or after alveolar bone grafting. The single
dental implant is a conservative method of replac-
ing the missing incisor and preserves the teeth prox-
imal to the cleft that might otherwise have been
prepared for a fixed dental prosthesis. Adult cleft
patients with a need for extensive prosthetic dental
rehabilitation may be reconstructed with fixed
dental prostheses (“fixed bridge”), removable pros-
theses, implant-supported prostheses, or a combi-
nation of these.

MANDIBULAR RESECTION PROSTHESIS. A pa-
tient who has undergone mandibular resection is
best reconstructed with vascularized autogenous
free flaps. The usual donor site is the fibula; the iliac
crest is also a potential donor site. Prosthetic dental
reconstruction may be possible for many autoge-
nously reconstructed mandibular resection patients
when combined with placement of titanium
endosseous dental implants. The dental implants
may then be used to retain either a fixed or a remov-
able dental prosthesis to restore facial form and
provide masticatory function.

Patients who elect to forego autogenous recon-
struction or whose reconstruction has failed may
have a mandibular resection prosthesis fabricated 
to replace missing teeth. In an edentulous post-
resection patient without adequate teeth to provide
sufficient retention for a prosthesis, a mandibular
resection prosthesis often provides improvement in
cosmesis only and is minimally functional. Dentate
patients undergoing mandibular resection who are
not immediately reconstructed autogenously are
candidates for a mandibular guidance appliance.
The unreconstructed/resected mandible is pulled to
the resected side because of a lack of post-resection
muscle balance. A mandibular guidance appliance
assists in maintaining the pre-resection dental
occlusion on the nonresected side by guiding the
teeth on the nonresected side into a normal occlusal
relationship.

Postoperative Care

Autogenous reconstruction provides living tissue
that is capable of renewing and regenerating itself,
whereas a prosthesis is a nonrenewable device that
requires maintenance and, eventually, replacement.
The life span of a prosthesis varies. Extraoral 
silicone prostheses usually last for 2 to 3 years
before they must be replaced. Implant-retained
prostheses last longer than adhesive-retained pros-
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preoperative consultation with a maxillofacial
prosthodontist.

• The maxillofacial prosthodontist serves as an
integral member of the craniofacial, cleft
palate, or head and neck cancer reconstructive
team.

• Autogenous tissue reconstruction of maxillary
defects, if not properly planned, may prevent
prosthetic dental rehabilitation. Poorly posi-
tioned soft tissues may not provide a solid 
foundation for a prosthesis, and an improperly
positioned osteomyocutaneous free flap may
prevent the placement of a removable or even
an implant-retained prosthesis.

• Soft tissue reconstruction after orbital exenter-
ation may preclude placement of an orbital
prosthesis.
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theses because chemical components in the adhesive
lead to decreased flexibility in the silicone polymer
and make the edges brittle and prone to tearing.
Over time, the color of the prosthesis also fades.

The skin surrounding endosseous craniofacial
implants requires diligent daily hygiene to maintain
optimal tissue health. The adhesive residue must be
removed daily before fresh adhesive is applied to 
an adhesive-retained prosthesis. Both implant and
adhesive-retained prosthesis must be removed for
some period each day to maintain tissue health.

Immediate obturator patients require regular
postsurgical care during the initial weeks of healing.
Approximately 7 to 10 days after surgery and place-
ment of the prosthesis, the patient is seen to remove
the surgical packing placed between the skin graft
and the superior surface of the prosthesis. The pros-
thesis is then modified on an almost weekly basis.
Soft denture lining material is added to the tissue-
contacting surface of the prosthesis to maintain 
stability and improve retention.

Pearls and Pitfalls

• The plastic surgeon and prosthodontist must
understand the capabilities and techniques
that each has to offer.

• In any treatment plan requiring fabrication 
of a prosthesis, the result is improved by 





Treatment of head and neck trauma can often
present challenging scenarios both in preservation
of life and in restoration of form and function.
Although the plastic surgeon usually serves on the
consultation service after assessment and stabiliza-
tion have been provided by emergency center staff,
the potential for rapid changes in the disposition of
the patient or for missed diagnosis exists. In addi-
tion, many patients with injuries to the head and
neck region have other significant injuries. Such
injuries require that the plastic surgeon have a
strong understanding of the acute management of
head and neck trauma.

Primary Survey

The approach to treatment of trauma in the United
States is outlined in the course and materials of
Advanced Trauma Life Support for Doctors (ATLS).
The strategy is to attend to the most life-threaten-
ing aspects of an injury via a primary survey before
complete assessment of the patient’s injuries. On
completion of the primary survey, the secondary
survey is begun and involves a comprehensive
assessment (from “head to toe”) of the patient.

The primary survey follows the acronym
“ABCDE,” which outlines the following sequence of
care:

A Airway maintenance with cervical spine 
(C-spine) protection

B Breathing and ventilation
C Circulation with hemorrhage control
D Disability: neurologic status
E Exposure/Environmental control: the patient

is completely undressed while preventing
hypothermia
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Although listed as a sequence in the order of 
priority, several assessments can be performed
simultaneously. In addition, a change in the patient’s
status or completion of an intervention on the
patient requires reassessment of the patient, again
starting with “airway.” Moreover, completion of the
survey does not exclude the importance of future
reassessment of the patient, again starting with
“airway.”

Airway with Cervical Spine Protection

As the patient arrives in the emergency center, a
rapid assessment of airway patency is made. A quick
indication of the patient’s status can be made by
vocalization; if the patient is able to speak, the
airway is patent. Furthermore, if the patient is able
to answer and respond appropriately to questions,
the primary neurologic assessment is considered
negative for central nervous system injury. If airway
patency is questionable, a visual inspection of the
pharynx and larynx is made to detect any obstruct-
ing foreign bodies that could easily be removed with
a finger sweep. Care is taken to protect the C-spine
by not changing the head position in relation to 
the body.

In the context of head and neck trauma, there are
several indications for intubation. First, ATLS train-
ing recommends intubation of a patient with a
Glasgow Coma Scale (GCS) score of 8 or less. Other
indications would include an inability of the patient
to protect the airway because of severe mandibular
fractures that allow the tongue to fall back into the
pharynx, severe maxillary fractures compromising
the airway, and severe nasopharyngeal bleeding
raising the risk of aspiration. An indication that the
patient is having difficulty keeping the airway open
in the face of severe maxillofacial fractures is refusal
to lay supine with a preference for a seated position
while leaning forward.
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Subsequent to the decision to intubate the patient
is the decision regarding nasotracheal versus oro-
tracheal intubation. If either route is taken, it is
important to keep the C-spine immobilized; the
favored technique is a two-person in-line intubation
in which one individual manually stabilizes the
patient’s neck while the other intubates. Nasotra-
cheal intubation has previously been recommended
for trauma and is often indicated for trauma to the
oropharyngeal area or mandible. However, nasotra-
cheal intubation is contraindicated in the presence
of apnea or suspected injury to the cribriform plate.
Cribriform plate fractures may manifest as oral,
nasal, or auricular drainage of cerebrospinal fluid.
Nasotracheal intubation is also relatively con-
traindicated in the presence of a suspected intracra-
nial injury because of a documented increase in
intracranial pressure during nasotracheal intuba-
tion. In the context of a suspected laryngeal injury,
neither orotracheal nor nasotracheal intubation
should be performed, and a surgical airway is indi-
cated. Laryngeal injury is suspected if the patient
demonstrates hoarseness, subcutaneous emphy-
sema in the neck, or palpable fractures of the
thyroid or cricothyroid cartilage. In the emergency
center, the safest procedure is a cricothyroidotomy,
with tracheostomy performed later in the operating
room after the patient has been further stabilized.

In conjunction with the airway, the C-spine is
assessed and protected in the primary survey. Rela-
tive injury patterns in the different regions include
the cervical spine in 55%, the thoracic spine in 30%,
and the lumbar spine in 15%. Complete spinal cord
injuries (total loss of motor and sensory function
distal to the lesion) occur in 43% to 46% of spinal
cord injuries. Variables that correlate with C-spine
injury include a fall of more than 10 feet, subjective
numbness, sensory loss, motor loss, neck spasm,
neck tenderness, objective sensory loss, and weak-
ness or loss of anal sphincter tone.

A victim of trauma arriving in the emergency
center via ambulance should have the C-spine im-
mobilized via a backboard and a soft/Philadelphia-
style collar with the head further fixed to the
backboard. The neck should remain immobilized
with a backboard and collar in place until C-spine
injury has been excluded. The cervical collar alone
limits cervical motion only by approximately 50%,
which is not sufficient to protect an injured C-spine.
It is important to remember that a pressure sore can
begin to form after only 2 hours on a backboard. 

It is the role of the physician to determine the
need for additional studies to evaluate for the pres-
ence of C-spine injury. The evaluation may include
only a physical examination or radiographs ranging
from the standard three-view radiographic series
(lateral, anteroposterior, and odontoid), to flexion/
extension films, to C-spine computed tomography
(CT). In the presence of an injury, a lateral C-spine
radiograph is approximately 85% sensitive, and the
combination of lateral, anteroposterior, and odon-

toid films is approximately 92% sensitive; additional
views provide no further sensitivity. Any abnormal-
ity detected by plain radiograph should be further
evaluated with C-spine CT.

Debate exists regarding the extent of
studies/examinations required to exclude C-spine
injury. ATLS training teaches that any patient sus-
taining maxillofacial or head trauma should be pre-
sumed to have an unstable C-spine injury and that
the neck should remain immobilized until adequate
physical examination and radiographic studies rule
out such injury. The NEXUS low-risk criteria for 
C-spine injury, which help exclude the need for radi-
ographic studies, include the absence of midline ten-
derness, a normal level of alertness, no evidence of
intoxication, no abnormal neurologic finding, and no
painful distracting injuries. In an examination of
their own clinical data, Stiell and colleagues (2001)
calculated a sensitivity of 99.6% and a specificity of
12.4% for the NEXUS exclusion criteria. Further-
more, from their data they derived the Canadian C-
Spine Rule Exclusion Criteria with 100% sensitivity
and 42.5% specificity: absence of any high-risk factor
(age older than 65 years, dangerous mechanism of
injury, or paresthesias in the extremity), the pres-
ence of any low-risk factor allowing for safe assess-
ment of range of motion (simple rear-end motor
vehicle collision, sitting position in the emergency
center, ambulatory at any time since the injury,
delayed onset of neck pain, or absence of midline C-
spine tenderness), and the ability of the patient to
actively rotate the neck 45 degrees to the left and
right.

Attempts to correlate specific injuries with C-
spine injury have yielded minimal consensus other
than that the forces required to fracture the C-spine
generally had to be applied toward the upper part
of the face and scalp. A retrospective analysis of iso-
lated penetrating gunshot wounds to the head sug-
gested that C-spine immobilization and diagnostic
radiography were not necessary and could even
delay or complicate emergency airway management.

After a C-spine injury is diagnosed, it is impor-
tant to document the deficit with regard to the
anatomic level, clinical severity, and “sacral sparing”
(presence/absence of anal tone). Acute management
includes the administration of intravenous steroids
(a bolus of prednisone 30 mg/kg over a 15-minute
period and 5.4 mg/kg/hr for the next 23 hours),
administration of an H2 blocker/sucralfate/proton
pump inhibitor, administration of prophylactic
heparin, placement of a Foley catheter, and place-
ment of pneumatic compression devices.

Breathing

Establishment of a patent airway does not guaran-
tee adequate gas exchange. In addition to examina-
tion of the lips, mucous membranes, and extremities
for evidence of hypoxemia, the adequacy of 
breathing can be assessed by auscultation, a chest
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radiograph, arterial blood gas measurement, or 
continuous monitoring with pulse oximetry. With
pulse oximetry it is important to remember that
spurious values can result from hypothermia or the
presence of carbon monoxide or methemoglobin.

Inadequacies in gas exchange result from several
different mechanisms ranging from physical to
metabolic. In a trauma patient, however, the first
mechanisms to consider are injuries that can impair
gas exchange, including tension pneumothorax, a
flail chest with pulmonary contusion, massive 
hemothorax, or an open pneumothorax.

Circulation

Any finding of hypotension must first be considered
to result from hypovolemia and treated as such until
proved otherwise. Assessment of the circulation of a
trauma patient in the emergency center includes
obtaining venous access with at least two large-bore
peripheral intravenous catheters. Further assess-
ment includes examination of the level of con-
sciousness, pulse, and skin color, all of which can be
indicators of hypotension. It is important to remem-
ber that pulse is not a satisfactory indicator of
volume status in the young, elderly, or patients
taking b-blockade medications. Finally, assessment
of the circulation includes examination for the
sources of hemorrhage and control of bleeding, if 
possible, in the emergency center.

For control of hemorrhage, the first maneuver
should be direct pressure. In the context of head and
neck trauma, hemorrhage from scalp lacerations
can be quickly controlled by stapling the free edges
or approximating the edges with large sutures (with
later revision along with proper wound care). Facial
and neck lacerations are best controlled with direct
pressure until proper studies or wound exploration
and repair (or both) can be performed. Blind clamp-
ing with hemostats can result in damage to critical
neurovascular structures and ducts in these regions.
Profuse bleeding from the nose or mouth may occur,
particularly when the maxillary artery is lacerated.
Along with intubation to secure the airway, the
patient’s posterior oropharnyx and nasopharynx
should be packed. If this measure fails to control 
the bleeding, the patient should be brought to the
interventional radiology suite for embolization.

Disability

Disability is determined by rapid assessment of neu-
rologic function. In the evaluation of head and neck
trauma, an important caveat is that intracranial
injuries often accompany facial fractures; complete
assessment of the patient includes a CT scan of the
head. Assessment of disability first begins with a
brief history as taken from observers or the medical
transport team, with a focus on the initial status of
the patient and whether it is improving or deterio-
rating. When examining the patient, rapid indica-

tors of an intact central nervous system are the
ability of a patient to speak and respond properly to
questions and commands. The international stan-
dard in quantifying this examination is the Glasgow
Coma Scale (GCS) score (Table 1). When recording
the score, it is important to document the deficits in
each category for future referral.

Acute management in the emergency center
includes ventilation, fluid resuscitation, reduction of
intracranial pressure and, as indicated, administra-
tion of anticonvulsant and antibiotic medications. As
mentioned previously, a GCS score of 8 or less is con-
sidered an indication for intubation. Indications for
intubation of a head-injured patient include the 
following: avoidance of hypoventilation, protection
of the C-spine, minimization of gastric distention,
avoidance of maneuvers that might increase
intracranial pressure, and the concomitant use of
muscle relaxants. In penetrating trauma to the
head, the patient should be hyperventilated with
supplemental oxygen to a target PCO2 of 30 mm Hg.
Fluid resuscitation of a head-injured patient
involves the use of isosmotic fluids, including 
lactated Ringer’s solution or normal saline, until a
target mean arterial pressure of 90 mm Hg is
attained. In addition to proper ventilation, intra-
cranial pressure can be reduced through an 
intravenous bolus infusion of mannitol (1 g/kg).
Administration of anticonvulsants is recommended
when an intracranial lesion has been demonstrated
by CT scan or is suspected by clinical evaluation.
Prophylactic antibiotic administration is recom-
mended if the dura has been violated. Finally, in the
acute management of head trauma, steroids have
not been shown to improve outcome.

TABLE 1 Glasgow Coma Scale

ASSESSMENT AREA SCORE

Eye Opening (E)
Spontaneous 4
To speech 3
To pain 2
None 1

Best Motor Response (M)
Obeys commands 6
Localizes pain 5
Withdraws from pain 4
Decorticate flexion 3
Decerebrate extension 2
None 1

Best Verbal (V)
Oriented 5
Confused 4
Inappropriate 3
Incomprehensible 2
None 1
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After stabilization has been initiated, intracra-
nial head trauma necessitates the assistance of 
a neurosurgeon for further management. Of par-
ticular importance to any physician caring for a
potential head trauma patient are the signs of im-
pending uncal herniation as manifest by Cushing’s
triad: systemic hypertension, bradycardia, and
hypoventilation.

Exposure/Environmental Control

The last step in the primary survey is removal of all
the clothing of the patient to detect injuries that
could be hidden by garments. Removal of wet cloth-
ing also prevents the development of hypothermia.
The patient, once exposed, needs to be kept warm
by means of a warm examination room and the use
of blankets and additional warming devices, includ-
ing warming blankets and bags of warmed intra-
venous fluids. Total exposure prepares the patient
for a complete secondary survey.

Secondary Survey

The secondary survey is a careful reevaluation of the
patient, including a “head to toe” physical examina-
tion. The first step is a complete history. In addition
to the routine questions regarding past medical
history, allergies, medications, ingestion of alcohol
or other mind-altering substances, and time of the
last meal, questions aimed at the particulars of 
the trauma are important.

The “physics” involved in the trauma predict the
path or extent of damage, or both, and give the
physician a tailored approach to the trauma patient.
For example, blunt trauma has a wider extent of
injury than penetrating trauma. With blunt trauma,
specifically motor vehicle collisions, the direction of
impact and the speed of impact are important
factors in the injuries suffered. With penetrating
trauma, specifically gunshot wounds, the extent of
energy is dependent not only on the muzzle velocity
of the gun but also on the size, profile, tumble, and
fragmentation of the missile. A history of the injury
can be obtained from relatives, witnesses, the emer-
gency transport team, and any law enforcement per-
sonnel who come to the emergency center with the
patient.

The history is followed by a complete physical
examination and the use of radiographs and other
studies designed to evaluate specific injuries as out-
lined in the following sections. With head and neck
trauma, the physical examination should follow an
orderly fashion proceeding methodically through the
several different “systems” present in the head and
neck region. First, the patient, if conscious, should
be questioned regarding any abnormalities in dental
occlusion, diplopia, or paresthesias. Second, a visual
assessment is made by noting any asymmetry in

facial expression or extraocular movement, changes
in visual acuity, sources of bleeding, or drainage of
fluid from the ears, eyes, nose, or mouth. Cere-
brospinal fluid leaks from the ears or nose are often
copious and initially bloody but become clearer over
time. The entire head and neck region should be 
palpated for areas of tenderness, crepitation, bony
abnormalities, and lacerations specifically within
hirsute regions. In addition, the mandibular or max-
illary dental surfaces can be palpated, again noting
step offs, malalignment, and loose, broken, or
avulsed teeth. Paresthesias can be elucidated by
palpation or “pinprick” examination of the skin
areas innervated by the supraorbital, infraorbital,
and mental divisions of the trigeminal nerve.

The physical examination and treatment of the
head and neck in a trauma patient can be further
subdivided into several different systems, each
requiring specific approaches to rule out and treat
injuries: the eye, face, and neck.

Eye

Treatment of any trauma affecting the upper part of
the face requires an evaluation of the eye and orbit.
First, the lid should be examined for lacerations 
or ptosis. With full-thickness lid lacerations, the
integrity of the underlying globe requires assess-
ment. It is important to remember that because of
Bell’s phenomenon (superolateral rotation of the
globe with eye closure), even lacerations of the upper
lid may be accompanied by injuries to the inferior
aspect of the globe. Lacerations of the medial
quarter of the upper or lower lid also increase the
possibility of damage to the lacrimal drainage
system and as such must be carefully evaluated and
documented.

After examination for the presence of lacerations,
visual acuity should be assessed; however, it is often
difficult to evaluate acuity accurately in the emer-
gency setting. A key in determining a subtle problem
with the optic nerve is an observed change in the
patient’s color perception, particularly with the color
red. A difference between the two eyes in terms of
color desaturation indicates potential compromise of
the optic nerve. A rapid method to assess such injury
is to place a penlight against the pulp of the finger
to make the nail bed red. The next component of the
examination should be evaluation of extraocular
movements. Diplopia in either the primary field of
gaze or the extremes of gaze is abnormal and may
be caused by damage or entrapment of the extra-
ocular muscles or damage to cranial nerves III, IV,
or VI.

Pupillary size and response to light should be
evaluated. Differences in the resting size of the
pupils are abnormal and should be documented. A
difference in pupillary reflexes is of particular
concern. A normal pupil should respond to both
direct and consensual light stimulation. A pupil that
fails to constrict with either direct or consensual
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light indicates motor dysfunction, as with injury to
cranial nerve III or after the application of topical
dilators. A pupil that fails to constrict with direct
stimulation but exhibits normal consensual con-
striction indicates difficulty in the perception of 
light in the affected eye, as with optic nerve damage.
This abnormality is termed an afferent pupillary
defect.

The anterior chamber of the eye should be exam-
ined for clarity and with lateral illumination for
hyphema. Corneal abrasions frequently manifest as
photophobia and pain and may be diagnosed by
using fluorescein and a Wood lamp. Treatment
involves irrigation and the application of topical
ophthalmic antibiotic ointment.

The lens should be transparent. A vitreous hem-
orrhage gives a black reflex, as opposed to the red
reflex usually visualized with ophthalmoscopy. 
The retina is examined for hemorrhage, tears, or
displacement.

When the orbit has been subjected to substantial
force, a CT scan is indicated to evaluate for the pres-
ence of fractures. The CT scan should be performed
at 1.5-mm intervals through the entire orbit and
optic canal and should be done in both the axial and
coronal planes. Indications for repair of an isolated
orbital fracture include persistent diplopia in
primary gaze, enophthalmos exceeding 2 mm, and
symptomatic entrapment of the extraocular
muscles. Most orbital floor fractures can be observed
for 7 to 10 days before repair to allow any soft tissue
swelling to resolve.

Facial Bones

The patient’s face should be palpated for areas of
tenderness or irregularity in bony contour. Of par-
ticular importance is the presence of malocclusion.
Patients can detect even subtle changes in the
normal bite relationship that are not apparent to the
examining physician; such changes are indications
of an underlying fracture of the mandible or possi-
bly the maxilla.

Any significant findings on physical examination
require CT scanning. Although some clinicians
“screen” patients for fractures with a plain radi-
ographic series, most prefer to proceed immediately
to a CT scan because essentially all definitive care
is based on CT. The one exception is a mandibular
fracture, in which the best combination of radi-
ographs is a Panorex and an anteroposterior view of
the mandible.

Both axial and coronal CT images should be
obtained. However, coronal images require hyper-
extension of the neck, which is contraindicated when
the C-spine is not yet cleared of injury. In these 
situations, coronal reformations may be constructed
from the axial image data, but the resolution of
reformatted data is of poorer quality.

Although many patients with thoroughly evalu-
ated, isolated facial fractures may be safely dis-

charged from the hospital with follow-up scheduled
within the next 24 to 48 hours, most mandible frac-
tures require admittance for pain control and antibi-
otic administration. Surgery should be undertaken
fairly rapidly in these patients because of difficulties
experienced with eating and the propensity for these
fractures to become infected.

Nerves 

In the examination of a patient with acute head 
and neck trauma, facial nerve function must be
assessed. Especially in patients with facial lacera-
tions, care should be exercised in evaluating the
entire spectrum of facial movements: forehead ele-
vation, forced eye closure, upper lip elevation, and
lower lip depression. The most frequent mistake
made when performing such evaluation is to assess
lower lip depression by having the patient smile, a
maneuver that does not produce lower lip depres-
sion. Rather, patients should be asked to show the
examiner their teeth, a more sensitive method of
detecting the absence of lip depression. Any abnor-
mality in function in conjunction with overlying
facial lacerations should be presumed to be sec-
ondary to nerve transection and it requires explo-
ration in the operating room. Some clinicians
advocate that lacerations medial to the lateral
canthus need not be explored because there is exten-
sive arborization of the buccal branches at this level
that allow for subsequent reinnervation. In general,
repair should be attempted as soon as possible and
certainly within the first 72 hours after injury.
Beyond this time, the distal nerve stumps cannot be
stimulated with a hand-held nerve stimulator to
demonstrate muscular movement.

Ear

Lacerations of the ear are common in facial trauma.
There are several unique concerns in this region.
First and foremost is the formation of a hematoma.
Because cartilage has poor vascularity, auricular
hematomas may cause pressure necrosis and sub-
sequent resorption of ear cartilage—the classic 
“cauliflower ear.” The presence of any hematoma
mandates immediate evacuation and placement of a
bolster dressing to prevent reaccumulation.

Infection of the ear cartilage is particularly trou-
blesome, again because of the poor vascular supply.
Severe pain is the hallmark of auricular chondritis.
If the ear cartilage becomes infected, the patient
should be admitted to the hospital for intravenous
antibiotics, and conservative débridement of the site
of infection may be indicated.

When repairing ear lacerations involving the 
cartilage, it is generally unnecessary to place a 
separate suture layer in the cartilage for support.
Because of the close adherence of skin to the lateral
aspect of the ear, skin approximation alone is 
sufficient.
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Nose

Nasal fractures are among the most common
injuries of the face. The diagnosis can be based on
physical examination alone; radiographs typically
offer little additional information. Appropriate phys-
ical examination includes intranasal inspection with
the use of a speculum to visualize the septum. Par-
ticular attention should be paid to the presence of a
septal hematoma, which mandates immediate
drainage. Allowing the hematoma to consolidate
may lead to loss of cartilage within the septum 
and a subsequent saddle nose deformity.

Nasal fractures should be reduced. Reduction
may be done at the time of injury before swelling
has become severe. If the patient is seen at a later
point, attempts at closed reduction can be delayed
for several weeks to allow for the swelling to
subside. It is important to counsel patients that 
even after successful closed reduction, subsequent
reconstructive rhinoplasty may be necessary.

Neck 

The most important caveat in the management of
penetrating neck wounds is to refrain from probing
or locally exploring any wound in the emergency
center because of the risk of dislodging a blood clot
that may be sealing a serious vascular injury. Any
injury deep to the platysma should be considered in
this category. For the purpose of evaluation, the
neck has been divided into three zones: zone I, above
the clavicles and below the cricoid cartilage; zone II,
between the cricoid cartilage and the angle of the
mandible; and zone III, above the angle of the
mandible to the base of the skull. Although man-
agement of these injuries is the subject of a great
deal of controversy, there is a tendency for selective
exploration of most penetrating injuries to the neck.

The decision to operate is based on a graduated
diagnostic protocol, with surgery performed if any
step is positive. The initial step is the physical exam-
ination. Findings mandating operative exploration
include a hematoma or significant bleeding, neuro-
logic changes, airway difficulties, crepitus, or
hematemesis. Angiography may be performed to
rule out an injury to the major blood vessels of the
neck. Care should be taken when interpreting these
results in zone I because the abundance of great
vessels in this region may obscure subtle injuries. In
addition to angiography, evaluation of penetrating
neck wounds, especially zone II injuries, includes 
a barium swallow to detect clinically occult
esophageal injuries. Any finding on the barium

study is confirmed by rigid esophagoscopy. If all
studies are negative, the patient is admitted for
close observation.

Pearls and Pitfalls

• Although the plastic surgeon typically serves in
the context of a consulting service, the poten-
tial for rapid changes in the patient’s condition
makes it imperative that the surgeon fully
understand acute management of the injuries.

• Control of the airway is critical.
• Cervical spine injury must be suspected and

ruled out.
• Care must be taken not only to rule out and

address life-threatening injuries but also to
reestablish function and achieve an aestheti-
cally acceptable repair. 
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As a surgeon evaluates the patient with facial injuries,
it is critical to identify and differentiate the various
injuries, formulate a treatment plan for correction of
the individual problems, and complete that plan.

Etiopathogenesis

Soft tissue injuries of the face most often result from
motor vehicle accidents, falls, sporting accidents, or
assaults. If a soft tissue laceration exists, approxi-
mately 25% of patients in a motor vehicle accident
have an underlying facial bone fracture. Soft tissue
injuries can be divided into contusions, abrasions, and
lacerations. Lacerations that transect arteries can
produce uncontrolled hemorrhage, especially par-
tially transected arteries. Deep lacerations may
extend to the salivary glands and ducts, the facial
mimetic muscles, and cranial nerves V and VII. There
is generally a male preponderance. Approximately
half the patients in motor vehicle accidents have used
drugs or alcohol before the motor vehicle accident.

Facial soft tissue injuries occur in a “T-shaped”
pattern over the forehead, brows, lips, and chin
(Figs. 1 and 2). They occur most commonly along
relaxed skin tension lines, at muscular or vascular
interfaces that cleave soft tissue, and over bony
prominences. Lacerations are more common over
the more rigid facial bones and less common around
regions of low fracture tolerance, such as the nose
and zygomaticotemporal area. The combined use of
air bags and seat belts confers the highest level of
protection against facial lacerations, cervical spine
injuries, and facial fractures.

Pathologic Anatomy

The soft tissue layers of the face include the skin,
subcutaneous tissue, the superficial musculo-
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aponeurotic system (SMAS) with its contained
mimetic muscle, additional fine areolar tissue, and
mucosa. The sensory nerves originate from the
trigeminal nerve (cranial nerve V) or the cervical
nerves. The facial nerve (cranial nerve VII) exits 
the skull at the stylomastoid foramen, enters the
parotid gland, travels in the lateral aspect of the
face and runs centrally beneath the facial muscles
to innervate the mimetic system from below the
muscles. Exceptions to inferior innervation of the
facial muscles are the buccinator, levator labii 
superioris, orbicularis oris, and depressor angularis
oris, which are innervated by cranial nerve VII from
above (Fig. 3).

The soft tissue contains the parotid gland, which
is positioned superoinferiorly from the zygomatic
arch to the inferior border of the mandible and pos-
teroanteriorly from the ear to the midportion of the
cheek. Stenson’s duct empties into the mouth oppo-
site the second maxillary bicuspid and is located
along a transverse line from the ear canal to the
base of the nose. It is in close proximity to the buccal
branch of the facial nerve (cranial nerve VII) so that
injury to one structure is usually accompanied by
injury to the other (Fig. 4).

The mechanism of the injury dictates the amount
of crushed or devitalized tissue (or both) present in
an injury. Tissues may be contused, crushed, torn,
avulsed, or lacerated. Combination injuries are the
most common, and hematoma is invariable. Crushed
tissue should be excised if marginally viable;
however, conservative excision of tissue is recom-
mended in critical areas such as the eyelids, eye-
brows, nostril rim, and vermilion border.

The blood supply to the face is profuse and pre-
dominantly comes from branches of the external
carotid: the facial, internal maxillary, and superfi-
cial temporal arteries. Arterial and venous connec-
tions occur between the internal and external
carotid arteries and the arteries in the face; around
the skull base the tributaries of the internal jugular
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and intracranial circulation have valveless commu-
nication.

The lymphatics of the face drain posteriorly 
and laterally. Partially avulsed tissue is frequently
associated with lymphedema, which is exacerbated
long-term by soft tissue scarring and fat necrosis. 
A “trapdoor” deformity may be produced by fat
necrosis and lymphedema. Generous excision of 
the potentially ischemic fat tissue is desirable;
however, in critical anatomic areas, excision may
produce tissue discrepancies that are difficult to
resolve.

Diagnostic Studies

Precise inspection performed under local or general
anesthesia is the most helpful diagnostic tool. Such
inspection allows determination of the depth and
direction of the wound and permits assessment of
the soft tissue structures injured. The age of the
wound determines the necessity for débridement by
sharp excision of the wound edge and for reinspec-
tion of the wound at 48-hour intervals, including
inspection of marginally viable tissue.

Radiologic studies can assist in detection of
deeper injuries, but they are far less important 
than careful inspection. Plain radiographs are
seldom of value in soft tissue injuries unless a
foreign body is identified. Most glass, for instance,
is not leaded and therefore not apparent on 
radiographic study.

Figure 1 • Designated areas of the face. A, Forehead; B, left
periorbital region; C, right periorbital region; D, nose; E, left
cheek; F, right cheek; G, chin; H, left temporal region; I, right
temporal region. (© Johns Hopkins University. Lee RH, Gamble
WB, Mayer M, Manson PN: Pattern of facial lacerations from
blunt trauma. Plast Reconstr Surg 99:1544-1554, 1997.)

Figure 2 • Composite tracings of lacerations on a face template showing the cleavage lines of Nakano (1983). (© Johns Hopkins
University. Lee RH, Gamble WB, Mayer M, Manson PN: Pattern of facial lacerations from blunt trauma. Plast Reconstr Surg 99:1544-
1554, 1997.)
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Figure 3 • Facial nerve branches and their ramifications:
from above, temporal, orbital, buccal, marginal mandibular, 
and cervical nerves. (© Johns Hopkins University.)

Figure 4 • The buccal branch of cranial nerve VII and
Stenson’s (parotid) duct travel adjacent to each other on a line
from the ear canal to the base of the nose. The inset shows
repair of the duct over a stent. (© Johns Hopkins University.)

Photographs

A complete photographic record of the wound should
be obtained, as well as a written description for
medicolegal documentation. Photographs supple-
ment and enhance the value of written medical
reports. They also help the patient appreciate the
severity of the injury and the effectiveness of 
treatment.

Reconstructive Goals

The reconstructive goals of soft tissue repair include
(1) removal of contaminated material and devital-
ized tissue; (2) sculpting of the wound edge to
produce a flat even repair; and (3) performance of 
a layered repair, which splints the wound in an
anatomic position and minimizes dead space as well
as hematoma and scar tissue formation. 

The final scar outcome can be minimized by
avoidance of tension, placement of deep sutures,
avoidance of forceps or manipulative damage to the

skin, and supportive taping after suture removal. In
all soft tissue wounds an order of repair is identi-
fied, first proceeding with repair of underlying frac-
tures or the application of arch bars. Soft tissue
wounds may be used in appropriate circumstances
as an access for fracture repair. The soft tissue
wound should not be extended to accomplish a
repair, however, because such extension increases
the extent of facial scar formation. The glandular
repair is performed first followed by muscle or nerve
repair (or both). Repair of fat and subcutaneous
tissue is performed before repair of the dermis, with
skin closure as the final step.

Inspecting Soft Tissue Wounds

All soft tissue wounds should be inspected to deter-
mine the exact extent of damage and presence of
foreign material. The ends of transected structures
(such as ducts or muscles) should be identified.
Removal of devitalized soft tissue and foreign bodies
is necessary to prevent infection, delayed healing,
and abnormal scar formation. Foreign material
reduces the bacterial inoculum necessary to cause
infection from 105 organisms per gram of tissue to 102

organisms per gram. Bleeding should be controlled
with precise ligation of arteries or veins. Cautery of
lesser bleeding structures must not damage sur-
rounding fat or muscle. Any hematoma represents a
nonvascularized region and is therefore not exposed
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to white blood cells or antibiotics. In areas in which
soft tissue has been avulsed, layers of soft tissue are
separated or contamination has been significant, or
there has been laceration of glands, prevention of
fluid accumulation within the wound is accomplished
with suction drainage. Progressive necrotizing in-
fections occur in contaminated wounds in which 
soft tissue viability is compromised and cleansing is
inadequate.

Cleaning Soft Tissue Wounds

Contamination is directly proportional to the length
of time that has elapsed from the moment of the
injury. Organisms inoculated into a wound become
encased in a protein-fibrin coagulum after several
hours and are thereby protected from antibiotics and
dislodgment by normal irrigation fluids. The wounds
must therefore be surgically débrided, pressure irri-
gated, or scrubbed. One should be alert for the pres-
ence of material driven beyond the surfaces of the
wound because it may be difficult to identify. Many
materials are not radiopaque, which makes detec-
tion of embedded material in soft tissue challenging,
especially if the foreign material is driven beyond the
wound surface and into surrounding soft tissue.

The skin and tissue edges may be cleansed with
antiseptics, detergent soaps, or physiologic solutions
such as saline. Occasionally, a solvent is necessary
to remove material that is not soluble in saline. The
surface of the skin, if contaminated by a “traumatic
tattoo,” should be cleansed of all foreign material 
by scrubbing and prying out embedded particles.
Primary surface dermabrasion may also be con-
sidered; however, it can increase the depth of the
cutaneous injury and result in more prominent,
hypertrophic scarring. If the wound edge is ragged
and devitalized, sharp débridement of the edge
should be completed unless that tissue cannot be
sacrificed without creating distortion.

All facial wounds are potentially contaminated,
and deep, narrow wounds (such as puncture
wounds) are more difficult to cleanse. Immunization
with tetanus toxoid should be considered. In conta-
minated wounds, if the patient has not been immu-
nized, simultaneous intramuscular injection of 
250 IU of Hyper-Tet (tetanus immune globulin) and
0.5 mL of tetanus vaccine is recommended. Two
additional boosters at monthly intervals complete
the immunization.

Anesthetic Techniques

Usually, a general anesthetic is preferred for signif-
icant facial injuries. If general anesthesia is to be
induced and the patient needs to undergo inter-
maxillary fixation, nasal, retroocclusal, or tracheal

intubation is preferred. The intermaxillary fixation
should be completed before any soft tissue repair
work is performed. Placement of a tracheostomy
may provide better exposure for the facial injuries
by moving the tracheal access site away from the
face. Local anesthesia by nerve block is always 
possible for a limited soft tissue injury repair.

Abrasions

An abrasion must be cleansed of any foreign mate-
rial. Infection must be prevented to avoid conversion
of a partial-thickness to a full-thickness injury. Any
dirt, grease, carbon particles, or other pigments
must be scrubbed out of the wound and a light lubri-
cating dressing applied and changed frequently. The
wound should not be permitted to dry out because
desiccation may contribute to tissue loss. In partial-
thickness or full-thickness dermal injuries, an allo-
graft may be applied to prevent desiccation of the
wound surface.

Contused and Avulsed Wounds

Contusions usually result in extensive edema,
ecchymosis, and hematoma within the tissue. This
can produce tissue scarring and rigidity and per-
manent tissue thickness, pigmentation, or swelling.
The only treatment that can be rendered is gentle
handling to prevent additional tissue damage. The
tissue of a partially avulsed flap should not be
folded, twisted, or placed under tension by tape or
sutures. Marginally viable tissue often survives
when managed gently.

Hematomas

Hematomas can be either localized or diffuse. Most
hematomas are diffuse and gradually become
resorbed. Moist, warm heat is used after the third
day to promote resorption. On occasion, a facial
hematoma is localized and can be evacuated. The
patient should be taken to the operating room, a
small incision placed in a camouflaged area, and a
suction tip advanced into the hematoma cavity. The
area can be irrigated free of all clot. A suction drain
may be used postoperatively.

Patients with extensive ecchymosis or hematoma
must avoid sun exposure to prevent hyperpigmen-
tation. Hydroquinone ointments may decrease the
tendency for hyperpigmentation. Thick, woody,
chronically edematous soft tissue (the result of fibro-
sis after contusion) partially responds to the appli-
cation of pressure or compression silicone sheets and
to massage with a bland lubricating ointment.
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Lacerated Wounds

The edges of a laceration must be excised. Removal
of the crushed tissue margin during repair of lacer-
ations results in a much better appearance of the
scar and converts an avulsed, contused, and irregu-
larly torn surface to a straight incision (Fig. 5).

The wound should be repaired in layers, com-
mencing with repair of any ducts or nerves and pro-
ceeding to approximation of muscle, fat, dermis, and
epidermis in layers. Absorbable sutures of the finest
grade should be used, and their size should be just
large enough that they have sufficient strength to
hold the repaired structures. The skin sutures
should be fine, and the dermal sutures should
provide support and alignment for the cutaneous
sutures, which are removed on days 3 to 5 (see 
Fig. 5B and C).

Animal and Human Bites

Animal and human bites are common injuries, and
creation of a surgically clean wound is essential.
Irrigation of the wound with copious amounts of
saline and sharp débridement of devitalized tissue
permit excision of the contaminated wound edges.
Human and canine saliva contain necrotizing
enzymes and potent microorganisms that can induce
progressive soft tissue infection and necrosis. 
Prophylactic antibiotics should be administered
because surgical excision of the wound surface is
seldom complete. Pasteurella multocida infection
from cat bites should be treated with penicillin.
Human bites must be treated with gram-positive,
gram-negative, and aerobically/anaerobically effec-
tive antibiotics.

Injury of the Facial Nerve

Branches of the facial nerve that are transected
should be repaired under microscopic magnification.
In theory, the distal branching and communication
achieved by the plexus of facial nerve fibers make
regeneration common in the midportion of the face
despite the absence of direct facial nerve suturing
anterior to a line drawn vertically, parallel to the
lateral canthus of the eyelid. In practice, however,
any nerve deficit should prompt a thorough search
of the wound for nerve ends, and any nerve branches
(electrical stimulation of nerve ends to aid in detec-
tion may be performed in the first 48 hours) should
be approximated with microsurgical techniques.
Precise repair of the facial muscles permits some
element of nerve regeneration by neurotization of
muscle. Muscle repair should be undertaken for this
reason, as well as the fact that activity and balance

are better restored to the face when the muscle ends
are approximated.

Injury of the Trigeminal Nerve

The sensory branches of the trigeminal nerve
arborize extensively, and repair is generally im-
practical unless the transection has occurred adja-
cent to one of the major foramina, such as the
infraorbital or mental foramen. Transection of the
supraorbital nerve is surprisingly frequent with 
lacerations around the eyebrow, and repair should
be considered. Repair of the sensory nerves is
perhaps the best way to avoid painful neuroma 
formation.

Lacerations of the Parotid Gland

When duct injury is suspected, retrograde irrigation
of the distal orifice of the parotid duct or the lacrimal
canaliculus may allow detection of a subtle duct
injury by evidence of escape of clear fluid into the
wound. Such detection can be accomplished by dilat-
ing the duct orifice, inserting a small plastic
catheter, and irrigating with saline.

Lacerations of the parotid gland and duct should
be repaired at the time of initial wound closure. A
temporary parotid fistula to the skin surface is
common, and draining the subcutaneous aspects of
the wound minimizes the fistula. The parotid duct
is located parallel to a line drawn from the tragus of
the ear to the midportion of the upper lip; it tra-
verses the middle third of this line (see Fig. 4). The
proximity of the buccal branch of the facial nerve to
the parotid duct produces simultaneous injuries in
many cases. The orifice of Stensen’s duct can be
dilated with a small lacrimal dilator and irrigated
to detect the presence of fluid within the wound. A
silicone tube should be placed within the duct as a
stent, brought out through Stensen’s orifice, and
securely anchored within the mouth. Repair is
accomplished with fine sutures over the stent. Duct
ligation produces considerable swelling of the gland
and eventual atrophy; however, chronic infection
requiring parotidectomy has been described after
the use of this technique.

Lacerations of the submandibular gland or duct
can be treated by duct ligation or removal of the
gland.

Eyelid Lacerations

Eyelid lacerations should be repaired with fine
absorbable suture material internally, with the con-
junctiva, tarsus, and orbicularis repaired separately.
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Figure 5 • A, Resection of 1 or 2 mm of skin is often all that is required to convert a posttraumatic wound into a surgically excised
wound. B, Proper placement of sutures predictably creates a flat scar. More tissue must be incorporated by the suture on the deeper
aspect of the bite. Layered closure is important. C, Early removal of sutures prevents suture marks from adding to the scarring. A
scar is pictured with and without suture marks. D, Excess tension creates an edematous wound edge that is ischemic and has more
scarring. Irregularly placed sutures (left) produce an uneven closure. Carefully spaced, precise repair with fine sutures creates an even
repair. E, Irregular surfaces create irregular reflection of light, which exaggerates scarring. (© Johns Hopkins University.)
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severed, the ends are identified under microscopic
magnification and reunited over Silastic tubing. The
upper and lower lacrimal system should be 
intubated with soft Silastic tubing and the ends of
the tubing tied in the nose. One cannot depend on
an intact upper canaliculus to provide adequate
drainage for the entire lacrimal system.

Lacerations of the Nose

Lacerations of the distal portion of the nose are
common and may involve the skin, cartilage, and
mucous membrane. To avoid distortion of contour,
all structures should be repaired and débridement
should be minimal. Soft, nonadherent gauze or
Silastic splints may be helpful in positioning or sup-
porting the soft tissue structures. The large glands
in the skin of the distal half of the nose are promi-
nent and can contribute to irregular scar formation.

Lacerations of the Lips

Lacerations of the lips may involve skin, the orbic-
ularis oris, or the facial muscle system and mucosa.
All structures must be precisely aligned and
repaired, especially the pars orbicularis (thick band
of orbicularis muscle) underneath the vermilion of
the lip. The vermilion of the lip has two edges, and
both should be aligned precisely by sutures placed
at the anterior and posterior margins (Fig. 7). The
white roll should be identified and carefully aligned
before injection of vasconstricting solutions. Bril-
liant green skin marking solution on a needle can
be used to “tattoo” the vermilion border before injec-
tion of local anesthesia. Accurate approximation 

Figure 6 • Eyelid repair should be performed in layers with
precise alignment of the cilia, “gray line,” and internal lid
margin. A lower eyelid defect has been repaired by canthotomy
and advancement of tissue lateral to the canthal ligament into
the lower lid. (© Johns Hopkins University.)

The knots should be tied in the wound away from
the globe or conjunctival surface. In the case of
defect, the lid is mobilized by a lateral and superi-
orly directed incision and canthotomy of the inferior
limb of the lateral canthus, permitting medial mobi-
lization of the remaining lower lid (Fig. 6). The skin
sutures consist of three sutures of fine silk. They are
located superiorly at the gray line, internal lid
margin, and cilia and are tied with the posterior
suture limbs captured by the more anterior sutures
to avoid irritation of the corneal surface.

Lacrimal System Laceration

Lacerations near the medial canthus may sever the
lacrimal canaliculi or damage portions of the
lacrimal sac. If a lacrimal canaliculus or sac is

Figure 7 • Lip repair must first align the various bundles of
the orbicularis and then proceed with approximation of the lip
vermilion edges (anterior and posterior) and white roll, each
with individual sutures. (© Johns Hopkins University.)
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of the orbicularis muscle sets up alignment of 
the vermilion. If portions of the lip vermilion are
débrided, a “step” deformity is produced because of
the varying thickness of the vermilion across the
surfaces of the lip. Débridement should be deferred
in the area of Cupid’s bow because it can produce an
uncorrectable deformity.

Injuries of the Eyebrow

Injuries of the eyebrow should be treated without
débridement because the eyebrow is of varying
thickness along its length. Resection creates a “step”
deformity that is solvable only by hair unit trans-
plantation. Secondary (delayed) scar treatment can
be performed in areas of hair loss by implanting hair
unit grafts transferred from the posterior scalp.
Associated supraorbital nerve transection should be 
identified and repaired.

Injuries of the Auricle

The ear is frequently involved by lacerations and
contusions and is prone to hematoma formation.
Lacerations of the auricle are usually associated
with full-thickness “through and through” lacera-
tions of the cartilage. Even subtotal ear avulsions
generally survive when attached by a small pedicle.
The cartilage should be minimally débrided, sutured
in place, and the skin closed with carefully placed
sutures. If lacerated, the ear canal should be
repaired and stented. Avulsed tissue may be
replaced as a graft after freshening the wound edges
by excision of approximately 1 mm of wound margin.
The part should be protected by placing it in sterile
saline-soaked gauze in a container placed in another
container with ice. Replantation of severed parts 
has also been accomplished through the use of
leeches. Definitive reconstruction can be considered
if the initial result is unsatisfactory.

Replantation of Avulsed Facial Parts

Replantation of ears, lips, parts of the nose, scalp,
and face have been described and should be con-
sidered. Successful treatment requires considerable
microsurgical expertise but can make a complex
multistage reconstruction unnecessary, the results
of which would probably be inferior to replanta-

tion. In some cases, it may be difficult to establish
venous anastomoses, and one could consider leech
treatment.

Wounds That Involve 
Missing Tissues

Generally, facial wounds that cannot be closed
because of avulsion or tissue loss should have a skin-
to-mucosa or temporary allograft cover placed under
proper tension. The existing tissue should be
advanced into proper position to prevent contrac-
tion. Full-thickness loss of the lips or nose may be
repaired secondarily by flaps or grafts. In general,
the primary use of composite grafts or flaps may
result in loss of the grafted or transferred tissue
because of the associated vascular injury in the area.

Pearls and Pitfalls

• Accurate primary treatment can prevent the
need for complex secondary reconstruction.

• Meticulous layered repair of the injury with
identification of severed glands, ducts, nerves,
and muscles provides the basis for better
opportunities for secondary reconstruction.

• Scar revision of malaligned structures is 
efficacious; however, scar revision after accu-
rate primary repair often leads to minimal
improvement.

• Dermabrasion may smooth superficial skin
irregularities.
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Seventy percent of frontal sinus injuries result from
motor vehicle accidents, 20% from assaults, and 10%
are caused by falls or industrial and sporting acci-
dents. Frontal sinus fractures are less common than
other facial fractures, representing only 5% to 15%
of all maxillofacial fractures. Two to three times
more force is required to cause a frontal sinus injury.
Reasons for operative intervention include correc-
tion of forehead contour and prevention of infectious
complications. Untreated frontal sinus fractures
may result in meningitis, brain abscess, and even
death. Complications may appear years after injury.
Obstruction of sinus drainage or trapped mucosa in
a fracture line may gradually lead to mucocele for-
mation. Subsequent bacterial colonization (mucopy-
ocele) may be followed by spread of infection to the
brain or orbit. Alternatively, chronic infection may
result from incomplete frontal sinus obstruction. A
potentially lethal course after frontal sinus injury is
avoided by proper management in a timely fashion.

Embryology and Anatomy

Like other sinuses, the frontal sinus begins as an
outgrowth of the nasal chamber. Growth of the
frontal sinus is unique because it occurs mostly after
birth. As an evagination of the middle meatus, it
begins to invade the frontal bone between 1 and 3
years of age but becomes radiographically recogniz-
able only by 7 years of age. Growth of the frontal
sinus may continue into early adulthood (until 20
years of age). The small or nonexistent frontal
sinuses in children make the frontal bone less likely
to be involved in a fracture. Accessory sinuses may
exist if more than one ethmoid sinus invades the
frontal bone.

The anatomic boundaries of the frontal sinus
vary, particularly in the extent of the superior and
lateral walls. The thick anterior table provides
contour for the glabella, brow, and lower part of the
forehead. The thin posterior table separates the
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sinus air space from the frontal lobes of the anterior
cranial fossa. The floor of the frontal sinus overlies
the ethmoid air cells medially and the orbits 
laterally. The nasofrontal duct originates from the
posteromedial sinus floor.

The physiologic function of the paranasal sinuses
is not completely known. However, the frontal
sinuses provide protection to the brain from injury
because the air-filled compressible cavities may
absorb impact. A functioning frontal sinus contains
respiratory epithelium that secretes mucus and
drains into the nasofrontal duct. No functional
deficit has been observed with either surgical oblit-
eration or developmental agenesis of the frontal
sinus.

Diagnosis

The initial evaluation should follow standard
trauma management and the advanced trauma life
support (ATLS) protocol as described in the chapter
“Acute Management of Head and Neck Trauma.” A
history of the events surrounding the accident
should be elicited, as well as any past history of
nasal or sinus disease. Awake patients should be
assessed for visual difficulty, supraorbital anesthe-
sia, pain, and change in sense of smell. In uncon-
scious patients, signs of injury to be noted include
soft tissue forehead injuries (lacerations, contusions,
hematoma, crepitus), palpable bony depression of
the brow, and cerebrospinal fluid (CSF) rhinorrhea.
However, visible brow depression may not be appre-
ciated in the first 48 hours because of overlying soft
tissue swelling.

Diagnostic Studies

Plain radiographs are used more for a screening 
tool and follow-up than for definitive diagnosis.
Caldwell’s view (posteroanterior) may be the
optimal projection. It demonstrates the septa of the
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frontal sinus and margins of the dura. Other helpful
views include the submental vertex and lateral pro-
jections, which allow for visualization of the anterior
and posterior tables. Waters’ view (30 degrees occip-
itomental) allows visualization of the periphery of
the frontal sinus. With computed tomography (CT)
scans, 1-mm sections through the forehead and
orbits should be obtained. Even with the improved
imaging of modern CT scans, however, the status of
the nasofrontal duct is only indirectly determined.
CT evidence suggesting an injury to nasofrontal
duct drainage includes the following: fracture of the
frontal sinus floor, fractures of the nasoethmoid
complex, and inferiorly located, depressed fractures
of the posterior wall. Isolated fractures of the ante-
rior table and transverse linear fractures through
the posterior and anterior walls (above the floor) 
are not associated with fractures of the nasofrontal
duct.

Associated Injuries

Traumatic injury to the frontal sinus may be asso-
ciated with significant intracranial, dural, or orbital
injuries. Therefore, ruling out these injuries in
patients with frontal sinus fractures is critical, par-
ticularly before attempting operative repair. In addi-
tion, appropriate consultation with a neurosurgeon
or ophthalmologist should be considered.

CSF leakage in conjunction with frontal sinus
fracture denotes posterior table displacement and
dural disruption. Colorless fluid escaping through
an open frontal bone fracture or rhinorrhea should
alert the clinician to a CSF fistula. However, there
may not be any outward sign of CSF leakage in the
case of nasofrontal duct obstruction and in the
absence of a forehead laceration. CSF may be dif-
ferentiated from normal secretions by its low protein
level (<0.5 g/L), low potassium level (2.5 to 3.5 nmol/
L), and a glucose concentration greater than 30 mg/
dL. By contrast, normal nasal secretions and serum
have higher protein and potassium levels, and the
nasal secretions have a glucose level less than 
14 mg/dL. CSF rhinorrhea may also be caused by
fractures of the cribriform plate, fovea ethmoidalis,
sphenoid sinus, and temporal bone (via the
eustachian tube). If it is necessary to localize the site
of CSF leakage, fluorescein- or indium-labeled
radioactive tracers may be injected via lumbar punc-
ture. Labeled pledgets in the middle meatus, cribri-
form plate, and posterior inferior meatus help to
identify the region of CSF drainage.

Goals of Reconstruction

The status of the nasofrontal duct and the anterior
and posterior walls directs management (Fig. 1).
The preoperative plan may have to be modified
during surgery, depending on the intraoperative

findings. Unless a neurosurgical or ophthalmologic
emergency exists, patients with an intracranial
injury may be observed for at least 48 hours before 
correction of frontal sinus fractures.

Injury to the nasofrontal recess requires obliter-
ation of the frontal sinus. As mentioned earlier,
radiographic diagnosis may be difficult. Intraopera-
tive assessment of nasofrontal duct status may be
accomplished by testing for drainage into the nose
after the instillation of methylene blue into the
frontal sinus. Repair of the nasofrontal duct with
placement of Silastic tubes yields poor results.

Anterior wall fractures that are nondisplaced 
(or displaced less than 2 mm) on CT scan may be
treated by observation alone, whereas anterior wall
fractures that are more displaced require operative
intervention. With mild comminution of the anterior
wall, open reduction plus plate fixation with preser-
vation of the frontal sinus is possible. More severe
comminution of the anterior wall requires oblitera-
tion of the frontal sinus.

Posterior wall fractures that are minimally dis-
placed (less than a table’s width of displacement)
without demonstrable CSF leakage may be moni-
tored. However, some surgeons propose operative
exploration of all posterior wall fractures. Posterior
wall fractures with minimal displacement but a CSF
leak may be observed for 7 days. If resolution occurs,
patients are managed only by close observation and
antibiotic therapy. If a CSF leak persists, oblitera-
tion or cranialization of the frontal sinus should be
performed. A patient with a posterior wall fracture
displaced greater than a table’s width and a CSF
leak should also undergo obliteration or cranializa-
tion of the frontal sinus. Likewise, if the posterior
wall is displaced and a CSF leak exists without 
evidence of bony comminution, obliteration or 
cranialization should be performed. However, a 
noncomminuted, displaced posterior wall fracture
without evidence of CSF leakage may be observed.
In cases in which observation is allowable, endo-
scopic exploration of the frontal sinus may serve as
an adjunct to minimize the incidence of missed
injuries.

Surgical Treatment

A coronal flap provides the best exposure to the fron-
tonasorbital/ethmoid region (Fig. 2). In patients
with male pattern baldness in whom the scar cannot
be hidden in the hairline, a brow incision usually
heals with an acceptable scar. If present, traumatic
lacerations in the forehead may be sufficiently large
for exposure (“open sky” approach). An osteoplastic
flap may be used for frontal sinus exploration. A
template is made from a plain x-ray film and a sinu-
sotomy is performed through the anterior wall. For
endoscopic exploration, a small incision may be
made in the lower medial aspect of the brow. A bur
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Diagnosis Treatment

FRONTAL BONE FRACTURE

Figure 1 • Treatment algorithm for frontal bone fracture.

is used to enter the anterior floor of the frontal
sinus.

Frontal sinus obliteration involves ablation of the
frontal sinus mucosa, obliteration of the nasofrontal
duct, and filling of the resultant cavity. Meticulous
burring of the irregular bony cavities is necessary to

remove all mucosal elements. Plugging of the
nasofrontal duct, accessory ducts, and the residual
frontal sinus cavity may be performed with cranial
bone grafts. Other options include iliac bone, au-
togenous fat grafts, a pericranial flap, or prosthetic
material, including bone substitutes (e.g., Norion,
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bone source, hydroxyapatite). Cranialization of the
frontal sinus also involves ablation of the mucosa
and plugging of the nasofrontal duct. However, with
cranialization, the comminuted posterior wall is
removed so that the brain may expand into the
frontal sinus defect.

Postoperative Care

Broad-spectrum antibiotics and head elevation for
dependent drainage are advocated. Patients treated
nonoperatively require follow-up evaluations to
make certain that the sinuses remain clear. Cald-
well’s view of the frontal sinus obtained immediately

after injury demonstrates a sinus opacified with
blood. If a repeat Caldwell’s view taken a week after
the injury shows persistent radiographic opacifica-
tion, a problem with drainage is likely and explo-
ration should be performed.

Pearls and Pitfalls

• High-resolution CT scanning directs the need
for surgical intervention.

• Surgeons must have high suspicion for
nasofrontal duct injury.

• In the event of CSF leak, neurosurgical con-
sultation is indicated.

DC

A B

Figure 2 • Patient with an open frontal bone fracture after a motor vehicle accident. A, Bird’s-eye view showing a forehead lacera-
tion and soft tissue contusion. B, Axial computed tomography scan demonstrating a displaced anterior wall fracture. C, Coronal inci-
sion and removal of minimally comminuted fracture fragments expose the frontal sinus. Instillation of methylene blue dye demonstrated
that the nasofrontal duct was functional with drainage into the nose. D, Open reduction plus internal fixation of the frontal bone frac-
ture was performed with titanium plates, and the frontal sinus was preserved. (Courtesy of J. Losee.)



Fractures of the Frontal Bone —— 235

H
ead

 an
d

 N
eck, Trau

m
a

• A mucocele is a serious complication and may
occur years after the injury.
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The midface, by virtue of its exposed position, is fre-
quently injured by a wide variety of accidents. The
component fractures range from the most frequently
fractured projecting portion, the nose, to the zygoma
and internal orbit and finally to the less frequently
injured components, the maxilla and palate. This
chapter reviews midfacial fractures and their 
treatment, with each fracture pattern discussed
individually. It is important to note that many 
of the fractures are found in combination and that
treatment of fracture combinations should be 
anticipated.

Etiopathogenesis

Auto accidents and altercations are responsible for
the majority of midfacial fractures. Although air
bags and seat belts have decreased the incidence of
facial fractures in severe automobile accidents,
many patients who otherwise would have not sur-
vived are now being seen with facial trauma requir-
ing reconstruction. In addition, fractures can result
from a fall associated with syncopal episodes.
Underlying medical conditions should be investi-
gated, including seizure disorders, arrhythmias,
stroke, and drug use.

Patient Evaluation/Diagnostic
Studies

Evaluation of maxillofacial injuries consists of a
physical examination and computed tomography
(CT) scans. Plain radiographs are seldom of value.
The physical examination should begin with a
history and progress to a directed and general facial
examination. Most injuries should be detected by
physical examination, even in a noncooperative
patient. The examination begins by assessing facial

Midfacial Fractures
PAUL N. MANSON

symmetry and noting any skin or soft tissue injuries
such as contusions or lacerations.

Orderly palpation of bony contours begins in the
upper part of the face and progresses to the orbital
rims, the nose, the nasoethmoidal area, and the
zygomas, with note taken of their anteroposterior
and vertical position, crepitus, or movement. Intra-
oral palpation plus visualization for evidence of
hematoma is performed, followed by assessment of
occlusal relationships. Inspection of the internal
aspect of the nose is performed to detect septal
swelling, fracture, or hematoma. Sensory nerve
evaluation may show specific injury to portions of
the terminal branches of the trigeminal nerve
(cranial nerve V) that is often the result of fractures.
Neuromotor evaluation consists of an orderly exam-
ination of the cranial nerves. A search for visual
symptoms should emphasize visual acuity (cranial
nerve II) (at the least, pupillary reactivity and light
perception), extraocular motion (cranial nerves III,
IV, and VI), and sensory evaluation (cranial nerve
V). A search for occult lacerations should include 
the eyelids in addition to the mucosal surfaces, the
ear canal, the intraoral and intranasal areas, the
pharynx, the floor of the mouth, and the hard and
soft palate. Occlusion should be evaluated and
excursion of the lower jaw noted. Bleeding from the
teeth or gums, absent or loose teeth, instability of
the dental arches, and palatal or gingival lacera-
tions should raise suspicion of fractures involving
the jaws.

Eye Examination

Evaluation for double vision in all fields, vision in
the peripheral fields, intraocular pressure, and
fundus examination should be performed in all
patients with blunt injuries around the orbit. Lid
lacerations should suggest possible globe puncture.
Hyphema and corneal abrasion suggest more exten-
sive eye injury. Hyphema, retinal detachment, and
globe rupture dictate deferral of facial bone surgery.
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Radiographic Evaluation

Clinical findings identify areas of suspected injury
and direct appropriate CT scans. Axial and coronal
CT scans of the area with suspected injury and the
surrounding bones should be obtained. Old photo-
graphs can be procured from the patient or family
and are useful in demonstrating preinjury facial
structure and asymmetry. A history of previous
visual acuity problems implies a preinjury ocular
deficit.

Dental and orthodontic records can contribute to
knowledge of the preinjury occlusion.

A Panorex radiograph is useful for diagnosis of
dental injuries; however, a cooperative patient is
required.

Pneumocephalus and Cerebrospinal
Fluid Rhinorrhea

Upper midfacial and nasoethmoidal orbital frac-
tures are sometimes accompanied by pneumo-
cephalus and cerebrospinal fluid (CSF) rhinorrhea.
In the absence of displaced fractures, CSF fistulas
are managed “expectantly” with a short period of
prophylactic antibiotics. Most CSF fistulas in the
absence of displaced fractures close spontaneously.
CSF fistulas with displaced fractures often close
after reduction of the fractures without a separate
dural repair. The use of antibiotics for prolonged
treatment of CSF fistulas merely selects organisms
resistant to the antibiotic and thus should be
avoided.

Treatment

Definitive treatment of facial injuries should be
accomplished as early as possible. The operations
and reduction maneuvers are easier at this stage,
and therefore the amount of soft tissue stripping
and injury is reduced. Patients who have multisys-
tem injuries commonly suffer a sequence of compli-
cations that begins within days after the injury and
includes systemic sepsis, pulmonary problems, and
deterioration in liver and renal function. Early 
management of midfacial injuries allows definitive
reduction to be completed before such issues prevent
return to the operating room. Sequential partial
management with the operation separated into
logical steps (e.g., upper midfacial and then lower
midfacial repair) can be an option to avoid prolonged
surgery in the face of hemodynamic instability.
Some patients benefit from periodic return to the
operating room for irrigation and débridement,
cleansing of the teeth and intraoral and nasal areas,
and confirmation of the accuracy and rigidity of 
fixation and arch bars.

Nasal Fractures

The nose is the most commonly fractured bone in the
adult midfacial skeleton. The bony nasal pyramid
represents the upper portion of the nose. The carti-
laginous part of the nose consists of the septum with
its attached upper lateral cartilage and its separate
lower lateral cartilage. The forces that produce
nasal fractures are directed anteroposteriorly, later-
ally, or in both directions (Fig. 1). Each type of dis-
placement must be analyzed for injury to the nasal
bone, cartilage, and septum. The lateral and antero-
posterior components of displacement of the nasal
fracture may be separately typed by degree and 
can therefore be used to guide graded treatment
approaches.

Patients with posterior displacement usually
have widening of the nasal bridge and flattening of
the nasal dorsum. Lacerations, edema, crepitus,
pain, and ecchymosis are often present in the 
perinasal and orbital areas. Bleeding from the nose
is universal. Both external (skin) and internal
(mucosal) lacerations are frequent and should be
repaired when possible. External lacerations may
provide a site through which inspection or more
extensive open reduction can be performed. Septal
hematomas should be drained to prevent necrosis 
of the cartilage of the septum as a result of pres-
sure as the hematoma resolves. Nasal obstruction
may be the result of swelling or displacement of
structures.

Plane I and Plane II Laterally Displaced
Nasal Fractures

Treatment of nasal fractures is based on the type
and degree of displacement. Three degrees of dis-
placement are categorized for both laterally and 
posteriorly displaced nasal fractures. In laterally
displaced nasal fractures, plane I fractures are uni-
lateral and plane II fractures are bilateral, worse on
one side. Plane I and II injuries are managed by ele-
vation and outfracture of the unilateral nasal bone,
along with completion of any contralateral fracture
to achieve stability. The septum must also be mobi-
lized to enhance centralization of the nasal pyramid.
Without completion of the septal fracture, deviation
of the nasal pyramid recurs. General anesthesia is
used because it allows more effective completion of
the fracture without patient discomfort. It also 
provides protection of the airway from aspiration 
if bleeding is produced by fracture reduction.
Oxymetazoline (Afrin) on pledgets is used for
intranasal vasoconstriction along with 0.5% lido-
caine (Xylocaine) with 1:200,000 adrenaline as a
field block and vasoconstrictor. 

A septal laceration that requires repair or a
septum that needs incision and drainage to evacu-
ate a hematoma may require specific anesthesia.
The nasal bones are outfractured with a reversed
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No. 3 scalpel handle. Palpation is used to mold the
nasal pyramid into its proper position. An osteotomy
is rarely required to complete a “greenstick” (incom-
plete) fracture. Asch forceps are used to complete the
fracture of the septum and reposition the septum
into the midline. Hematomas can be drained
through a vertical or L-shaped incision, depending
on the location. A small latex drain may be placed
in the hematoma cavity to allow egress of blood or
fluid. Alternatively, “quilting” sutures of 4–0 plain
gut can be laced through the septum to prevent the
septal hematoma from reaccumulating. Petroleum-
saturated packing may be used under the nasal
fossa (the distal portion of the nasal bones) to
support slumping distal nasal fracture fragments. A
Doyle splint (Xomed Co, Jacksonville, Fla) is placed
on each side of the septum and fixed by a 2–0 nylon
suture penetrating the septum.

Plane III Laterally Displaced Nasal
Fractures

Plane III nasal injuries (see Fig. 1, right) represent
a dislocation of at least half the nose that extends
into the piriform aperture and medial part of the
orbit, along with dislocation of the heminasoeth-
moidal area. The fracture is generally “greenstick”
and incomplete at the suture between the internal
angular process of the frontal bone and the frontal
process of the maxilla. The nondisplaced portion of
the fracture need not be entered surgically, whereas
the remainder of the fracture must be approached
through the mouth (labiobuccal sulcus) and the
medial aspect of the lower eyelid. A short medial
incision just below the inferior portion of the tarsal
plate usually leaves an inconspicuous scar. The skin
incision is completed and dissection is performed to

A
I II III

B
I II III

Figure 1 • Classification of fractures of the nose. A, Lateral displacement patterns. B, Anteropos-
terior displacement. Fractures with moderate anteroposterior displacement may require bone graft-
ing and open reduction. Plane I and II fractures may occur in combination. Plane III fractures are
nasoethmoidal orbital fractures.
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separate the skin from the orbicularis for several
millimeters inferiorly. The orbicularis is transected
to reach the infraorbital rim and medial part of the
maxilla. The inferomedial aspect of the orbit may be
reduced and plated through this approach. Despite
being the first stage of a nasoethmoidal orbital frac-
ture, telecanthus is not observed because the frac-
ture is displaced medially and inferiorly. The medial 
displacement is usually moderate and nearly closes
the nasal airway on the injured side. This fracture
is frequently mistaken for a nasal fracture and mis-
treated by closed reduction of the nasal pyramid
alone. After open reduction of the medial part of the
orbit and piriform aperture, the remainder of the
nasal fracture (which is often unilateral) may be
managed by closed nasal reduction.

Frontal Impact Nasal Fractures

Nasal fractures caused by frontal impact are char-
acterized by three degrees of displacement (see Fig.
1, bottom panel). Plane I injuries involve posterior
displacement of just the inferior ends of the nasal
bones and the septum. Septal height is lost, and
patients often have a residual dorsal hump. Reduc-
tion can elevate the ends of the nasal bones by
placing packing in the nasal fossa. Reduction of the
nasal septum merely reduces septal cartilage
overlap. The bony-cartilaginous discrepancy is cor-
rected in a second stage by either augmentation of
the dorsum or reduction of the height disparity
between the bone and cartilage.

Plane II frontal impact fractures involve the
distal half of all of the nasal bones, depending on 
the severity of the force. The septum collapses 
in proportion. These injuries require treatment
ranging from closed reduction and percutaneous
splinting with bolsters to immediate open reduction
with bone or cartilage grafting.

Plane III injuries are either unilateral complete
or bilateral complete nasoethmoidal orbital frac-
tures. They are discussed in the next section.

Extensive Combined Frontal and
Lateral Fractures of the Nose

These fractures represent combinations of frontal
and laterally displaced injuries and are managed by
combining the recommendations discussed in the
sections on frontal and lateral fractures.

Pearls and Pitfalls—Nasal Fractures

• Septal Doyle splints and “quilting” sutures are
used to position the septum and prevent recur-
rence of hematoma.

• The most frequent mistake in the treatment of
a nasal fracture by closed reduction is failure
to complete the fracture thoroughly. The nasal

bones should be able to be freely moved to
either direction if mobilization has been accu-
rate, and they should be easily “palpated” into
position to remain where placed.

• Occasionally, an osteotomy is necessary to com-
plete a greenstick nasal fracture that is slightly
displaced but not unstable.

• All patients with nasal fractures should be
warned that a secondary procedure is neces-
sary for airway obstruction or correction of
appearance in at least half the cases.

Nasoethmoidal Orbital Fractures

Nasoethmoidal orbital fractures are severe fractures
of the central third of the upper midfacial skeleton
(Fig. 2). The nasal bones, medial orbital rims, and
the piriform apertures are involved. Various degrees
of injury occur, ranging from inferior displacement
with a greenstick fracture at the nasofrontal junc-
tion (the junction of the frontal process of the
maxilla and the internal angular process of the
frontal bone) to a comminuted, severely displaced
fracture. Nasoethmoidal fractures are isolated in a
third and extended in two thirds of cases to involve
either the frontal bone or the zygoma or maxilla (or

Figure 2 • The central fragment of the nasoethmoidal
complex is shaded. The area of attachment of the anterior
medial canthal ligament is demonstrated on the central frag-
ment in the inset. (From Markowitz B, Manson P, Sargent L,
et al: Management of the medial canthal tendon in nasoeth-
moidal fractures: The importance of the central fragment in
treatment and classification. Plast Reconstr Surg 87:843-845
1991.)
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severe injuries, the nose is foreshortened, upturned,
widened, and flattened. Nasopharyngeal hemor-
rhage can occur and may occasionally be severe. Pal-
pation of the nose may reveal a lack of skeletal and
cartilaginous support either proximally, distally, or
both, depending on the degree and extension of the
injury. In at least 20% of cases, a CSF leak is present
as a result of a bone injury in the cribriform area of
the anterior cranial fossa.

When the degree of comminution of the fracture
is sufficient, the medial canthal tendon and its
attached frontal process of the maxilla move later-
ally and produce telecanthus, or an increased 
distance between the medial commissures of the
palpebral fissures. Telecanthus may be initially
obscured by swelling. As time passes, the palpe-
bral fissure shortens, the internal commissure of 
the eyelids becomes rounded, and enophthalmos
occurs as a result of an enlarged orbital volume,
with the globe sinking downward, medially, and 
posteriorly.

Radiographic study shows four fractures: the
medial orbital wall, orbital floor, infraorbital rim,
and nose and nasofrontal region. Opacification of the
ethmoidal and maxillary sinuses is common. Some
nasoethmoidal orbital fractures are difficult to doc-
ument on CT scan, thus making “bimanual” exami-
nation essential for confirmation of a significant
injury (see Fig. 3).

Patterns of Nasoethmoidal Orbital
Injuries

Nasoethmoidal orbital injuries consist of four types:
a localized central midface injury, a unilateral injury
extended superiorly into the frontal bone or inferi-
orly into the orbital rim and zygoma, a high LeFort
II or III fracture with a nasoethmoidal orbital com-
ponent, or a panfacial fracture that may or may not
involve the frontal bone.

Surgical Technique

Superior and inferior exposure is necessary for visu-
alization of the peripheral buttresses of a nasoeth-
moidal orbital fracture. Occasionally, a laceration
may substitute for one of the exposures. Lacerations
should not be extended because the scar is generally
worse than after elective incisions. Inferior ap-
proaches include the lower lid incision and labio-
buccal sulcus incision. A lower lid incision, either 
a midtarsal, conjunctival, or subciliary incision, 
provides access to the orbital rim and the upper
portion of the piriform aperture, whereas a gingival
buccal sulcus incision provides access to the lower
aspect of the piriform aperture and the LeFort I
level. The superior approach is generally a coronal
incision. Two local incisions may be occasionally
chosen in localized fractures: a vertical midline inci-
sion over the root of the nose (not extended into the
distal two thirds of the nose) or the horizontal limb

both). A third are unilateral and two thirds are bilat-
eral injuries. The central feature characterizing
nasoethmoidal orbital fractures is displacement of
the bony attachment of the medial canthal tendon.
Mobility of this fragment may be assessed by direct
digital palpation over the canthal tendon. “Biman-
ual examination” consisting of a clamp inside the
nose with its tip underneath the canthal ligament
and an index finger tip palpating externally over the
canthal tendon insertion may be performed for con-
firmation. Digital manipulation allows the central
fragment to move between the palpating index
finger and the intranasal clamp (Fig. 3).

Clinical Examination

Lacerations of the forehead and nasal area are
present in approximately a fourth of patients. A
spectacle hematoma (a periorbital hematoma con-
fined to the distribution of the orbital septum) and
a displaced nasal fracture are often present. In more

Figure 3 • Bimanual examination is the most effective way
to confirm the presence of a mobile nasoethmoidal fracture. In
significant fractures, the “central fragment” is mobile between
an external palpating index finger over the canthal ligament and
the tip of a clamp placed intranasally under the canthal inser-
tion. Placement of the clamp underneath a nasal fracture frag-
ment yields a false-positive test result. (From Paskert JP,
Manson PN: The bimanual examination for assessing instabil-
ity in nasoethmoidal orbital fractures. Plast Reconstr Surg
83:165, 1989.)
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alone in the Converse open sky approach. Either of
these local incisions may be used for exposure of the
upper portion of a nasoethmoidal fracture. They are
inadequate for exposure of the frontal sinus and the
frontal bone.

The author divides nasoethmoidal fractures into
four types by treatment options. Type I is an incom-
plete fracture, mostly unilateral but occasionally
bilateral, that is displaced only inferiorly at the
infraorbital rim and piriform margin. Inferior sur-
gical approaches alone are necessary for reduction
and fixation (Fig. 4A and B).

Type II nasoethmoidal orbital fractures section
the entire nasoethmoidal area as a unit (Fig. 4C and
D). These injuries are not true nasoethmoidal

orbital fractures because telecanthus cannot occur.
The central fragment is usually rotated and poste-
riorly displaced, and considerable canthal distortion
occurs. They are treated by combined superior and
inferior approaches, but neither type I nor type II
requires canthal stripping because the canthus is
not unstable and remains attached to the large bone
fragment.

Type III nasoethmoidal orbital fractures (Fig. 5)
are comminuted nasoethmoidal fractures; however,
the fractures do not involve the bony insertion of the
medial canthal tendon. The central fragment may
be sizable and can be reduced to the canthal liga-
ment–bearing fragment of the other side with a
transnasal wire (Fig. 5). The remainder of the pieces

A B

C D

Figure 4 • Type I and II injuries. A, Type I injury. B, Treatment of type I injuries. Unilateral single-segment fractures undis-
placed superiorly may be treated with inferior alone approaches and stabilization (piriform aperture and inferior orbital rim).
C, Bilateral single-segment injuries (Type II) displaced at the articulation with the frontal bone. D, Displacement superiorly
at the internal angular process of the frontal bone requires superior approaches in addition to inferior approaches for reduc-
tion and stabilization. Bilateral single-segment injuries require superior and inferior approaches for rigid fixation. (From
Markowitz B, Manson P, Sargent L, et al: The management of the medial canthal tendon in nasoethmoid-orbital fractures:
Repair of the central fragment in diagnosis, treatment and classification. Plast Reconstr Surg 87:843-853, 1991.)



242 —— Midfacial Fractures

of the nasoethmoidal orbital skeleton are assembled
with interfragment wiring or microplates and then
united by junctional plate and screw fixation to the
frontal bone, the infraorbital rim, and the LeFort I
level of the maxilla.

Type IV nasoethmoidal orbital fractures (Fig. 6)
are characterized by either avulsion of the canthal
tendon (uncommon) or extension of the fractures
underneath the canthal tendon insertion. Because
the fracture fragments are small, the canthus tendon
must be detached for reduction. Therefore, canthal
tendon reattachment is required. Both the left and
right medial canthal tendons should be reattached
with a separate set of transnasal wires for each
canthus (Fig. 7). In general, bony reduction of the
intercanthal distance should be 5 to 7 mm less per

side than the soft tissue distance. Bone grafts are fre-
quently required for restoration of the nasal dorsum.
A cartilage graft may be needed for the columella to
stabilize this area and prevent nasal shortening. The
nasal septum is frequently perforated and should be
repaired. If dislocated, the septum may be reattached
to the anterior nasal spine with a wire.

After fracture repair, the soft tissue is held to the
nasal bones with soft Xeroform-wrapped felt bol-
sters transfixed by two transnasal wires. Careful
daily observation of the skin pressure produced by
the bolsters is required to prevent skin necrosis.
Meticulous daily cleansing underneath the bolsters
is also necessary.

The lacrimal system is always injured in nasoeth-
moidal fractures, but seldom by direct transsection.

A B

C D

Figure 5 • Type III injury. A (unilateral) and C (bilateral), The comminuted fracture does not extend into the area of inser-
tion of the canthus. B (unilateral) and D (bilateral), Treatment of type III injuries. Fractures that are comminuted external to
the canthal insertion require (1) transnasal reduction of the medial canthal tendon–bearing bone fragments, (2) interfrag-
ment wiring to link all fragments, and (3) junctional rigid fixation. Left, Completed reduction, unilateral fracture. The transnasal
reduction wires are dotted behind the canthal ligament. Right, Completed reduction, bilateral fracture. Bilateral repair requires
transnasal passage of the transnasal reduction wire posterior and superior to each canthal ligament. (From Markowitz B,
Manson P, Sargent L, et al: The management of the medial canthal tendon in nasoethmoid-orbital fractures: Repair of the
central fragment in diagnosis, treatment, and classification. Plast Reconstr Surg 87:843-853, 1991.)
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When a direct laceration occurs, the lacrimal system
must be repaired.

The internal orbit must be reconstructed by
placing grafts between intact bone at the back of the
orbit and the infraorbital rim. In the medial orbital
region, the posterior ethmoidal foramen forms the
posterior boundary of the fracture in more extensive
injuries. Medial orbital grafts may be stacked
against the displaced ethmoidal bones until normal
contour is achieved.

Fractures of the Zygoma

Zygomatic fractures are the second most common
midfacial fracture and may occur in isolation or as
a component of a more extensive fracture such as a
LeFort III fracture. The physical findings of a zygo-
matic fracture consist of a deformity of the eye and
eyelids with recession of cheek prominence.

In some high-energy injuries, the zygoma can be
laterally displaced with increased midface width 
on the affected side. In lower-energy injuries, the
zygoma is displaced medially with narrowing of 
the midface. Zygoma fractures are almost always
accompanied by periorbital and subconjunctival
hematoma. Hypoesthesia is present in the periph-
eral branches of the infraorbital nerve, including
those to the teeth, ipsilateral cheek, sidewall of the
nose, and upper lip. The upper teeth may be hypoes-
thetic because the anterosuperior dental alveolar
nerve is a branch of the infraorbital nerve.

Zygomatic complex fractures involve fractures of
the orbital floor and lateral aspect of the orbit. If 
the bony displacement is sufficient, the globe drops
posteriorly and enophthalmos is produced. The globe
also sinks inferiorly such that the eye is inferiorly

depressed. Because the lateral canthal ligament is
attached to Whitnall’s tubercle, a rounded eminence
on the internal aspect of the frontal process of the
zygoma 10 mm below the zygomaticofrontal suture,
the lower lid will sink inferiorly if the zygoma is 
inferiorly displaced. Unilateral epistaxis is almost
universal because the fractures communicate with
the maxillary sinus. Because of the orbital floor frac-
ture, double vision or diplopia may occur, usually as
a result of contusion of the extraocular muscles. The
increased size of the orbit produces enophthalmos
and orbital dystopia. Hematomas may be observed
around the cheek and the eye and in the upper
buccal sulcus. If the posterior depression of the zygo-
matic body is sufficient or if the zygomatic arch is
depressed medially, there may be impingement on
the coronoid process of the mandible and restriction
of mandibular motion. These abnormalities produce
pain and difficulty in chewing and may prevent
normal occlusion.

Figure 6 • Type IV injuries. Fractures extend into the canthal-
bearing segment. Canthal avulsion may be present. (From
Markowitz B, Manson P, Sargent L, et al: The management of
the medial canthal tendon in nasoethmoid-orbital fractures:
Repair of the central fragment in diagnosis, treatment and clas-
sification. Plas Reconstr Surg 87:843-853, 1991.)

A

B

Figure 7 • Fracture management requires canthal detach-
ment and reattachment by transnasal wiring to the contra-
lateral tendon mechanism (A) or separately fixed screws or
wires (B). (From Markowitz B, Manson P, Sargent L, et al: The
management of the medial canthal tendon in nasoethmoid
orbital fractures: Repair of the central fragment in diagnosis,
treatment and classification. Plas Reconstr Surg 87:843-853,
1991.)
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Zygomatic Complex Fractures

For fractures that are displaced at the zygomati-
cofrontal suture with medial displacement of the
arch, an “anterior approach” is preferred (Fig. 8).
Exposure for reduction and fixation can be achieved
at three places: an incision over the zygomati-
cofrontal suture (which is generally through the
lateral limb of an upper lid blepharoplasty or a lac-
eration or preexisting scar); a lower lid incision
(which could be either a subciliary, midtarsal, or
conjunctival incision); and a labiobuccal sulcus inci-
sion, which exposes the attachments of the zygoma
to the maxilla (Fig. 8). An elevator may be placed
within the maxillary sinus and used to lever the
zygoma into position. Because one cannot view 
the three separate approaches simultaneously, posi-
tioning wires are usually placed (e.g., in the zygo-
maticofrontal suture and the infraorbital rim) and
the reduction commenced with plate and screw 
fixation at the zygomaticomaxillary articulation. In
fractures with medial displacement, which gener-
ally includes medial displacement of the arch, the
arch can additionally be maneuvered through a
Gillies approach in the manner of a closed reduction.
More than 90% of zygomatic fractures may be
managed with anterior incisions alone.

A comminuted zygoma fracture with lateral dis-
placement of the arch and the zygoma or extreme
posterior displacement of the zygomatic body
requires complete visualization, including both
anterior incisions and a coronal (scalp) incision, to
expose the zygomaticofrontal suture and the zygo-
matic arch (obviating the need for blepharoplasty or
brow incision; Fig. 9). Dissection is carried out via
the coronal incision beneath the deep temporal
fascia to expose the bone fragments of the zygomatic 
arch. After placement of the positioning wires, open
reduction of the zygomatic arch and zygomatico-
maxillary buttress is achieved. Positioning (tempo-
rary interfragment) wires are useful because three
separate fracture sites cannot be simultaneously
visualized. Wires allow some degree of rotation
while the other areas are being reduced. The proper
medial position of the zygomatic arch is determined
by alignment in the lateral orbit of the orbital
process of the zygoma with the greater wing of the
sphenoid. Generally, 1.3-mm plates are used at the
zygomaticofrontal suture and orbital rim, and 1.5-
or 2.0-mm plates are used in the zygomaticomaxil-
lary buttress and arch to resist muscular forces.

If the lateral canthus is detached in the reduc-
tion, it needs to be reattached with a separate wire
to the inner aspect of the lateral orbital rim, just
below the zygomaticofrontal suture, so that the
proper three-dimensional draping of the canthus is
reestablished. It is also important to resuspend the
midfacial soft tissues to support the lower lid and
prevent facial asymmetry. The periosteum can
usually be suspended from the zygomaticofrontal
plate and the infraorbital rim plate.

Incomplete Fractures

Greenstick fractures of the zygoma are incomplete
at the zygomaticofrontal suture. They are displaced
inferiorly and as such can be managed with inferior
approaches alone. If the orbital floor is not commin-
uted, reduction of the zygoma reduces the floor.

Isolated Zygomatic Arch Fractures

Isolated fractures of the zygomatic arch can be caused
by a lateral blow and most frequently result in a 
“W-shaped” deformity with depression of the lateral
midcheek region just anterior to the ear and the
glenoid fossa. Isolated fractures of the zygomatic arch
are classically reduced in “closed” fashion through the
Gillies temporal approach, but they may alterna-
tively be approached either through the mouth or
through a lateral brow incision. The reduction
maneuver in the Gillies approach requires an incision
in the temporal hair-bearing scalp that is deepened
to expose the fibers of the temporalis muscle (the inci-
sion must extend deep to the deep temporal fascia).
An elevator is passed directly underneath the
depressed portion of the arch, and the surgeon lifts
the depressed portion of the arch in a gentle, but
steady fashion. The fractures usually snap back into
place and do not require support. This maneuver may
be used for isolated arch fractures or for the arch
alone in complete zygomatic fractures that demon-
strate medial displacement of the zygomatic arch.

Figure 8 • Anterior approaches to the zygoma may involve a
single plate at the zygomaticomaxillary buttress or exposure
and plating of the inferior orbital rims, zygomaticomaxillary 
buttress, and zygomaticofrontal frontal suture. (© Johns
Hopkins University.)
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LeFort Maxillary Fractures

Maxillary fractures were classified by LeFort on the
basis of “weak areas” of the maxilla. He defined
three “great lines of weakness” (Fig. 10). A LeFort I
fracture is a horizontal fracture between the maxil-
lary alveolus and the upper craniofacial skeleton. In
a LeFort II fracture, the central nasomaxillary
segment is separated from the zygomatic and
nasofrontal aspects of the facial skeleton. A LeFort
III fracture is a “craniofacial” disjunction in which
all the facial bones are separated from the cranium.
One generally sees combinations of fractures in the
same injury, such as the presence of a LeFort I and
II fracture within a LeFort III fracture. LeFort frac-
tures are often more severe on one side; thus, a
higher LeFort level fracture will be seen on the most
injured side (see Fig. 10).

LeFort fractures traverse many of the aforemen-
tioned fractures lines. As a result, they produce
symptoms that are found with other facial fractures.
Mobility of the maxillary alveolus and teeth along
with malocclusion is the “sine qua non” of most
LeFort fractures. The fractures may be incomplete,
in which case movement may be absent. Malocclu-
sion is, however, still present and confirms the pres-
ence of a fracture that is dislocated but not mobile.
Malocclusion, therefore, is the hallmark of diagno-
sis and is present in all displaced LeFort fractures.
Mobility of the maxilla occurs in fractures that are
not incomplete or impacted.

In upper LeFort fractures, one sees retrusion of
the midfacial structures. As the swelling subsides,
the midface usually elongates and is flattened. The
face in comminuted upper-level LeFort fractures is
rounded, wide, and short. CSF fistulas occur in 25%
of upper LeFort II and III fractures.

Incomplete LeFort Fractures

It is important that the maxilla be fully mobilized
and positioned in normal occlusion with the man-
dible before fixation. In incompletely mobilized
LeFort fractures, the mandible may be distracted
out of the glenoid fossa to meet an immobile, dis-
placed maxillary segment. Proper condylar seating
in the glenoid fossa is paramount. If it cannot be
obtained, the incomplete LeFort segment should be
disimpacted by mobilization, osteotomy, or traction
elastics before establishing maxillomandibular fixa-
tion (MMF). Eric arch bars are applied to the teeth,
and the jaws are placed in MMF. MMF reduces the
LeFort I segment to the mandible and positions the
LeFort I segment with regard to the cranial base if
the mandible is intact. If the mandible is not intact,
it should be anatomically reconstructed before initi-
ating MMF. Similarly, if a sagittal fracture of the
palate or an alveolar fracture is present, it should be
reduced and fixated before establishment of MMF.

Figure 10 • A LeFort I fracture (1) is a transverse fracture
separating the segment carrying the maxillary occlusion from
the upper part of the maxilla. In a pyramidal or LeFort II frac-
ture (2), a central fragment containing the occlusion and the
nose is separated from the zygomatic aspects of the midface.
A LeFort III fracture (3) separates the zygomas and nose from
the skull base. Combinations of these fractures are frequent,
and the fractures are usually worse on one side than the other.
(© Johns Hopkins University.)

Figure 9 • The posterior approach to the zygoma involves
the approaches illustrated in Figure 8, the anterior approaches,
plus a plate along the zygomatic arch. The arch is properly posi-
tioned by observation of the alignment in the lateral wall of the
orbit obtained at the time of arch reduction. (From Manson P,
Clark N, Robertson B, et al: Subunit principles in midface frac-
tures: The importance of sagittal buttresses, soft tissue reduc-
tions, and sequencing treatment of segmental fractures. Plast
Reconstr Surg 103:1287, 1999.)
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In the case of a fracture that disconnects the
nasofrontal junction from the frontal bone, a coronal
or local incision over this area is required for reduc-
tion and fixation (Fig. 13).

LeFort III Fractures

For LeFort III fractures, a coronal incision exposes
the nose at the internal angular process of the
frontal bone, the zygoma at the zygomaticofrontal
suture, the lateral and medial aspects of the orbit,
and the zygomatic arch. Reduction at the lateral
aspect of the orbits and reestablishment of facial
projection by reconstruction of the zygomatic arches
are important principles. The infraorbital rims and
medial orbital wall are also often involved and can
be examined through orbital incisions. Fractures are
reduced and fixated (Fig. 14).

Edentulous LeFort Fractures

In edentulous LeFort fractures, one may need to
extend the fixation to the alveolus to find sufficient
bone for stable fixation. Bone grafting may be added
to the anterior aspect of the maxilla over the 
maxillary sinus and at the piriform aperture for
augmentation. Intermaxillary fixation should be
accomplished temporarily with dentures or splints
as an initial positioning technique for the lower
midface region and alveolus, similar to a dentulous
patient. The dentures may be secured to the alveo-
lus with screws or wires. The denture fixation may
be discontinued postoperatively. The upper and
lower midface areas are stabilized in units and con-
nected at the LeFort I level as the final step in the
reduction of a significant fracture.

Sagittal Fractures of the Maxilla

Sagittal fractures of the maxilla may manifest as
alveolar fractures or as maxillary arch instability
(Fig. 15). Fractures that divide the palate in an
anteroposterior plane should be treated by direct
open reduction in the roof of the mouth and at the
piriform aperture. This maneuver converts the frac-
tured alveolus into a “one-piece” LeFort I segment,
which can be managed in the fashion of a standard
LeFort I fracture. Because the alveolar reductions
are not as stable, the patient should remain in MMF
for a 4- to 6-week period until stability and normal
occlusion are ensured. The use of an acrylic palatal
splint is helpful in cases in which the dental alveo-
lus is subject to rotation (see Fig. 15).

Orbital Fractures

Fractures may occur in any of the four portions of
the internal orbit. They may extend to involve small
rim fractures as well (Fig. 16).

Figure 11 • Open reduction and fixation of a LeFort I frac-
ture with plates across the four buttresses of the maxilla. (©
Johns Hopkins University.)

Exposure of the LeFort fracture line is achieved
through bilateral labiobuccal sulcus incisions. Both
the nasomaxillary and the zygomaticomaxillary but-
tresses are likewise exposed and fixated.

LeFort I Fractures

LeFort I fractures may be treated by plate and screw
fixation over the nasomaxillary and zygomatico-
maxillary buttresses bilaterally as described earlier
(Fig. 11). Postoperatively, the patient may be
released from MMF and observed. The arch bars are
left in place so that wires or elastics can be reestab-
lished if there is any change in occlusion. In general,
6 to 8 weeks is required for healing. Patients are
observed for several weeks after apparent healing,
with the arch bars left in place so that stability of
fracture position and solid bony union are ensured.

More complicated maxillary fractures require
reconstruction of the horizontal and vertical but-
tress system of the facial skeleton (Fig. 12). Con-
ceptually, the upper midfacial region is related to
the frontal bone, and the lower midfacial region
below the LeFort I level is related to the mandible.

LeFort II Fractures

In LeFort II fractures, plate and screw fixation is
used at the zygomaticomaxillary buttress as in
LeFort I fractures. In addition, the infraorbital rim
is exposed via a lower orbital incision, and the frac-
ture here is also fixated. If the fracture traverses the
lower nasal bones and cartilage, closed reduction of
the nose is usually sufficient.
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Figure 13 • Open reduction and internal fixation of a combi-
nation LeFort I and LeFort II fracture by fixation at the
nasofrontal junction, inferior orbital rims, and LeFort I level. (©
Johns Hopkins University.)

Figure 14 • Open reduction and internal fixation of a right
LeFort III, bilateral LeFort I fracture by plates placed at the zygo-
maticofrontal suture, inferior orbital rim, zygomatic arch, and
the four buttresses at the LeFort I level. (© Johns Hopkins 
University.)

Figure 12 • The vertical and horizontal buttress system of the face. (From Manson PN, Clark N, Robertson B, 
et al: Subunit principles in midface fractures: The importance of sagittal buttresses, soft tissue reductions, 
and sequencing treatment of segmental fractures. Plast Reconstr Surg 103:1287-1306, 1999.)
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The most common orbital fractures are fractures
of the orbital floor. Epistaxis is often present as 
a result of blood in the maxillary sinus, and 
many patients have hypoesthesia or anesthesia in
the infraorbital nerve distribution. Depending on
the extent of contusion of the ocular soft tissues, the
patient may have diplopia on superior or inferior
gaze. If a significant portion of the floor is dislocated,
the eye may displace inferiorly and medially. Most
of the fractures are confined to the thin internal
section of the orbits; however, some involve small
segments of the orbital rim.

In orbital floor fractures, the inferior rectus
muscle or its fascia may be incarcerated. If the
muscle is incarcerated, it represents an emergency
condition in which release should be accomplished
as soon as possible to avoid vascular compromise of
the entrapped muscle because of the fine ligament
system that extends throughout all the orbital soft
tissue. Tethering of fat in the fracture site may limit
excursion of an extraocular muscle even though the
muscle itself is not tethered by the fracture. Freeing
of the fat releases the extraocular muscle ligament
system and allows normal eye motion.

Fractures may also involve the medial orbital
wall, either with or without an orbital floor compo-
nent. The medial rectus muscle is often contused in
these fractures, but it is rarely incarcerated.

All patients with orbital fractures require oph-
thalmologic evaluation, and visual acuity must be
documented. Pupil reactivity, the presence of double
vision, eye mobility, visual fields, intraocular pres-

sure, and funduscopic examination are essential
components of the evaluation.

Diagnosis

Orbital fractures are evaluated by axial and coronal
CT and by physical examination, including forced
duction tests. Topical anesthesia is instilled into the
conjunctival sac, and the insertion of the extraocu-
lar muscles onto the globe is grasped with forceps.
The eye is rotated, and resistance implies mechani-
cal restriction. In addition, CT may also demon-
strate soft tissue incarceration by showing the
relationship of the perimuscular soft tissue to the
fracture.

Surgical Reduction

The need for surgery in orbital fractures depends on
the resultant orbital volume and the potential for
enophthalmos. The presence of functionally limiting
double vision as a result of entrapment of either an
extraocular muscle or perimuscular fat by virtue of
the fine ligament system must be excluded. When
an extraocular muscle is sufficiently entrapped to

Figure 15 • Segments of sagittal fractures of the maxilla, if
large, can be united by fixation in the roof of the mouth, which
limits transverse width and displacement of the fracture; such
fixation may be combined with reduction of the fracture at the
piriform aperture. This technique creates a one-piece occlusal
segment, which can then be treated like a LeFort I fracture
segment. (From Hendrickson M, Clarke N, Manson P: Sagittal
fractures of the maxilla: Classification and treatment. Plast
Reconstr Surg 101:319-332, 1998.)

Figure 16 • Orbital fractures divide the internal orbit into four
areas and the rim into three areas. “Buttresses,” or thickened
areas of bone, separate the four internal areas through the infe-
rior orbital fissure, the inferior medial orbit, the upper portion
of the medial orbit, and the lateral aspect of the orbital roof.
When the inferoorbital buttress is disrupted, stable fixation of
the reconstructed material is required for support. (© Johns
Hopkins University.)
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cause double vision, a positive forced duction exam-
ination is present, and CT evidence of incarceration
of orbital soft tissue is seen. Such fractures benefit
from release of the orbital soft tissue to improve
ocular range of motion.

Enophthalmos or a globe positional change occurs
when the orbital volume increases by approximately
3 cc. The eye is displaced medially, posteriorly, and
inferiorly. In medially impacted zygoma fractures,
hypoesthesia may indicate compression of the 
infraorbital nerve by the fracture and could be an
indication for surgical decompression by fracture
reduction. However, the presence of an isolated
infraorbital nerve sensory deficit is not in itself an
indication to proceed with reduction of an orbital
fracture. Reduction of orbital floor fractures is per-
formed through a lower lid incision, which can

include either a subciliary, midtarsal, or conjunc-
tival incision (Fig. 17). The arcus marginalis is 
identified and incised and the subperiosteal dis-
section plane entered. As the dissection approaches
the fracture, the periorbita is most often herniated
into the maxillary sinus and is difficult to dissect.
Dissection is first performed on all sides of the frac-
ture in which the periosteal plane is undisturbed. It
is often necessary to extend the dissection to the
lateral and medial walls to identify the uninvolved
regions of the orbit. After the periphery of the 
fracture is defined, the periorbita is teased out 
of the maxillary sinus and the posterior ledge of 
the fracture is identified. It is important to locate
the posterior ledge because it allows accurate 
reconstruction of orbital volume. After all borders of
the fracture are identified and the periorbita

A B1

B2

Figure 17 • A, Cutaneous lower lid incisions include the subciliary, midtarsal, and orbital rim incisions. B, Conjunctival inci-
sions include the fornix (B1), infratarsal (B2), and medial conjunctival (not shown) incisions. The medial aspect of the orbit
can be approached through the medial extension of the conjunctival incision behind the lacrimal area. (© Johns Hopkins Uni-
versity.)
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reduced, the floor can be reconstructed with a thin
bone graft, Medpor (Porex Medical, Fairburn, GA),
or titanium mesh.

Forced duction examination should be performed
before the dissection, after the dissection, and after
the insertion of reconstructive material to ensure
that there is no limitation in the movement of the
extraocular muscle system. The exact volume of the
orbit should be reconstructed by the bone graft (Fig.
18). In cases in which the operation was performed
because of entrapment, release of the perimuscular
or muscular soft tissues should improve the forced
duction examination, and this fact should be con-
firmed at the time of surgery.

Orbital Roof Fractures

Supraorbital fractures usually involve the orbital
roof. They are frequently minimally displaced, and
treatment is observation. Some fractures can be
inferiorly displaced and require open reduction via
an intracranial procedure.

Fractures of the Medial Orbit

Medial orbital fractures are common and often
found in conjunction with a floor fracture. Separate
exposure of the medial orbital wall may be required
and involves a conjunctival incision extended behind
the lacrimal system to expose the medial orbital
region. These fractures can be treated by placement
of either alloplastic material or bone grafts to correct
the volume enlargement of the medial orbit. Dissec-
tion should extend to the posterior border of the frac-
ture, which in extensive injuries may approach the
posterior ethmoidal foramen. The anterior eth-

moidal foramen is approximately 15 mm and the
posterior ethmoidal foramen 25 mm posterior to the
medial orbital rim. In the dissection, the anterior
ethmoidal vessels must be cauterized and divided to
expose the medial orbital wall. More extensive frac-
tures require a coronal incision. Medial orbit recon-
struction is accomplished by placement of bone
grafts with the smooth surface toward the extraoc-
ular muscles or with alloplastic material such as
Barrier Medpor.
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Optimal mandibular fracture treatment restores
form and function to the mandible. Dental occlusion,
bony anatomy, and facial aesthetics are returned 
to their preinjury state with fracture reduction 
and fragment stabilization. This chapter provides
an overview of closed and open surgical treatment
of mandibular fractures and their postoperative
care.

Etiopathogenesis

After the nasal bones, the mandible is the most 
commonly fractured facial bone. Common causes 
are motor vehicle accidents and physical assault.
Mandible factures are usually multiple so that when
a single fracture is identified, one should seek to
identify additional fracture sites. They are also asso-
ciated with other facial fractures, and thus other
fractures should be excluded as well.

Pathologic Anatomy

The mandible is a bilateral bone fused in the
midline. Each hemimandible has a vertical and 
horizontal component. The condyle, coronoid, and
ramus are part of the vertical segment, whereas the
body and parasymphysis form the horizontal
segment. Fractures occur in areas of weakness, such
as unicortical areas (e.g., the condylar neck and
angle), foramina (e.g., the mental foramen), or sites
of long dental roots. In dentulous adults and chil-
dren, fractures are most common in the weak sub-
condylar region, whereas in edentulous patients, the
body and the angle are the most frequent sites of
fracture. In the stage of mixed dentition, the body
and symphysis are also susceptible to fractures
because they are weakened by the developing tooth
follicles.
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The muscle groups are categorized by their direc-
tion of pull. The mandibular elevators are the mas-
seter, medial pterygoid, and the anterior part of the
temporalis. The depressor-retractors are the genio-
hyoid and digastric. The main protrusor (pushing
the mandible anterior) is the lateral pterygoid. The
retractors (pulling the mandible posterior) are the
posterior component of the temporalis and the deep
part of the masseter. Lingual rotation is caused by
the mylohyoid. The pull of these muscles is normally
balanced, but in the presence of fractures, the
muscles act as deforming forces and can cause dis-
placement of the fragments.

Diagnostic Studies

Complaints of malocclusion and dental or lip numb-
ness often indicate a mandible fracture. Other find-
ings include intraoral lacerations between teeth,
fractured or loose teeth, and uneven areas along the
dental arch. An ear canal laceration may signify a
condylar head fracture or dislocation. An anterior
open bite commonly occurs with bilateral condy-
lar/subcondylar fractures. Loss of facial/dental sen-
sation, temporomandibular joint (TMJ) crepitance,
trismus, and mandibular deviation with mouth
opening should also be noted.

Plain film mandibular radiographic series have
largely been supplanted by computed tomography
(CT) and are not routinely requested. CT evaluates
not only the mandible but also the facial skeleton
and brain. Each portion of the mandible, including
the location of the condylar head with regard to the
glenoid fossa, is clearly seen, and three-dimensional
reconstructive images can also be obtained. Three-
dimensional images are additionally helpful because
they distinctly show the obliquity of a fracture 
and the position of the fragments. Panoramic
roentgenograms provide additional information by
demonstrating tooth involvement and root injury.
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Goals of Reconstruction

Ideal mandible fracture management returns the
patient to the preinjury occlusion and function in
the shortest amount of time. For most fractures,
internal rigid fixation in conjunction with maxillo-
mandibular fixation (MMF) is used to anatomically
align the fracture fragments and restore occlusion.

Treatment of mandible fractures is ideally per-
formed as soon as feasible but can be delayed 
for 2 to 3 weeks for treatment of concomitant life-
threatening injuries. Occasionally, urgent MMF can
be performed in the acute setting to control bleed-
ing at the fracture site in an unstable patient. Even
4 to 6 weeks after injury, the fracture callus can be
mobilized without an osteotomy. After 6 to 8 weeks,
however, the fracture is most likely healed, and 
an osteotomy will be required for fragment 
realignment.

Treatment: Closed versus Open
Surgical Fixation

Preoperative counseling is given regarding the risk
for local nerve injury, infection of hardware/bone,
possible need for hardware removal, hematoma 
formation, dental injury, and an inability to achieve
preinjury occlusion. The locations of intraoral and
possible extraoral incisions and the need for MMF
are discussed. Instructions for postoperative diet
and oral hygiene are given.

Closed Surgical Treatment by
Maxillomandibular Fixation

Greenstick fractures, condylar and subcondylar
fractures, and fractures with minimal displacement
are amenable to closed reduction and MMF (Fig. 1).
Adequate dentition and periodontal health are
required. For successful management, the segments
must remain stable and reduced after MMF is estab-
lished. For example, subcondylar fractures treated
with MMF alone should remain stable with proper
vertical ramus height reestablished. The technique
of MMF involves securing arch bars to all teeth.
Normal occlusion is established by aligning the wear
facets of the interdigitating maxillary and mandibu-
lar teeth. MMF is held in position with either wire
loops or tight elastics.

Two weeks in MMF followed by 2 weeks of a soft,
no-chew diet are adequate for younger, healthy
patients with condylar/subcondylar fractures.
During mobilization, patients should be closely 
monitored, and asymmetries or deviations should 
be corrected with elastics to bring the mandible to
the midline. Longer periods, up to 6 weeks, are 
necessary if delayed healing is expected (i.e.,
patients with periodontal disease, multiple injuries,

immunosuppression, or diabetes). Six to 8 weeks are
required for parasymphyseal and body fractures
treated solely by MMF.

Open Surgical Treatment by Internal
Rigid Fixation

Open reduction with internal rigid fixation (ORIF)
is the treatment of choice for most mandibular 
fractures, including symphyseal/parasymphyseal
fractures, multiple mandibular fractures, displaced
fractures in edentulous patients, and displaced 
fragments subject to rotation (unstable fractures).
Other indications for ORIF include angle fractures,
an inability to obtain preinjury occlusion by closed
reduction, the presence of a foreign body, severe
condylar angulation, a condyle displaced outside the
glenoid fossa, a noncompliant patient, an unstable
midface, concomitant head trauma, and patient
choice.

For fractures of the angle, body, or parasymph-
ysis, a plate (generally 2.0 to 2.4 mm) is placed with
a minimum of two bicortical screws on each side of
the fracture. The screws must be inserted below the
inferior alveolar canal. In addition, a tension band
is necessary to prevent separation of the fracture
edge at the superior border (Fig. 2). The tension
band and plate should be small (generally a 1.3- to
1.5-mm plate) with unicortical (4 mm in length)
screws to avoid injury to the tooth roots. When den-
tition is present on either side of the fracture, an
arch bar can function as a tension band and a second
plate is not necessary (Fig. 3).

Figure 1 • Mandible with bilateral displaced subcondylar
fractures that are amenable to maxillomandibular fixation.
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The intraoral approach is recommended for expo-
sure of the fracture sites. It can be combined with
stab incisions in the cheek skin for transcutaneous
placement of screws (for angle and body fractures)
or with preauricular incisions (for condylar head or
neck fractures). 

After MMF is achieved, the mucosa and muscle
are incised approximately 0.5 cm from the den-
togingival line. The fracture is approached subpe-
riosteally and all callus and debris removed. The
mental nerve can be identified exiting the mental
foramen below the first premolar and should be pre-
served. After fixation, the incision can be closed in
watertight fashion with interrupted sutures.

For repair of fractures of the body and angle, the
intraoral approach requires transcutaneous place-

ment of drill bits and screws. Specialized cheek
retractors and percutaneous drill/screw equipment
are available in most mandibular fixation sets. The
extraoral (Risdon) approach is made through an
incision 2 cm below and parallel to the inferior
border of the mandible. The Risdon incision carries
the disadvantages of a visible scar and the risk of
injury to the marginal mandibular nerve.

SURGICAL TECHNIQUE. Prophylactic intravenous
antibiotics are administered preoperatively.
Steroids to decrease facial edema can also be 
used. Nasal endotracheal intubation is performed.
In circumstances in which nasal intubation is not 
possible, an armored oral tube can be passed in 
the retromolar region while MMF is being 
established.

The surgical sequence is as follows:

1 Arch bars are placed. Twenty-four-gauge wires
are used to secure the arch bars to the molars
and premolars, and 26-gauge wires are used on
the canines and incisors.

2 The fractures are exposed and the fragments
mobilized.

3 MMF is achieved with looped wires. Preinjury
occlusion is established with simultaneous
bony reduction. Interosseous wires or bone-
approximating clamps are often needed to hold
the reduction before plating.

4 Rigid plate fixation is performed. The plates are
slightly overbent to prevent splay of the lingual
cortex of the fracture when the plate is secured
against the buccal cortex. A tension band,
either a separate plate or an arch bar spanning
the fracture, is necessary to prevent separation
of the superior fracture edge.

5 The MMF is removed and the occlusion checked
to ensure proper positioning of the condylar
heads in the glenoid fossae. If a condylar head
is subluxing or dislocating with jaw opening
and closing, the occlusion is incorrect and the
plating must be redone.

6 The incisions are closed. If postoperative MMF
is necessary, it is established with wire or
dental elastics. MMF is commonly used to 
minimize postoperative pain. If smaller plates
(<2.0 mm) are used along the inferior border or
more than one fracture is present, postopera-
tive MMF is recommended for 2 weeks to main-
tain fracture immobilization.

Splints and Models. The use of preoperative models
and splint construction can be particularly helpful
to restore preinjury occlusion and proper dental
relationships. Splints are most helpful for palatal
and alveolar fractures. They provide additional
strength for compound maxillary-mandibular frac-
tures and for fractures in near-edentulous patients.
Splints generally provide more stability, assist with

Figure 2 • Mandibular angle fracture repaired with a tension
band and plate. As no dentition spans the fracture, a tension
band is required. 

Figure 3 • Mandibular parasymphyseal fracture repaired
with an arch bar and plate.
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precise occlusal relationships, and save time in the
operating room.

Teeth in the Fracture Line. Indications for remov-
ing affected teeth include fracture of the tooth or
roots, severe periodontal disease, displacement of
the tooth from the alveolar socket, a tooth interfer-
ing with reduction, and a tooth without bite func-
tion. With antibiotic coverage and oral hygiene, most
teeth can be salvaged. Loose teeth should be wired
solidly to adjacent teeth. The risk of infection, late
dental loss, possible root canal treatment, and
potential prosthodontic work should be discussed
preoperatively with the patient.

Maxillomandibular Screws. In a near-edentulous
patient, arch bars either cannot be placed or would
not provide stable MMF. Self-tapping screws can 
be inserted directly through the gingiva into the
anterior aspect of the maxilla and mandible, just
medial (mesial) to the canine roots. The screws allow
for easy application of wire or elastics for MMF. The
screws are removed when MMF is no longer
required.

Condylar Fracture/Temporomandibular
Joint Dislocation

Condylar fractures are the most common mandibu-
lar fracture in adults. Patients are often initially
found to have pain in the preauricular region, an ear
canal laceration, malocclusion, limited jaw opening,
and deviation with jaw opening. The vertical height
of the fractured ramus/condyle is reduced, which
results in premature contact of the posterior teeth
and leads to an anterior open bite deformity. Condy-
lar fractures can be further divided into intracapsu-
lar (condylar head) and extracapsular (condylar
neck or subcondylar). Condylar head (intracapsular)
fractures are best treated conservatively by closed
treatment consisting of 2 weeks of MMF followed 
by guiding elastics and a liquid diet for an additional
2 weeks. Nondisplaced condylar neck fractures 
are unstable and should also be treated by closed
reduction and MMF. In adults, indications for open
reduction and internal fixation (ORIF) of condylar
fractures include fragments that interfere with jaw
excursion, the presence of a foreign body, displace-
ment into the middle cranial fossa, severe angula-
tion of the condylar head (>30 degrees), bilateral
fractures with a persistent open bite, and combined
bilateral subcondylar and LeFort fractures (ORIF
for subcondylar fractures is necessary to establish
proper mandibular vertical height).

Open reduction is usually performed through a
preauricular incision. The procedure can be endo-
scopically assisted or combined with an intraoral or
a modified Risdon incision. Care is taken to mini-
mally disrupt the periosteum and vasculature of 
the condylar head because of the associated risk 
for either premature TMJ ankylosis (disk loss) or

fibrous nonunion at the fracture site, or both. Plate
and screw fixation is preferred, but the distal frac-
ture segments are often too small and wire fixation
must suffice.

Another option for smaller fragments is place-
ment of lag screws in an inferior-to-superior direc-
tion through an incision below the angle of the
mandible. The postoperative regimen involves MMF
for 2 weeks followed by guiding elastics and jaw
physical therapy. Patients should be advised of the
risk for TMJ ankylosis and limited jaw opening. 

Extracapsular fractures involving the neck and
subcondylar region can best be treated by inter-
maxillary fixation alone for 2 weeks followed by
guiding elastics and physical therapy.

Mandible Fractures during Childhood

Early diagnosis and treatment are imperative
because fracture healing is faster in the pediatric
population. Greenstick fractures are more common
because of the elasticity of young bones. If maloc-
clusion is present, MMF is necessary for 2 weeks,
followed by a soft diet for 2 additional weeks. In the
mixed-dentition phase, occlusal relationships can be
difficult to establish. Arch bar placement on decidu-
ous and partially erupted permanent teeth can be
less secure. Other wire fixation techniques that can
be used are acrylic splints and circummandibular,
circumzygomatic, infraorbital, and piriform sinus
wires.

ORIF for displaced fractures in a child is similar
to that in an adult. Smaller plate sizes (1.3 to 
1.5 mm) can be used, depending on jaw size. Mono-
cortical screws 3 to 5 mm in length are used to avoid
injury to the tooth buds. The miniplates and screws
should be removed after healing is complete in 
3 to 4 months. Dense fibrous tissue can envelop 
the hardware and may interfere with later bone
growth. Resorbable systems are advantageous in
this respect and may be a better alternative in the
future.

The condyle is a mandibular growth center in
children. Injury to the mandible can lead to TMJ
ankylosis or mandibular growth disturbances, or 
to both. When growth is disturbed, the resultant
deformity is inversely related to the age of the child.
Children with condylar and subcondylar injuries
should be monitored until they reach skeletal 
maturity. These fractures are treated by closed
reduction and MMF for 2 weeks, followed by early
mobilization. Open reduction is not recommended
because of the risk of condylar devascularization.
Physical therapy for young children involves activi-
ties designed to improve mandibular range of
motion.

Edentulous Mandible

An edentulous mandible is structurally weaker than
a dentulous one. With tooth loss, there is resorption
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of bone along the alveolar ridge together with loss
of strength and vertical height. Splints can be fab-
ricated to establish the proper vertical height, and
MMF can be achieved with circummandibular wires
or MMF screws. If the patient’s dentures are avail-
able, they can be used to establish the jaw relation-
ships and MMF can be applied. The degree of
displacement of the fractures guides the treatment
modality. Minimally displaced fractures are treated
with a soft diet and close observation. Displaced 
or highly mobile fragments must undergo ORIF.
During dissection, periosteal stripping is minimized
because the subperiosteal plexus is a major source
of blood supply to the edentulous mandible. A single
2.4- to 2.7-mm compression plate with bicortical
screws is placed along the inferior border. Primary
bone grafting should be performed if a bony defect
is present at the fracture site.

Postoperative Care

Factors that affect the patient’s postoperative
regimen include the anatomy of the fracture, the
quality of rigid fixation, and the compliance of the
patient. Longer periods of MMF may be required 
if bicortical screw fixation cannot be achieved or
smaller plates are used. Details of postoperative
care are listed in Table 1.

Complications

Complications specific to repair of mandibular frac-
tures include infection, malocclusion, facial nerve
injury, nonunion (fibrous union), and TMJ ankylosis
and trismus. Abscesses need to be drained, cultured,
and treated with antibiotics. Facial cellulitis that
progresses or does not improve with antibiotic

therapy is an indication to débride the fracture site
and remove the hardware. Whenever possible, the
hardware should be retained for 6 to 8 weeks to
produce bony union. If infection develops after 
bony union has occurred, the hardware should be
removed at the time of drainage and débridement.

Postoperative malocclusion can occasionally be
improved with secondary orthodontic therapy. If
facial asymmetry is present, however, secondary
mandibular reconstruction is probably necessary.
Hypoesthesia in the distribution of the mental nerve
usually resolves over a period of several weeks but
may take several months. Physical therapy for the
TMJ is important in attaining adequate jaw
opening.

Pearls and Pitfalls

• When establishing preinjury occlusion,
examine the displaced fragments for lingual/
buccal canting and for small posterior open
bites.

• Slight overbending of the plates is recom-
mended to prevent splay at the lingual cortex
of the fracture when the plate is seated against
the buccal cortex by the screws.

• Release MMF before closure of the incision.
Check jaw opening/closing to ensure that the
condyles are seated properly in their fossae.
Seating can be a problem with comminuted
ramus, angle, and body fractures.

• Make certain that an arch bar or second plate
spans the upper aspect of the fracture and func-
tions as a tension band.

• Dental models and splints assist in establish-
ing the occlusion and maintaining stability in
complex fractures.

• Use “training” elastics—a single dental elastic
on each side—to guide the jaw during excursion
postoperatively. Elastics counteract the pull of
the pterygoid and masseter muscles and can
treat and possibly prevent later development of
mandibular deviation with jaw excursion.

• When treating fractures by internal or external
fixation, use elastics for postoperative MMF.
Elastics are safer than wires if an airway emer-
gency develops. Wires are useful for intraoper-
ative MMF and for fractures treated by MMF
alone.
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TABLE 1 Postoperative Care

Diet (while in MMF): Full liquid, high-protein diet with
high-calorie supplements

Oral hygiene: Half-strength chlorhexidine gluconate
mouthwash three times a day and after meals

Antibiotics: A 7-day course (perioperative:
ampicillin/sulbactam IV; postoperative:
ampicillin/clavulanate elixir)

MMF: Assess weekly and tighten as necessary
After MMF removal: Soft diet with or without guiding

elastics for 2 weeks. Advance to regular diet
Follow-up: Weekly to assess patient comfort,

occlusion, nerve sensation, oral hygiene, and any
signs of jaw locking and/or popping.

MMF, maxillomandibular fixation.
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Although pediatric facial injuries represent only a
small percentage of all facial trauma, they are
unique and challenging problems. Pediatric facial
injuries differ from those in adults with respect to
fracture patterns, influence of the injury and treat-
ment on future facial growth, evolving dental rela-
tionships, and bony remodeling. Anatomic growth
and ossification proceed from the skull to the
midface and finally to the mandible. The paranasal
sinuses aerate and the permanent dentition erupts,
thereby further altering the size, proportion, and
strength of the facial skeleton. Such anatomic
changes influence the patterns of injury and the
goals of treatment.

Etiopathogenesis

It is rare for a child younger than 5 years to sustain
a facial fracture, and as puberty approaches, the
incidence and patterns of facial fracture resemble
those in the adult population. Children younger
than 5 years reside with adults in a protected envi-
ronment and have little independence and only
gentle interaction with their peers. Injury in this
age group is most often the result of motor vehicle
accidents, falls, or abuse. In the 5- to 10-year-old age
group, children enter school and participate in
sports. Their activities, such as skate boarding and
bicycling, are less supervised. With behavioral dif-
ferences in play and social interactions, the inci-
dence of fractures increases and tends to peak near
the age of 10 years in the male population. Auto-
mobile accidents (passenger or pedestrian/cyclist)
are the most frequent mechanism. Penetrating
injury also begins to appear in this age group. The
advent of the air bag has certainly reduced mortal-
ity for adult patients, but its effects on children can
be catastrophic. However, appropriately restrained,
back seat pediatric passengers sustain significantly
less facial trauma during automobile accidents. As
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the child progresses into adolescence and becomes
the driver of the car or the wielder of the weapon,
an adult mechanism of trauma predominates.

Pathologic Anatomy

Facial skeletal injury is usually discussed in terms
of three large regions—skull/frontal sinus, midface,
and mandible—and the vertical/horizontal buttress
systems that support them. This anatomic structure
in the adult face results from differential growth
during childhood. The skull or cranial vault domi-
nates the pediatric face. At birth, the skull-to-face
ratio is 8:1. The skull grows rapidly during the first
2 years of life. However, as the face grows, the skull-
to-face ratio approaches 2:1 in adulthood. Facial
growth is rapid from 4 to 7 years and includes 
aeration of sinuses and mineralization of bones. The
infant’s nasal cavity is small, as are the paranasal
and frontal sinuses. In addition, the small maxillary
sinus is strengthened by the presence of tooth buds.
The maxillary sinus grows with the midface and
reaches its adult size only when the permanent 
dentition erupts. Thus, the short, elastic face of an
infant elongates to become the pillared, hollow
structure of adolescence and adulthood.

Mandibular growth begins in the first branchial
arch but proceeds with constant remodeling. Alveo-
lar bone is added as the teeth develop. Endochon-
dral ossification at the condyle is responsible for
downward and forward growth of the mandible.
Facial growth is a complex, dynamic process with
many functional and anatomic interactions that are
each dependent on the other. A mechanism to control
this process, however, is not clear. Consequently,
predicting alterations in growth resulting from
trauma or the techniques used to repair injury
remains difficult. Malunited fractures, however, con-
tinue their growth in abnormal positions, and the
facial disturbances worsen with time.
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Diagnostic Studies

Diagnosis of pediatric facial fractures can be diffi-
cult if one does not maintain a high index of suspi-
cion for such injuries. The historical details of the
injury are often unavailable, and in addition, clini-
cal examination of an injured child can be difficult.
As with any patient, the physical examination pro-
ceeds in an orderly fashion with observation and
palpation of all involved areas. The presence of
injured teeth is an indication of underlying bony
injury. Neurosurgical and ophthalmologic consulta-
tion should be liberally applied because of the high
incidence of associated injuries.

With the possible exception of the Panorex radi-
ograph, plain film radiographs of the facial skeleton
are not helpful in pediatric trauma patients. Due to
the absence of aerated sinuses and a larger per-
centage of cancellous bone in children, plain radio-
graphs have a high false-negative rate. The newer
generation of computed tomographic (CT) scanners
is fast and offers exceptional resolution. A non–
contrast-enhanced CT study that includes the max-
illofacial skeleton also affords the ability to image
the brain and the upper cervical vertebrae.

Treatment Methods—Regional
Approaches

Treatment methods for managing adult facial frac-
tures include early intervention, wide exposure of all
fracture elements, anatomic reduction with rigid 
fixation, and the use of early bone grafts. These 
principles must be carefully applied to pediatric
patients. There is certainly a role for conservative
management of carefully selected pediatric injuries.
Fractures can often be “greenstick”-type injuries
because of the cartilaginous nature of the immature
skeleton. After appropriate reduction, they may
require only one-point miniplate fixation rather
than the traditional rigid, multipoint fixation as
required in adults.

Fixation itself can be problematic in pediatric
patients because of concerns of plate migration and
growth limitation. When internal fixation has been
used, interval removal has been advocated; however,
the judicious use of rigid internal fixation has 
not been significantly problematic. Bioabsorbable
plating materials have been introduced and
accepted in craniofacial surgery, and experimental
investigations with absorbable fixation systems are
continuing in trauma patients. Polymers of polylac-
tic acid, polyglycolic acid, or a combination are most
prevalent. In pediatric patients with significant
growth potential, absorbable plating systems may
be advantageous.

The fracture patterns unique to pediatric patients
are addressed according to their regional distribution.

Frontal-Orbital-Zygomatic Fractures

Fractures of the orbitozygomatic region are rare in
children, and the type of fracture pattern is age
related. The maxillary sinus has yet to develop, and
the adult dentition waiting to erupt adds extra
strength to the bone. In addition, the relatively large
size of the skull in comparison to the face of a child
also increases the number of skull fractures. 

In younger children, trauma to the orbital soft
tissues is more likely to produce an orbital roof frac-
ture, whereas in the older pediatric population, as
in adults, the same mechanism generates a floor
blowout fracture into the aerated maxillary sinus.
Before the age of 7 years, pressure near the orbital
rim or forehead is transmitted to the orbital roof,
whereas after the age of 7, when the sinuses have
aerated, force is transmitted to the orbital floor.

When the orbital roof is fractured, the pulsatile
pressure of the central nervous system is transmit-
ted into the globe. On physical examination, the
patient often demonstrates vertical dystopia and
exophthalmos. Hypoesthesia of the supraorbital
nerve is common. CT scans in both the axial and
coronal views assist in the diagnosis and are also
essential to define any underlying brain injury.

Orbital roof fractures in children are unique
injuries and often occur without concomitant facial
fractures. Orbital roof fractures can be grouped into
those that are displaced and those that are not.
Fractures that are displaced move either into the
cranial vault or into the orbit. It has been reported
that between 50% and 90% of orbital roof fractures
are not displaced. Conservative management is
appropriate. However, accurate reduction of a dis-
placed orbital roof fracture is essential to prevent
malunion and future orbital asymmetry. In a young
child, displaced orbital fractures remodel and
flatten. Downward pressure on the globe is trans-
ferred to the growing skeleton, thereby creating true
orbital dystopia (Fig. 1). Untreated fractures also
have a tendency for the development of an associ-
ated encephalocele. When this occurs elsewhere on
the skull and is associated with a dural injury, it has
been termed a “growing” skull fracture.

Exposure for reduction is accomplished through a
coronal incision, and reduction of the fracture seg-
ments frequently requires an intracranial approach.
Rigid fixation is applied, and if comminuted seg-
ments are present, the roof is bone-grafted to stable
segments. Care is taken to reestablish the curved
nature of the roof with molded split calvarial bone
grafts. This maneuver is essential to maintain
orbital volume and to isolate the anterior cranial
fossa, as well as its deformational forces, from the
growing orbit.

In patients older than 7 years, the pathophysiol-
ogy of the orbital blowout fracture mirrors that seen
in adults. Treatment plans are dictated by accurate
diagnosis. Injuries necessitating surgical repair are
divided into those in need of emergent, urgent, or
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delayed treatment. The findings of diplopia in
central gaze, early enophthalmos, or muscle entrap-
ment mandate earlier repair. Ophthalmologic exam-
ination should document a forced duction test when
muscle entrapment is suspected.

Unique to the pediatric population is the orbital
floor “trapdoor” fracture. This injury is often the
result of low-velocity injury and has also been called
the “white eye” blowout fracture. It is accepted that
young bones respond to traumatic force with more
elasticity than do those of adults. Consequently,
transmission of deformational forces to the floor of
the orbit in a child produces transient displacement
of the bony floor (Fig. 2), and the orbital contents
can herniate through the defect. As the elastic bone
recoils from its trauma, the orbital floor springs back
into its natural position and traps the herniated
orbital contents. Such entrapped structures sustain
ischemic injury and fibrosis. Emergency surgical
release is essential to regain complete ocular 
motility.

CT scanning can assist with this diagnosis
because the entrapped ocular muscle can be seen
within the maxillary sinus, below an apparently
intact orbital floor (Fig. 3). In addition, sagittal
reconstructed views provide information regarding
the location of the blowout fracture with respect to
the axis of the globe. Floor fractures posterior to the
globe have a higher incidence of delayed enophthal-
mos, and one should maintain a low threshold for
surgical intervention.

The surgical approach to the orbit is similar to
that in adults. Every attempt is made to use a
transconjunctival approach. The herniated contents

are reduced into the orbit, and if possible, the floor
is reconstructed with autogenous bone graft. The
graft is stabilized with a wire or a lag screw; allo-
plastic material is avoided. If a “trapdoor” injury 
is suspected, the herniated contents are gently
approached with a small rongeur or bone punch. In
effect, the floor defect is enlarged to free the soft
tissues so that they are not further damaged by the
blunt trauma of pulling them through the closed
“door.” The created floor defect is repaired with au-
togenous bone graft. For small defects, a pericranial
shave graft is used.

Isolated zygomatic fractures are rare in children.
The large force required to injure this bone often
results in fracture-dislocation of the zygoma. Treat-

A B

Figure 1 • A, Delayed manifestation of an untreated orbital roof fracture. Notice the true orbital dystopia. B, Three-dimensional com-
puted tomography of the same patient demonstrating the flattened, remodeled orbital roof and bony orbital dystopia.

Rim during
impact

Rim after
impact

Figure 2 • Schematic representation of a “trapdoor” frac-
ture. As the elastic orbital floor recoils, the herniated rectus
muscle and fat are trapped.
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ment of this injury is similar to that in adults.
However, given the rapidity of bone healing in chil-
dren, early intervention is essential. Unlike the 
situation in adults, attempts to mobilize a partially
healed zygoma fracture in a child can result in new
fracture lines.

Midface Fractures

DOG BITES. Dog bites are a significant health care
problem. Although facial dog bites often result in
various soft tissue injuries, a few cases are associ-
ated with facial fractures. Facial fractures are com-
monly not even suspected by the medical personnel
initially caring for dog bite injuries. Fractures asso-
ciated with dog bites have occurred predominantly
in the orbital, nasal, and maxillary regions of the
midfacial skeleton. These areas of facial fracture
correspond to the most frequent sites of soft tissue
dog bite injury. The nose, lips, and cheeks have 
been designated the “central target area” and are
the most common structures damaged by facial 
dog bites.

Management focuses on prevention of infection
and repair of skeletal and soft tissue deformities.
Although these fractures are caused by a contami-
nated mechanism, a dog bite, the actual technique
of repair should not differ. The stability afforded by
rigid fixation has been shown to improve rates of
bony union and decrease rates of infection.

Although facial fractures as a result of dog bites
are not common, they should be actively excluded in

any young child with dog bite injuries to the head
or midface. As for other suspected bony injuries, a
CT scan is the diagnostic tool of choice. The index of
suspicion for a fracture should be especially raised
when large breeds of dogs capable of crush-type
injuries are involved.

LEFORT FRACTURE PATTERNS. Midface fractures
in children are rare and account for only 0.5% of all
facial fractures in this population (Fig. 4). In fact,
LeFort I level fractures are rarely seen until after
the age of 10 years when the maxillary sinus has
aerated and the permanent teeth have erupted.

Traumatic forces dissipate across the pediatric
skeleton by following the path of least resistance,
which often results in a unilateral LeFort injury
with a palatal split because the palatal suture is late
in ossifying. Fractures tend to be oblique and pass
around unerupted teeth and through foramina or
open sutures.

Exposure techniques are the same for children as
for adults. However, the timing of dental develop-
ment and eruption complicates the application of
rigid fixation. Occlusion is first established with the
assistance of acrylic splints secured with circum-
mandibular and piriform aperture wires. Rigid fixa-
tion can proceed with miniplates applied along the
buttresses. Recently, resorbable plating systems
have also been used.

Pediatric fractures heal rapidly, and maxillo-
mandibular fixation may be removed sooner than in
adult patients. However, it also accentuates the

A B

Figure 3 • A, Computed tomographic examination demonstrates the herniated fat and muscle trapped beneath an apparently intact
orbital floor. B, The eye often shows little signs of injury. However, the inferior rectus muscle is clearly impaired.
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need for prompt CT diagnosis and early surgical
intervention to prevent malunion. As discussed with
zygomatic fractures, it is difficult to remobilize a
partially healed fracture in the pediatric population,
and attempts to do so can produce new and differ-
ent fracture patterns.

NASAL-ORBITAL-ETHMOIDAL FRACTURES. As in
adult patients, nasal fractures occur frequently in
children. The nose of a child is proportionally more
cartilaginous than that of an adult; consequently,
radiographic examination is unreliable, and nasal
fractures can go undiagnosed. It may be that unrec-
ognized nasal fractures are responsible for later
nasal deviation or contour irregularity that appears
to have no other cause.

Treatment of nasal fractures in children is similar
to that in adults. The septum must be carefully eval-
uated for the presence of hematoma. Drainage 
is accomplished with an L-shaped incision in a
dependent position. Transseptal quilting stitches
are placed to prevent the reaccumulation of blood.
Under general anesthesia, the bony pyramid is
reduced by using an elevator placed within the nasal
vault, and the outfractured bones are remodeled by
palpation. The nose is packed with Vaseline gauze
and a splint is applied. The packing is removed
within 72 hours.

When the traumatic force is severe, as in motor
vehicle accidents or large animal kicks, the bony
structures of the nose may be impacted into the
frontal sinus, if developed, and along the medial
orbital walls into the interorbital space. Other
oblique fracture extensions are often present. The

nasal pyramid appears flat, the intercanthal dis-
tance is widened, and the nasal tip is elevated. Peri-
orbital hematomas are often present bilaterally, and 
cerebrospinal fluid rhinorrhea can be observed.
Detailed physical examination and high-level clini-
cal suspicion lead to early CT confirmation of the
nasal-orbital-ethmoidal fracture and prompt surgi-
cal reduction.

Management varies little from that in adult
patients. The majority of nasal-orbital-ethmoidal
fractures in children are large-segment injuries with
the medial canthal tendon firmly attached to its
central bone. This finding facilitates rigid fixation
with microplates or resorbable plates. Fixation fre-
quently extends from the frontal bone to the inferior
orbital rim and piriform aperture buttress. The but-
tress may need to be exposed through an upper
buccal sulcus incision. In severe injuries, a split cal-
varial bone graft or primary rib graft is cantilevered
from the glabella to provide support for the nasal
dorsum and soft tissues (Fig. 5).

One of the most confounding issues involving
pediatric facial fractures is that of growth. The
midface growth pattern requires a complex inter-
action of bone deposition and resorption in the pres-
ence of masticatory forces and sinus aeration. Even
with appropriate treatment, traumatic disruption of
these interactions can lead to facial deformity. Sim-
ilarly, the lack of precise anatomic reduction can
result in malunion, and the future growth of malu-
nited bones can also produce facial deformity. The
unpredictable nature of facial growth after trauma
should be emphasized to the family members pre-
operatively (Fig. 6).

A B

Figure 4 • A, A young girl was examined after being kicked by a horse. The periorbital ecchymosis and malocclusion indicated the
severity of her injury. B, Enophthalmos is apparent.
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Dentoalveolar and Mandibular
Fractures

Mandible fractures are the most common pediatric
facial fractures, and it has been reported that they
account for as many as 41% of all pediatric fractures.
Treatment modalities and concerns regarding
growth disturbances can be discussed with reference
to three specific anatomic injury sites: alveolus,
angle/body/ramus, and condyle.

ALVEOLAR FRACTURES. Fractures of the teeth
and alveolar bone are frequent in children. Maxil-

lary injury occurs early, as the child is learning 
to walk and is prone to frequent falls, whereas
mandibular injury occurs later in development.
Treatment options vary depending on whether the
injury occurred to permanent or deciduous denti-
tion. Children younger than 3 years have incomplete
development of the deciduous tooth roots. Conse-
quently, fractured or even avulsed teeth can often
survive if supported with bracketed orthodontics.
Dental impressions can be taken under anesthesia
and a splint fabricated for adequate support.
Because the time from injury to stabilization can
affect tooth survival, these injuries require prompt
attention.

Teeth impacted into the maxilla by trauma are
managed expectantly. Although some injury to the
underlying tooth buds may have occurred, impacted
deciduous teeth can reerupt, and dental develop-
ment may proceed. As the child ages, injury to the
deciduous teeth or permanent teeth is more likely to
produce tooth loss. Similar prompt stabilization of
the segments with bracketed orthodontic appliances
or acrylic splints is appropriate. Fractured tooth
crowns should be treated with dental protection and
restoration.

ANGLE/BODY/RAMUS FRACTURES. The anatomic
distribution of mandibular fractures changes with
age. Children younger than 6 years experience
almost only dentoalveolar fractures. Condylar frac-
tures first predominate and are discussed in the
next section. Condylar fractures become surpassed

A B

Figure 6 • A, Ten years after a severe midface injury and open reduction/fixation. B, Inferior
view demonstrating adequate zygomatic projection and no significant enophthalmos.

Figure 5 • Nasal support was achieved with a costochondral
rib graft and columellar strut.
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by body and angle fractures as the child becomes
older. The characteristics of fracture patterns also
change with age. Before the eruption of permanent
dentition, irregular greenstick patterns are
common. The elastic, cartilaginous bone is occupied
by developing tooth follicles, and this type of
anatomic geography influences fracture lines and
the application of internal rigid fixation.

Treatment goals are the same for children as for
adults. However, the varying stages of dental devel-
opment complicate treatment. If the fracture pat-
terns are incomplete and the child maintains the
premorbid occlusion, conservative therapy is ade-
quate. A soft diet is maintained for approximately 2
weeks. The rapidity of bony healing in a child may
allow for a shorter therapeutic course. However,
when the fracture segment is comminuted or dis-
placed or the premorbid occlusion is not maintained,
rigid stabilization is required.

Maxillomandibular fixation and internal rigid fix-
ation of the mandible vary greatly with the age of
the patient. For an adolescent with permanent 
dentition, arch bars and internal fixation may be
applied as in an adult. However, the teeth cannot 
be used adequately for fixation during the stage of
mixed dentition or before eruption of the permanent
dentition. During this developmental stage, skeletal
wires are required to support maxillomandibular
fixation. Circummandibular wire loops (26 gauge)
are placed and connected to wire loops through 
the nasal spine or lateral piriform aperture. An
occlusal splint may also be used. Circumzygomatic
or orbital rim wires are avoided in young patients
because they can cut through the cartilaginous
structure.

Internal reduction with fixation of the fracture
proceeds through an intraoral approach. Miniplates
or microplates must be placed at the farthest infe-
rior border of the mandible to avoid injury to
unerupted tooth buds. Subtle degrees of malocclu-
sion are tolerated in children because of the adap-
tive remodeling associated with the eruption of
permanent dentition and masticatory forces, espe-
cially in children younger than 4 years.

CONDYLE FRACTURES. Management of condylar
fractures continues to be debated. Controversies
center around the impact of trauma and surgical
repair on growth and the lack of long-term studies
to document outcomes. For classification, condylar
fractures are grouped as either intracapsular or
extracapsular.

Intracapsular fractures or crush injuries occur in
younger children. During the first 3 years of life, the
condyle is short and conical. This type of anatomy
protects it from fracture but increases the frequency
of intracapsular crush injury. It is this population of
patients sustaining crush injuries who are the most
prone to growth abnormalities. Although the carti-
lage of the condylar head may not be a primary
growth center for the mandible, it does grow in

concert with other facial bones. Any alteration in
normal function and development can change the
interrelated growth of the face and produce internal
joint derangement or mandibular deformity. Conse-
quently, maintaining normal function is of primary
importance. After a brief period of rest and soft diet,
active physiotherapy is instituted with a liberal pre-
scription of chewing gum!

Extracapsular condylar fractures often involve
the condylar neck. It is not uncommon in older chil-
dren to observe a unilateral condylar neck fracture
associated with a contralateral parasymphyseal
fracture. Similarly, bilateral condylar fractures
occur after a fall or other impact on the center of the
chin. The pull of the lateral pterygoid frequently
angles the condylar segment medially. When the
condylar head remains in the fossa and the premor-
bid occlusion is maintained, conservative manage-
ment is preferred. A brief period (7 days) of
maxillomandibular fixation is instituted, followed
by active range-of-motion exercises.

When the condylar head is dislocated from the
fossa or normal occlusal relationships cannot be
established, open surgical reduction is required
because dislocated fractures will not “remodel” 
sufficiently to provide normal function. Access to 
the condylar neck is achieved via a preauricular
approach. Dissection is carried out along the carti-
lage of the external auditory canal so that the
parotid and facial nerve branches are mobilized
anteriorly. The joint capsule is exposed, and the 
fractured, displaced condylar neck is identified.
Reduction involves both lateral traction and ex-
ternal rotation. Fixation is achieved with a mini-
plate whenever possible, and physiotherapy is
instituted.

The condyle should also be opened and surgically
repaired when penetrating injuries are associated
with bone loss and retained foreign bodies. Tech-
niques originally used in adults are applied. There
are many options for the treatment of penetrating
condylar injuries. The temporomandibular joint
may be replaced with an autogenous costochondral
rib graft. If possible, preserving the articular carti-
lage during the initial débridement permits the
patient to maintain a functional upper joint space
within which the rib graft can rotate and translate.

Postoperative Care

For children, the postoperative management of
facial fractures is primarily supportive. Anticipated
edema can leave children unable to open their eyes
for 48 to 72 hours. Intraoral hygiene is maintained
by frequent rinsing with a solution combining equal
parts water, hydrogen peroxide, and mint mouth-
wash. Eyes are rinsed with a balanced salt solution,
and supportive Frost sutures, if placed, are removed
at 72 hours.
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Pearls and Pitfalls

• Pediatric facial fractures are relatively 
uncommon.

• Legislative advances requiring infant or car
seat restraint have significantly lowered the
impact of automobile accidents.

• When injuries occur, there are many issues
that separate the care of facial fractures in chil-
dren from those in adults. The unique anatomy
of the pediatric craniofacial skeleton produces
different fracture patterns than in their adult
counterparts. The orbital roof and the orbital
trapdoor patterns are clear examples. The
presence of developing teeth alters the pattern
of midface fractures such that they stray from
the expected LeFort classifications.

• Any injury to the craniofacial skeleton may
alter growth. Displaced fractures that are not
anatomically reduced may produce deformities
that are progressive. These deformities are
often accentuated with growth, for example, an
unrepaired orbital roof fracture. In contrast,
displaced fractures that are reduced and stabi-
lized by standard exposure and rigid fixation
usually maintain normal growth potential.
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This chapter provides an overview of the surgical
treatment of patients with posttraumatic orbital
deformities. This subject includes a wide variety of
pathology, often in patients with a history of one or
more previous operations.

Etiopathogenesis

Posttraumatic orbital deformities occur in patients
without a history of primary treatment of orbital
fractures or in patients with a history of primary
treatment but without restoration of normal
anatomy. In the ideal situation, a patient receives
primary treatment from a surgeon who is experi-
enced with a number of surgical approaches to
reconstruction of the craniofacial skeleton, including
the use of autogenous bone grafts.

Principles of Primary Care to Avoid
Posttraumatic Deformities

TIMING. Patients with major facial injuries often
have associated cranial or cervical spine injuries.
However, unless administration of a general anes-
thetic would put the patient at significant clinical
risk, the best results are obtained with prompt
treatment. Delay invites the development of fibrosis
and contracture and precludes optimal anatomic
restoration. Nonanatomic treatment adds scar and
makes definitive treatment even more difficult.

SURGICAL EXPOSURE. Major panfacial fractures
often require a coronal incision for exposure of the
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upper part of the orbits and zygomatic arches 
(Fig. 1); however, a coronal incision may not be
required for orbitozygomatic fractures if the zygo-
matic arch is not comminuted. An isolated orbitozy-
gomatic fracture can be adequately approached
through the lateral extent of an upper eyelid (bleph-
aroplasty) incision (to access a frontozygomatic 
fracture), an upper buccal sulcus incision (to access
a zygomaticomaxillary fracture; Fig. 1), and a lower
eyelid incision (to access an infraorbital rim frac-
ture). A subciliary (transcutaneous) incision is asso-
ciated with a high incidence of lower lid retraction
and should be avoided. A subtarsal incision made 
5 mm lower in an eyelid crease (below the tarsus)
gives a satisfactory aesthetic result with a lower
incidence of lid retraction. A transconjunctival inci-
sion alone provides adequate exposure of the orbital
floor and can be used in patients with blowout frac-
tures. If the infraorbital rim is comminuted and
plating with multiple screws is required, exposure
through a conjunctival approach often requires the
inclusion of a lateral canthotomy.

PROPER FRACTURE REDUCTION. Reduction of 
the fracture segments is dependent on adequate 
surgical exposure. A coronal incision, for example,
exposes the lateral orbital wall, which has to be
aligned perfectly for proper fracture reduction. If a
fracture cannot be reduced, all measures, including
osteotomies, must be performed before fixation.

CHOICE OF MATERIAL FOR ORBITAL FLOOR
RECONSTRUCTION. Primary autogenous bone
grafts are the material of choice for orbital floor
reconstruction. Primary bone grafts consolidate
with the patient’s native bone and do not undergo
late infection or extrusion. Less scar forms over a
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bone graft than over an alloplastic implant and
allows for better eye movement. If reexploration of
the orbit is required at a later date, it is easy to
elevate the thin neoperiosteum, in contrast to the
difficulty encountered when dissecting an orbital
floor in which an implant is present, particularly one
that is perforated.

Pathologic Anatomy

Skeletal deformities may include defects or dis-
placement of any of the four walls of the orbit. The
external framework of the orbit may have been well
aligned and fixated, but persistent defects in por-
tions of the internal orbit can cause enophthalmos
or other abnormalities in globe position (hyper-
globus and hypoglobus). The nose may have been
fractured with a depressed bridge, deviation, or 
foreshortening.

Soft tissue abnormalities may include telecan-
thus (increased distance between the medial
canthi); canthal malposition; eyelid malposition,
including lower lid retraction or ectropion; upper
eyelid ptosis; or injuries or missing portions of any
of these structures. The globe itself may have been
damaged, with resultant loss of light perception or
pupillary constriction, and corneal scarring, post-
traumatic cataracts, or glaucoma may be present. 
If damage or scarring involving the extraocular
muscles has occurred, there may be diplopia.

Interruption leading to malfunction of the naso-
lacrimal apparatus is common.

Preoperative Evaluation and
Diagnostic Studies

Physical examination is important and includes pal-
pation and observation of eyelid/canthal/eye position
and eye movement. A funduscopic, slit lamp exami-
nation and the Schirmer test are best performed by
an ophthalmologist. Patency of the lacrimal system
can be demonstrated by passage of dye from the con-
junctival cul-de-sac into the nasal cavity.

A computed tomographic (CT) scan is the most
valuable imaging study; plain radiographs are not
indicated because CT scans provide superior visual-
ization of the bony orbit and its contents. Axial and
coronal views are routine, and sagittal views should
be obtained to assess the contour of the orbital floor.
Three-dimensional scans provide a view of displaced
larger structures, such as the body of the zygoma,
but one can usually obtain more precise information
from two-dimensional images. Magnetic resonance
imaging provides further information about the
brain and intraorbital soft tissue structures, but it
does not visualize bone well.

Reconstructive Goals

Reconstruction should result in a normal periorbital
appearance with optimal function of the affected
eye. Fractures should be reduced and missing struc-
tures replaced with similar tissue material.

A B

Figure 1 • A, Malunited right zygomatic complex fracture. Inferior displacement of the cheek and enophthalmos are present in addi-
tion to scar retraction of the lower lid. B, The patient underwent corrective osteotomy of the zygomatic complex with accurate reduc-
tion through a combined coronal, intraoral, and transconjunctival/lateral canthotomy approach. The zygomatic complex was reduced and
the lower eyelid repositioned.
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Treatment

Skeletal Deformities

Preoperative CT scans detail the anatomic areas
that require correction. Defects of the orbital floor,
with or without an implant and without displace-
ment of the outer orbital framework, can be ap-
proached through a lower eyelid incision alone.

If there is a significant defect in the medial orbital
wall or a displaced zygoma, a coronal and, often, 
an intraoral incision is preferred. Dissection of the
orbit must be circumferential and extended into the
depths of the orbit as far as normal, nondisplaced
bone (the “shelf”). In most posttraumatic orbits, dis-
section farther than 38 mm from the infraorbital rim
along the orbital floor is not required (the optic
foramen is usually found at approximately 42 mm).
The optic nerve is at greatest risk during dissection
of the medial orbital wall; one can coagulate the
anterior ethmoidal vessels, which are only several
millimeters from the optic canal. After the posterior,
nondisplaced bone is identified, an autogenous bone
graft should be placed so that it rests on top of the
ledge or shelf of bone posteriorly. It should be fixed
on its anterior aspect to the orbital rim with either
plates or wires.

If skeletal structures are displaced, even mini-
mally, it is better to liberate and move them into
anatomic position (Kawamoto) than to correct the
deformities with onlay camouflaging grafts. Result-
ing defects of the internal orbit or anterior aspect of
the maxilla should be bone grafted; calvarial bone
grafts are the first choice, but iliac or rib grafts are
also satisfactory donor bones.

Enophthalmos

As one places bone grafts across internal orbital
defects to diminish orbital volume and correct post-
traumatic enophthalmos by projecting the globe, one
should be aware of any sudden changes in intraoc-
ular pressure (determined by simple digital palpa-
tion or a Schiøtz tonometer). If the globe suddenly
becomes much firmer on palpation, some of the 
bone graft should be removed because a prolonged
increase in intraocular pressure may result in visual
loss.

Medial Canthal
Deformities/Telecanthus

Medial canthal repositioning or canthopexy usually
requires identification of the medial canthal mecha-
nism through an external incision, complete mobi-
lization, and transnasal wiring by making a hole
with a piercing awl superior and posterior to the
lacrimal fossa. It is not generally possible to replace
a segment of bone with the tendon attached as 
one can in a primary operation. An onlay nasal 

bone graft also improves the contour of the medial
canthal area. If one uses a coronal approach, the
lateral canthal tendon should be repositioned to the
temporal aponeurosis. After extensive orbital dis-
section and bone grafting, the use of a symblepharon
(ocular) conformer may prevent chemosis of the con-
junctiva (Fig. 2).

Eyelid Ptosis and Extraocular 
Muscle Imbalance

Eyelid ptosis and extraocular muscle imbalance
should not be addressed until at least 6 months after
skeletal orbital surgery because there may be con-
siderable improvement attendant to the improve-
ment in orbital shape, volume, and globe position.
One should never attempt to correct upper eyelid
ptosis before the enophthalmos has been corrected
by reduction of orbital volume.

Postoperative Care

The most important examination after extensive
orbital surgery is that involving the function of the
eye. Dressings should not be placed over an operated
eye, and patients with sighted eyes should be
checked for visual acuity in the recovery room. In
the event of loss of light perception, the patient
should be returned immediately to the operating
room for removal of some of the bone grafts. In
patients with absence of light perception preopera-
tively, one does not need to check for visual acuity.

The use of cranial bone grafts for orbital surgery
has reduced the length of hospitalization because
there is less donor site morbidity. Passive drains are
placed in the temporal fossae after a coronal dissec-
tion, and they are removed the following day. A small
drain can be placed in the orbital cavity, particularly
in previously bone-grafted patients, to facilitate
egress of blood. Drains are removed the following
day. Antibiotics are given prophylactically; steroids
are not routinely used.

After extensive dissection through the lower
eyelid, it is wise to suspend the lower eyelid with a
lateral Frost suture by passing a 5–0 nylon suture
through the skin of the upper eyelid, exiting at 
the upper gray line, passing through the lower gray
line and tarsus, and returning through the upper
eyelid. The two ends of the suture are suspended 
to the brow with a short segment of Steri-Strip and
reflected downward; another Steri-Strip is applied
and the sutures are reflected upward for a final
Steri-Strip. The suspensory suture is removed after
4 to 6 days.

Patients with coronal incisions may shower and
gently wash their hair on the second postoperative
day.

When orbital floor bone grafts have been placed,
nose blowing should be avoided for the first month.
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A C

B D

Figure 2 • A and B, Telecanthus and nasal collapse after a naso-orbito-ethmoid fracture. C and D, The patient underwent a calvarial
bone graft to the nasal dorsum with transnasal wiring of the medial canthi.
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Complications

The most significant complication is loss of visual
acuity. It is presumed that venous pressure in the
orbit increases to the point that it affects the retinal
circulation. As mentioned earlier, the patient must
be returned to the operating room for exploration of
the orbit and removal of bone grafts.

Corneal damage may also occur; either corneal
protectors or a temporary tarsorrhaphy suture can
decrease the incidence of corneal injury.

Hematomas are unusual if the temporal fossa has
been properly drained postoperatively. Small TLS
drains placed in the orbital cavity may be helpful in
preventing intraorbital fluid collections, especially if
the orbit has been closed by previous bone grafting.

Infections are almost nonexistent in bone-grafted
orbits if an eye is present. Nasal bone grafts are
more vulnerable, particularly if the overlying tissue
cover or the underlying lining is of questionable
quality. If an infection does occur, and frequently it
may be several weeks before one is recognized,
intravenous antibiotics should be instituted and
adequate drainage provided. If exploration of the
wound is required, one can often wait 4 to 6 weeks.
At that time, all hardware and sequestered bone
should be removed.

Pearls and Pitfalls

• Orbital reconstruction should be undertaken
only by properly trained, experienced surgeons.

• Precisely conceptualize the anatomic deformity
(provided by preoperative imaging and ade-
quate dissection).

• Adequate surgical exposure along with satis-
factory lighting is mandatory.

• Retrieve herniated orbital contents from the
paranasal sinuses.

• Restore bony orbital volume and correct
contour deformities with bone grafts.

• Relocate a displaced zygoma by osteotomies.
• Achieve rigid fixation of the displaced 

segments.
• Use only autogenous bone grafts.
• Reattach medial and lateral canthal tendons.
• Provide adequate soft tissue cover.
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Facial aging is one of the most common reasons for
plastic surgical consultation. The increased use of
nonsurgical antiaging modalities has not resulted in
reliable improvement in many of the characteristic
aging changes, and therefore surgical lifting of the
face and brow remains the best solution for ptotic
facial tissues.

Etiopathogenesis

The process of facial aging represents a combination
of gravitational effects, atrophy, and aging of the
skin itself. Gravitational changes and atrophy yield
the characteristic changes shown in Figure 1.

Aging of the skin is manifested as fine wrinkles
and irregular pigmentation. At the histologic level,
cutaneous aging is characterized by flattening of the
dermal-epidermal junction, decreased number of
melanocytes and Langerhans cells, reduction in the
amount of glycosaminoglycan ground substance,
progressive dropout of elastic fibers, and diminution
in the total amount of collagen as well as the frac-
tion of type III collagen. Such histologic deteriora-
tion correlates with the following clinical findings:
thinning of the skin, decreased resistance to shear-
ing forces, reduced elasticity, immunologic changes,
and increased susceptibility to ultraviolet light and
cutaneous malignancies. Face and brow lifting, the
subject of this chapter, addresses only the effects of
gravity and atrophy, such as jowls and submental
excess. It has no effect on fine wrinkles or the quality
and texture of the skin. Cutaneous aging is treated
by chemical or resurfacing techniques, subjects
addressed in the earlier chapter “Cutaneous Resur-
facing and Fillers.”
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Pathologic Anatomy

All patients have individual aging patterns, but
certain characteristics are seen to varying degrees
in every patient (see Fig. 1), including the following:

1 Brow ptosis
2 Glabellar creases
3 Excess eyelid skin
4 Lower lid laxity
5 Tear trough deepening
6 Malar descent
7 Deepening nasolabial folds
8 Drooping nasal tip
9 Perioral wrinkles

10 Jowls
11 Platysmal bands
12 Loss of the cervicomental angle
13 Skin laxity

Diagnostic Studies

Patients seeking a face and brow lift are usually in
the fifth to seventh decade of life. Although most
patients are in good health, the importance of pre-
operative risk assessment for elective surgery in this
age group cannot be overstated. All patients should
have standard preoperative screening with a com-
plete history, physical examination, blood analysis,
and electrocardiogram (ECG). Patients with any
abnormalities, including a history of systemic
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Figure 1 • Characteristic facial aging. 1, Brow ptosis; 2, glabellar creases; 3, excess eyelid skin;
4, lower lid laxity; 5, tear trough deepening; 6, malar descent; 7, deepening nasolabial folds; 8, droop-
ing nasal tip; 9, perioral wrinkles; 10, jowls; 11, platysmal bands; 12, loss of the cervicomental angle
and skin laxity.
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medical problems (hypertension, diabetes, asthma,
heart disease, etc.), borderline hypertension found
at physical examination, or any abnormality on
ECG should obtain complete medical clearance
before surgery. It is also helpful to review all
patients with the anesthesiologist before surgery.
Stringent clearance not only helps to avoid unex-
pected complications but also promotes trust
between the plastic surgeon and patient.

All patients should undergo standardized preop-
erative photographs (frontal, right and left lateral,
three quarters, and clenched face views). The
clenched face view should highlight the platysma
bands and show a full smile with tightly closed eyes.
Photographic analysis aids in diagnosis of the patho-
logic and age-related features most concerning to
the patient and is an important tool for communi-
cating the goals of surgery. Photographs also provide
documentation of the preoperative condition, includ-
ing the degree of deformity, asymmetry, and facial
nerve status. Most patients have facial asymme-
tries, and some have preoperative paralysis of
certain facial muscles. Finally, photographs are also
used for comparison of the preoperative and post-
operative appearance.

Reconstructive Goals

The goal of any facial rejuvenation procedure is
restoration of a more youthful face and the charac-
teristic curves that are lost with age. Face and brow
lifts reverse only certain aspects of facial aging, and
thus the goals of a face and brow lift are specific.
The current trend is toward an emphasis on redis-
tribution of facial volume rather than tension, which
tends to flatten the desirable contours. The specific
goals of a face lift include the following:

1 Improvement in neck contour
2 Redistribution and excision of excess neck skin
3 Softening of the platysma bands
4 Defining the mandibular angle
5 Reduction of jowls
6 Elevation of the malar fat pad
7 Redistribution and excision of excess facial skin

with improvement in some of the deeper lines

The goals of a brow lift are to establish optimal
brow position. The ideal female brow anatomic 
criteria are as follows:

1 Medial pole of the brow on a perpendicular line
even with the alar base

2 Lateral pole of the brow on an oblique line
tangent to the lateral canthus and alar base

3 Medial and lateral poles of the brow on the
same horizontal level

4 Apex of the brow curvature even with the
lateral limbus

5 Apex of the brow 2 to 3 mm above the supra-
orbital rim

Ideal brow positioning in men is more difficult. A
man with the aforementioned criteria would appear
feminine. The male brow should lie at approxi-
mately the level of the rim and should be only
slightly arched.

Brow lifts are often sought for correction of trans-
verse forehead rhytides. The deep creases are fre-
quently the result of chronic frontalis contraction in
an effort to elevate a ptotic brow or upper eyelid. It
is important to identify and correct this condition to
have a long-term effect on these rhytides. A ptotic
brow is treated with a brow lift, but a ptotic upper
lid is not. The latter should be identified and
addressed via blepharoplasty or ptosis procedures
(or both).

Normal Anatomy

The anatomy that is relevant to the face and brow
is best conceptualized as a series of layers. The five
layers of critical anatomy are the skin, subcuta-
neous fat, superficial musculoaponeurotic system
(SMAS)/muscle layer, a thin layer of fascia, and the
facial nerve. These five layers are present in all
areas of the face and forehead, but they vary in
quality and thickness, depending on the anatomic
area. The third layer (SMAS) is the most heteroge-
neous. It is fibrous, muscular, or fatty, depending on
the location in the face. The muscles of facial expres-
sion are part of the SMAS layer (e.g., frontalis,
orbicularis oculi, zygomaticus major and minor, 
and platysma). In the temporal region, this layer is
represented by the superficial temporal (or tem-
poroparietal) fascia.

FACIAL NERVE. Dissection in the subcutaneous
plane, superficial to the SMAS/muscle layer, is safe
in all areas of the face and forehead because the
nerve branches innervate the respective facial
muscles on their deep surface. Dissection deep to the
SMAS, superficial to the facial nerve branches,
requires care.

There are three exceptions to the rule just men-
tioned: the buccinator, mentalis, and levator anguli
oris muscles are innervated via their superficial
surface and lie deep to the facial nerve. These
muscles, however, are not in danger during face lifts.
It is essential to note that although the facial nerve
branches are deep to the SMAS/muscle layer, at
some point the nerve fibers turn superficially to
innervate the facial muscles.

The frontal branch of the facial nerve consistently
travels deep to the superficial temporal fascia. Any
dissection in the sub-SMAS plane, whether as part
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of a composite rhytidectomy or standard dissection
of the SMAS as a separate layer, necessitates a
change in surgical planes at the zygomaticus major
muscle to avoid muscular denervation. Dissection
begins in the sub-SMAS plane, but rather than 
continuing in that plane deep to the zygomaticus
major, the dissection changes to a more superficial
plane and passes over the zygomaticus muscle. In this
manner the innervation to that muscle is preserved.

PAROTID-MASSETERIC FASCIA. The parotid-mas-
seteric fascia is a filmy, areolar layer between the
third layer of the face (the SMAS) and the fifth layer
(the facial nerve branches). This thin, transparent
layer lies immediately on the surface of the facial
nerve branches anterior to the parotid gland. In the
neck, this layer is similar in quality and is known
as the superficial cervical fascia. If one elevates the
platysma muscle, the marginal mandibular nerve
can be seen through this thin, transparent layer. An
analogous layer exists in the temporal region and
scalp, where it is known as the innominate fascia or
the subgaleal fascia. Just as it is convenient to think
of the galea–frontalis–temporoparietal fascia–
SMAS–orbicularis oculi–platysma layer as a single
layer, it is convenient to think of the subgaleal 
fascia–innominate fascia–parotid–masseteric fascia–
superficial cervical fascia as a single layer.

RETAINING LIGAMENTS. In at least two areas the
layers are condensed and less mobile with respect to
each other. These two “ligaments” are the zygomatic
and mandibular ligaments. They are important for
two reasons: first, they restrain the facial skin
against gravitational changes at these two points
and delineate structures such as the anterior border
of the jowl. Second, the ligaments must be surgically
released during a face lift to adequately redrape the
tissue distal to these points.

PLATYSMA. The platysma muscle has a medial
border that tends to become redundant with age and
contribute to the appearance of bands in the sub-
mental region. The medial borders of the two
platysma muscles decussate to a variable degree in
the midline of the neck.

MALAR FAT PAD. The malar fat pad is superficial
to the SMAS layer in the cheek. Other important
cheek structures include the zygomaticus major 
and minor muscles. The malar fat pad appears to
descend with age, and such descent leads to hollow-
ing out of the infraorbital region and deepening of
the nasolabial creases. Techniques have been
described to mobilize the malar fat pad to restore
volume to the upper part of the face. In the extended
SMAS technique, the fat pad can be mobilized in
continuity with the SMAS layer. The malar fat pad
has also been elevated independently of both the
SMAS layer and the skin to facilitate greater flexi-
bility in redraping. In addition, the malar fat pad

can be bluntly elevated with finger dissection
(finger-assisted malar elevation [FAME]) deep to the
orbicularis oculi such that it remains attached to the
skin flap. With this technique, the fat pad can be
repositioned during skin redraping.

GREAT AURICULAR NERVE. With the head turned
45 degrees to the contralateral side, the great auric-
ular nerve consistently crosses the superficial
surface of the sternocleidomastoid muscle approxi-
mately 6.5 cm below the caudal edge of the bony
external auditory canal at a position just posterior
to the external jugular vein. The vein and nerve are
deep to the SMAS/platysma layer, except where the
terminal branches of the great auricular nerve pass
superficially to provide sensibility to the skin of the
earlobe. Injury to the main trunk of the great auric-
ular nerve as it passes over the sternocleidomastoid
muscle may result in the development of a neuroma
or permanent hypoesthesia on the lower portion of
the ear.

BUCCAL FAT PAD. The buccal fat pad is deep to the
buccal branches of the facial nerve, anterior to the
masseter muscle, and superficial to the buccinator
muscle. Access to the buccal fat pad can be achieved
by performing sub-SMAS dissection and spreading
between the buccal branches of the facial nerve in
the cheek or, through the mouth, by a stab wound
in the buccinator muscle. Despite occasional indica-
tions to remove the fat pad, removal of cheek fat
tends to ultimately make the patient look older. As
a general rule, rejuvenation of the face involves
redistribution, not removal, of fat.

FOREHEAD. The frontalis muscles are vertically
oriented extensions of the galea that begin at the
level of the anterior hairline, extend inferiorly, and
insert into the dermis of the forehead skin. Trans-
verse forehead lines result from chronic frontalis
contraction. Innervation is provided by the frontal
branches of the facial nerve entering the muscle on
its deep surface, and loss of frontalis innervation
always results in brow ptosis on the affected side.

There is never a single frontal branch (temporal
branch) of the facial nerve, but rather multiple
branches (between two and five) that pass over the
zygomatic arch.

The corrugator muscles arise from the periosteum
along the superomedial orbital rim and insert into
the dermis of the medial aspect of the eyebrow. Con-
traction pulls the brow medially and downward,
thus producing a scowling appearance, and results
in vertical glabellar creases. The procerus muscles
originate from the surface of the upper lateral car-
tilage and nasal bones and insert into the skin in
the glabellar region. Contraction pulls the forehead
down and the root of the nasal skin up, thereby
causing transverse wrinkles at the root of the 
nose.
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Sensory innervation to the forehead is via the
supraorbital nerve, the supratrochlear nerve, and
the infratrochlear nerve, all branches arising from
the first division of the trigeminal nerve (V1). If the
corrugator muscle is approached through an upper
eyelid incision, the supratrochlear branches will be
encountered first when approaching the muscle
from its superficial surface. However, when per-
forming a coronal lift and approaching the corruga-
tor muscle from its deep surface, the supraorbital
nerve is encountered first and the supratrochlear
branches are visualized only after the corrugator
muscle is resected.

The frontal branches of the facial nerve emerge
from beneath the parotid gland on a line extending
from 0.5 cm below the tragus of the ear to a point
1.5 cm above the lateral aspect of the brow and pass
deep to the SMAS over the zygomatic arch.

Treatment

Face Lift

The incisions used for a classic face lift are illus-
trated in Figure 2. Approximately 10 minutes before
the first incision, half the face (and submental area
if a submental approach is planned) should be
injected for both hemostasis and hydrodissection.
Injection of 40 to 60 mL of 0.3% lidocaine with
1:300,000 epinephrine allows sufficient volume
while maintaining a dose within the limit of safety.

Depending on the position of the patient’s hair-
line, sideburn, and history of previous surgery, the

incision is initiated either a short distance above the
ear in the temporal aspect of the scalp or along 
the anterior temporal hairline. In patients with pre-
vious face lifts, the sideburn may already be signifi-
cantly raised and posteriorly displaced, and the final
skin excision associated with the temporal scalp
incision will move the sideburn posteriorly and
superiorly. In such situations, an anterior hairline
incision should be considered. These patients (i.e.,
those undergoing secondary lifts) are usually in the
seventh decade of life, and their thinner skin gen-
erally heals without noticeable scars, thus making
an anterior hairline incision acceptable. In both
cases, the horizontal incision at the new sideburn
level will set its height.

The incision proceeds caudally along the junction
of the ascending helix of the ear and the cheek. It
should be kept on the nonvelous skin of the ear
because this scar is prone to anterior migration. The
authors place the incision identically in men and
women, but some surgeons prefer to make it slightly
farther from the ear in men because it will be hidden
in the beard line. The incision is made either at the
posterior margin of the tragus or in the pretragal
region, usually in a natural skin crease. A posttra-
gal incision is more difficult and requires redraping
the tragal skin with significant excess to prevent
distortion of the tragus.

The incision passes beneath the earlobe and
extends into the retroauricular sulcus. The retroau-
ricular incision is placed slightly up on the ear
because it is also prone to migration and is best
hidden if the final scar rests in the depth of the
sulcus. The incision traverses the hairless skin in
the retroauricular region at a point sufficiently high
to be invisible if the patient were to have short hair
or be wearing hair in a ponytail. The incision
extends along the hairline for a short distance and
passes back into the occipital scalp in the form of
either an “S” or an inverted “V” (see Fig. 2).

Regardless of the technique chosen for face
lifting, the incisions and the final draping are criti-
cal. They are designed so that on completion of the
procedure, the incisions will be virtually invisible
and will not distort the hairline, ear, cheek, retroau-
ricular sulcus, or posterior hairline. If the incision is
performed properly and the patient experiences
uncomplicated wound healing, it should be difficult
even for the surgeon or the hairdresser to find the
incisions.

SUBMENTAL DISSECTION AND UNDERMINING.
In patients with abundant excess skin in the sub-
mental region, a submental incision is made and
subcutaneous undermining performed. In younger
patients with early aging changes, the submental
incision is omitted and undermining is performed
via the lateral incisions alone. A decision is made
regarding the submental crease. In patients in
whom the crease is not abnormally deep, an incision
is made just caudal to the crease. Dissection is 

Figure 2 • Incisions for a face lift. The incision allows pre-
servation of the sideburn and temporal hairline. The down-
ward direction at the posterior hairline helps to avoid a “step
off” deformity.
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Figure 3 • Dissection of the superficial musculoaponeurotic system (SMAS). Solid lines are incisions, and dashed lines are the
limit of the SMAS dissection. The arrow is the direction of pull on the SMAS.
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performed retrograde to undermine the crease. In
patients in whom the crease is deep, the crease is
completely excised.

Extensive subcutaneous undermining is per-
formed in the submental region. The platysma is
defatted under direct vision and the anatomy of the
medial borders of the platysma identified. Sub-
platysmal fat is trimmed if necessary. Midline 
plication of the platysma muscles is performed 
with numerous buried absorbable sutures. A wedge
of platysma is excised bilaterally caudal to the pli-
cation to break the continuity of the platysmal
bands.

UNDERMINING THE FACE. The cheek flap is devel-
oped, followed by the temporal and retroauricular
flaps. Subcutaneous dissection is continued with the
fiberoptic retractor superficial to the orbicularis
oculi muscle. In the lower part of the face, the
mandibular ligament is released and dissection is
performed in continuity with the previous submen-
tal dissection. Two-finger countertension, provided
by the assistant, allows excellent subcutaneous
visualization of the dissection.

HIGH, EXTENDED SMAS/PLATYSMA FLAP. A
transverse incision is made in the SMAS at approx-
imately the level of the infraorbital rim, above the
zygomatic arch (see Fig. 3). An intersecting vertical
incision is made in the SMAS in the preauricular
region and extended along the anterior border of the
sternocleidomastoid muscle well below the angle of
the mandible. The SMAS and platysma muscle are
elevated in continuity. The SMAS is always elevated
beyond the anterior border of the parotid gland. If
less dissection is performed, insufficient release of
the SMAS occurs. Dissection is continued to expose
the zygomaticus major muscle if maximal mobiliza-
tion is desired. The SMAS is rotated in a mostly
cephalad direction with a slight posterior vector and
secured to the temporal fascia. A second set of
sutures is placed low in the neck from the platysma
muscle to the mastoid periosteum. The posterior
border of the cheek SMAS is incised to allow a
tongue of excess SMAS to be transferred behind the
ear to reinforce tightening of the platysma below the
angle of the mandible. This tongue of SMAS is
sutured to the periosteum over the mastoid process.
Additional sutures are placed along the entire
suture line to reinforce this maneuver. If the SMAS
has been fully elevated and rotation is in the correct
orientation, an aesthetically pleasing malar aug-
mentation results without any need for alloplastic
material. This improved appearance is due to the
“dog-ear” of SMAS at the orbital rim; the more rota-
tion, the more “dog-ear.”

CERVICAL DEFATTING. After the SMAS/platysma
has been rotated, the platysma is defatted beneath
the inferior border of the mandible. Such defatting
should be performed judiciously because excessive

skeletonization of the neck results in an unpleasant
“Popsicle on a stick” appearance.

HEMOSTASIS. Hemostasis is obtained by using a
fiberoptic retractor and electrocautery with insu-
lated forceps to avoid damage to the skin edge.

REDRAPING. The skin is redraped in a vector that
is slightly less vertical than the SMAS elevation. In
the face the vector is oblique, and in the neck, it is
closer to transverse. It is important to avoid redrap-
ing the transverse neck creases up onto the face.
Tension of the entire procedure is borne by two
sutures, one at the top of the ear anteriorly and 
one at the apex of the postauricular incision. The
remaining skin is trimmed so that there is no gap
between the skin edges and therefore no tension 
on the closure. Beneath the earlobe, the skin is
trimmed so that the incision is tacked up beneath
the earlobe to exaggerate the separation of the
earlobe from the cheek. It is important to avoid
excising too much skin around the earlobe, which
invariably leads to a “pixie ear deformity.” In the
postauricular region, an incision is made along the
posterior hairline, and the hairline is approximated
precisely so that there is no step off.

In patients in whom an anterior hairline incision
is made, excess skin is removed along this incision,
again making sure that there is no tension on the
closure. In patients in whom a short temporal inci-
sion has been made within the hairline, a transverse
wedge is always removed below the sideburn so that
this structure is not elevated above the apex of the
ear.

TRAGUS. In patients in whom an incision is made
in the pretragal region, the facial skin is trimmed so
that there is no gap between the skin edges. In
patients in whom an incision has been made at the
posterior border of the tragus, a tragal flap of skin
is created that is larger in all dimensions than nec-
essary to cover the tragus. This technique allows the
inevitable contraction of the skin to occur without
deformation of the tragus. The area directly in front
of the tragus and the skin flap directly over the 
cartilage should be defatted.

DRAINS. Closed-suction drains are placed in the
neck bilaterally and brought out through separate
stab wounds in the hair-bearing scalp.

CLOSURE. Closure is performed with buried
monofilament absorbable sutures in several key
locations: the aforementioned root of the helix, the
sideburn area, and the anterior hairline. A suture is
also placed at the base of the earlobe such that it
purchases the skin of the flap, the earlobe, and the
perichondrium of the ear. This maneuver decreases
the risk of a pixie deformity and provides a natural-
appearing earlobe. Another suture is placed in the
same manner at the postauricular skin closure to



280 —— Face Lift and Brow Lift

ensure that the resulting scar does not migrate past
the retroauricular sulcus. The anterior skin closure
is generally performed with fine nylon, the postau-
ricular incision is closed with plain gut, and inci-
sions in the hair are closed with staples.

Short-Scar Technique

The short-scar technique has become a popular
alternative. It is useful in younger patients with
minimal excess neck skin. The incision is not
extended beyond the earlobe, thereby completely
avoiding a posterior incision into the hairline. This
technique relies on more vertical redraping of the
skin. The anterior hairline incision may need to be
extended to redrape the skin. The vertical vector is
transmitted across the mandibular border and elim-
inates a certain amount of submental excess. Skin
and SMAS undermining and elevation are identical.
Bunching of skin behind the earlobe often occurs but
improves with time, although revision is occasion-
ally necessary at this location.

Forehead/Brow Lift

The classic coronal forehead/brow lift is no longer
the gold standard for brow elevation. It has the dis-
advantage of a longer scar, frequent itching post-
operatively, and areas of alopecia if skin excision is
used as the method of brow fixation. Exposure to the
brow musculature is not better than that achieved
endoscopically. Newer techniques allow the same
degree of elevation without a long scalp incision.

ENDOSCOPIC BROW LIFT. The endoscopic ap-
proach to forehead/brow lifting has become popular
in recent years. The main advantages of the endo-
scopic approach are a shorter operative procedure, a
decrease in itching, and shorter incisions to camou-
flage. Release of the ligaments necessary to allow
brow elevation can be performed with this access,
and fixation is as effective as any other form of brow
lifting.

LIMITED INCISION BROW LIFT. A limited incision,
lateral brow lift can be performed without an endo-
scope. The incision is made lateral to the temporal
line of fusion to avoid injury to the deep branch of
the supraorbital nerve. Fixation relies on suturing
the galea. This technique results in a roll of excess
skin in the temporal region that gradually dissi-
pates over a period of a few weeks.

INTERNAL BROWPEXY. An alternative to the afore-
mentioned procedures is direct browpexy performed
through the upper blepharoplasty incision. Dissec-
tion is performed under the orbicularis, and the
brow tissue is sutured directly to the periosteum
over the supraorbital ridge at the appropriate level.
This approach is minimally invasive and may be

ideal for men and women with thinning hair. Its
long-term results are not known.

FIXATION. Fixation methods have undergone an
evolution. The two most successful means of fixation
at this time appear to be a cortical tunnel technique
and an absorbable fixation device. In the cortical
tunnel technique, a hole is drilled through the outer
table of the skull through vertical access incisions at
four points behind the hairline. Sutures are placed
to fix the advanced forehead/brow.

Various absorbable devices have been described
that allow fixation of the brow in a more superior
position from behind the hairline. Most surgeons
perform the fixation at only two points if these
devices are used. The dissolvable clips offer several
advantages. First, they are easy and quick to place.
Second, the absorbable clip devices offer the surgeon
the flexibility to adjust the position of the lift intra-
operatively, immediately postoperatively, or within
48 hours postoperatively in the office.

TECHNIQUE. Having performed all the brow lifting
techniques described in this chapter, the authors
currently use a modified limited incision, lateral
approach technique. A zigzag incision is made 2 cm
posterior to the hairline in the temporal region. The
incision does not extend medial to the temporal
fusion line so that it will not damage the deep
branch of the supraorbital nerve. The dissection is
performed with endoscopic assistance or under
direct vision with a fiberoptic retractor. The lateral
orbital ligaments are released, and the periosteum
is incised and spread under the lateral aspect of the
eyebrow. The forehead is advanced along the desired
vector, and fixation is accomplished with an
absorbable fixation device.

Postoperative Care

Ice compresses can be used in the initial postopera-
tive period. Patients are advised to remain still and
quiet for 3 days. Drains and dressings are usually
removed on postoperative day 1. Oral antibiotics
and pain medication are prescribed. The preauricu-
lar nylon sutures are removed on postoperative day
3 to 5, and the postauricular sutures and staples are
removed on postoperative day 7 or 8.

Face Lift Complications

Hematomas

Hematomas are the most frequent complication
after face lifts (0.9% to 8.0% incidence) and vary
from large collections of blood that threaten skin
flap survival to small collections that are obvious
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only when the facial edema has subsided. The inci-
dence of hematomas in men (8.7%) is more than
twice that in women, but this difference seems to be
decreasing with strict blood pressure control. Most
major hematomas occur during the first 10 to 12
hours postoperatively. The cause of hematomas is
multifactorial, but they correlate most closely with
perioperative blood pressure control. Antiplatelet
medication also increases the risk for postoperative
hematomas, and the use of these medications is
therefore discontinued 2 weeks before the surgical
procedure.

The most common manifestation of a hematoma
is pain localized to one side of the face or neck in an
apprehensive, restless patient. Because pain is
unusual after an uncomplicated face lift, it must 
be regarded as a sign of a hematoma until proved
otherwise. Rather than provide analgesics for pain
relief, the dressing is removed immediately to
permit examination.

Treatment of expanding hematomas is always
surgical. Historically, the flaps were elevated and
the bleeding point was sought. However, rarely was
a distinct bleeding vessel found. Alternatively, the
patient is given blood pressure control and anxi-
olytic medications to decrease systolic pressure
below 110. Limited sutures or staples are removed
from the sideburn, retroauricular, or posterior hair
incision (whichever is closest to the largest aspect 
of the collection). Catheters are inserted and the
hematoma evacuated. The area is irrigated first
with saline until clear and then with a 0.25% lido-
caine, 1:400,000 epinephrine solution. Gentle pres-
sure is placed on the flap for 20 minutes. This
regimen controls most hematomas without any need
for surgical intervention. If bleeding persists, the
flaps should be elevated and pinpoint hemostasis
achieved in the operating room.

Small hematomas that are not apparent until 
the edema begins to subside may be treated with 
a No. 11 blade placed tangentially through the 
skin to allow drainage and satisfactory healing.
Hematomas that are not detected and evacuated
during the period of liquefaction result in skin firm-
ness, irregularity, and hemosiderin discoloration.
Warm compresses, gentle daily massage, and
intralesional injection of dilute steroids are occa-
sionally helpful.

Skin Slough

Full-thickness skin slough always results in some
degree of permanent scarring. The postauricular
and mastoid areas are most frequently involved
because of thin skin in an area farthest from ade-
quate circulation, but the resulting scars may be
concealed by the ear and hair. Skin slough (inci-
dence of 1% to 3%) is caused mostly by (1) undiag-
nosed hematomas, (2) a skin flap that is too thin or
damaged during flap dissection, (3) excessive
tension on wound closure, and (4) cigarette smoking

(12-fold increase in relative risk). Patients are
required to abstain from smoking for 3 weeks pre-
operatively and 2 weeks postoperatively.

The areas of skin slough epithelialize and con-
tract dramatically. The resulting scar is always
better than would be anticipated from the initial
wound appearance. Depending on the size of the
necrotic area, it may be possible to excise the scar
and readvance the facial skin, but it generally takes
several years before sufficient skin laxity allows for
a secondary lift.

Nerve Injury

Nerve injury in subcutaneous facialplasty is rare
(0.9%), but occurs more frequently with extended
SMAS and composite procedures. Most nerve injuries
recover within a few weeks and probably represent
cautery insults. A nerve that has been cut will not
recover, although injuries in the buccal area most
often improve as a result of cross innervation. Intra-
operative transection of the facial nerve necessitates
immediate microsurgical repair. It is more likely,
however, that nerve injury is not recognized during
surgery, and the surgeon and patient are placed in
the difficult position of waiting for return of function.

Transient numbness of the lower two thirds of the
ear, the preauricular area, and the cheeks for the
first 2 to 6 weeks postoperatively occurs as a result
of interruption of small sensory nerves during
surgery and is unavoidable. The most common
avoidable nerve injury during facialplasty is that to
the great auricular nerve. This nerve is injured
when dissection is too deep and the fascia over the
sternocleidomastoid muscle is pierced. When injury
to the great auricular nerve is recognized during
surgery, immediate, meticulous repair is performed.

Scarring

Scarring after facialplasty is most commonly caused
by vascular compromise of the skin flaps and excess
closure tension. Two points of maximum skin
tension are established: in the temporal aspect of
the scalp just above the ear and at the apex of the
postauricular incision. Conservative trimming is
especially required in the preauricular area and
around the earlobe, where the slightest tension
widens the scar and distorts the earlobe.

Hypertrophic Scarring

Such scarring is rare and most commonly occurs at
the postauricular incision. Small-volume injections of
dilute insoluble steroid often help to flatten the scars.

Pearls and Pitfalls

• It is important to develop a relationship with
the patient preoperatively. Patients who are
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unrealistic or unstable should be refused 
treatment.

• Understand the anatomy, with particular
attention to the facial nerve, prior to attempt-
ing extended SMAS procedures.
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The upper eyelid crease tends to become less dis-
tinct and more elevated. The upper eyelid and peri-
orbita lose a sense of volume. The eyebrows descend
more laterally than medially.

Lower eyelid age-related changes include descent
of the infratarsal concavity, orbital septal attenua-
tion, fat herniation, and descent of the cheek (zygo-
matic fat pad) mass. Diminution of lower lid support
and the development of scleral show and ectropion
are usually signs of advanced aging changes (Fig. 1).

Diagnostic Studies

Preoperative evaluation should include a detailed
medical and ocular history and documentation of
ocular and periocular anatomy.

The history should focus on the following:

• Subjective assessment of vision
• Presence of dry eye symptoms
• Use of corrective lenses/contacts
• Presence of cataracts, glaucoma, hypertension,

endocrinopathy, or facial nerve disorders
• Bleeding history
• Use of anticoagulant medication (warfarin

[Coumadin], nonsteroidal antiinflammatory
drugs, aspirin)

The presence of a significant ophthalmic history
or ocular pathology is an indication for ophthalmo-
logic consultation.

Physical examination includes a general assess-
ment of skin quality (sun damage, elastosis), fat
excess, extraocular muscle function, visual acuity,
Bell’s phenomenon and identification of a “negative
vector” in which the globe projects anterior to the
inferior orbital rim and malar eminence. 

The concept that one is revealed though one’s eyes
is an assumption so innate that it not usually con-
sciously recognized. The globe, however, is expres-
sionless, and it is the function of the surrounding
soft tissue or periorbital complex to convey emotion
and well-being. The aging and pathologic processes
that result in changes in soft tissue may indicate the
need for restorative surgery, specifically, blepharo-
plasty (Greek: blepharo, or “eyelid,” and plasty, to
“form” or “mold”).

Etiopathogenesis

Excessive wrinkling of the eyelid skin (dermatocha-
lasis) is due to aging changes and sun damage. In
contrast, blepharochalasis is a familial condition
that leads to skin excess as a result of recurrent
episodes of swelling of the periorbital tissues. Evi-
dence of a weakened orbital septum manifests as fat
herniation. Severe eyelid hooding or levator ptosis,
or both, may prompt a patient to complain of visual
field defects. Attenuation of tarsal support may
accompany other age-related changes and leads to
senile ectropion. Graves’ disease, diabetes mellitus,
scleroderma, hyperlipidemia, myasthenia gravis,
Horner’s syndrome, and dermatomyositis are condi-
tions that can also be associated with periorbital soft
tissue pathology.

Pathologic Anatomy

With aging, a variety of soft tissue changes combine
to affect the aesthetics of the periorbital soft tissue
envelope: progressive loss of elasticity of the skin,
tarsus, orbicularis muscle, and orbital septum. The
periorbital fat becomes redundant and may bulge
through an attenuated septum.

Blepharoplasty
PIERRE B. SAADEH
JOSEPH G. MCCARTHY
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Figure 2 • Location of fat pads of the upper and lower lid incisions.

Figure 1 • Periocular age-related changes in the upper lid. 
A, fat herniation and septal attenuation; B, hooding with brow
ptosis; C, asymmetry (elevation of the tarsal crease may also
occur). Lower lid: D, tear trough; E, fat herniation and septal
attenuation; F, lower lid laxity. (From McCarthy JG: Plastic
Surgery. Philadelphia, WB Saunders, 1990.)

Upper lid evaluation identifies skin and fat excess,
asymmetry, ptosis, pseudoptosis (brow ptosis), levator
dysfunction, lid retraction, and corrugator/procerus
muscle hyperactivity. Evaluation specific to the lower
lid should be directed at identification of scleral show,
ectropion and entropion, and lid position, tone, and
support. The snap back test may be a helpful adjunct
in the evaluation of lower lid support. 

Adjunctive evaluation includes Schirmer testing
and tear breakup time. Preoperative evaluation
should also assess the patient’s general emotional
and psychological state. Realistic postoperative
expectations are fundamental to a successful
outcome.

Professional photographs, including upward and
downward gaze, eyes open, eyes closed, squinting,
and up-close lateral views, are useful both in the
preoperative surgical dialogue with the patient and
in the operating room as reference source.

Reconstructive Goals

The primary surgical goals are to enhance perior-
bital aesthetics and preserve or restore periorbital
symmetry and function. Goals of upper lid bleph-
aroplasty include restoration of symmetry, pretarsal
show, and well-defined tarsal folds. Lower lid bleph-
aroplasty involves the restoration of a smooth, 
soft lid, a slightly elevated canthal tilt, and sharp
canthal angles while maintaining or supplementing
lid support.

Treatment

Anesthesia

The authors’ practice is to perform the procedure
under continuous sedation with routine monitoring
of vital signs. A benzodiazepine sedative is adminis-
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tered intravenously, and 0.5% lidocaine with
1:200,000 epinephrine is injected tangential to the
lid (and globe) to facilitate dissection.

Upper Lid Blepharoplasty

MARKINGS. With the patient in the reverse Tren-
delenburg position, the supratarsal crease is identi-
fied and marked (see Fig. 2). The crease, which
results from and is delimited inferiorly by the
levator extension into the skin, is located 9 to 12 mm
above the ciliary margin and lies near the upper
edge of the tarsus (accentuated by retracting and
moving the lid in an inferior direction). The lower
line curves toward the lid margin and should not
extend into the medial canthus. The mark should be
limited laterally to a line perpendicular to the
lateral orbital rim in younger patients, whereas in
older patients, it is usually extended in one of the
crow’s feet lines.

The superior line of the planned excisional ellipse
is determined by the amount of skin overhang
present when forceps, applied at several points,
gathers skin from the lower line until the lashes
begin to rotate upward. Skin excision is maximized
laterally but minimized medially.

TECHNIQUE. The skin is removed and a strip of
orbicularis is also excised with iris scissors. The
orbital septum is opened over the central fat pad
with a stab incision made with the sharp scissors
(Figs. 3 and 4; see also Fig. 2). A high incision helps
to avoid the septum-levator fusion plane. Gentle
globe counterpressure is applied and fat teased out
with Adson forceps or a curved hemostat. While
avoiding overresection, the fat is clamped around its
base and amputated with electrocautery.

Another scissors stab incision is then made over
the medial fat compartment in an identical fashion,
and the fat pad is identified by its whiter appear-
ance. Underresection medially is a common mistake.
There is no lateral fat pad in the upper lid; this
space is occupied by the lacrimal gland.

Lateral to the canthus, the skin is closed with 6–0
nylon interrupted sutures. The skin margins are
approximated medially with a running 5–0 nylon
intradermal suture reinforced with skin tapes.

ADJUNCTIVE PROCEDURES—UPPER LID
Excessive Lateral Brow Fullness. Many blepharo-
plasty candidates have excessive fullness of the
lateral aspect of the brow. Causes include lateral
brow ptosis, retroorbicular fat excess, an overhang-
ing/prominent supraorbital rim, a prominent
lacrimal gland, or a combination of these findings.

Brow ptosis, especially along the lateral aspect, 
is a normal, expected age-related change. Optimal
brow position is determined preoperatively with the
patient in the upright position. The extent of lateral
upper lid skin resection is adjusted depending on the
degree of planned lateral brow elevation. Through

the upper lid incision, dissection is carried supero-
laterally over the orbital septum and toward the
orbital rim lateral to the supraorbital notch. A sub-
orbicularis plane is developed superficial to the
periosteum to the desired brow position. With the
lateral aspect of the brow in an appropriately ele-
vated position, 4–0 Vicryl sutures secure the perios-
teum to the orbicularis and overlying soft tissue
while avoiding the superficial dermis. Care is taken
to maintain symmetry and avoid both undercorrec-
tion and overcorrection.

Retroorbicularis orbital fat located superficial 
to the septum has been identified as a potential
cause of excess lateral brow fullness and can be
trimmed at the time of upper lid blepharoplasty.
Conservative resection is emphasized to prevent
inadequate soft tissue coverage of the underlying
bony brow.

A prominent or projecting supraorbital rim (bony
excess) can cause lateral brow fullness. Through the
upper lid incision, correction is achieved by scoring
and elevating the periosteum over the superolateral
orbital rim. Tangential ostectomy with a 5-mm
osteotome permits careful removal of a thin piece of
bone, with care taken to avoid a bony step off. The
periosteum should be reapproximated.

The lacrimal gland, which takes the place of a
lateral fat compartment in the upper lid, accounts
for approximately 10% to 15% of all cases of exces-
sive lateral brow fullness. Appropriate management
is resuspension of the gland to the orbital rim with
absorbable suture material. Excision of the gland
should be discouraged because of the potential for
keratoconjunctivitis sicca.

Glabellar Furrows. The upper lid blepharoplasty
approach affords ample access to the corrugator
supercilii and the associated musculature responsi-
ble for glabellar furrows, all of which can be
approached via a suborbicularis plane provided by
the upper lid incision. The vertical head of the orbic-
ularis, the depressor supercilii, and the corrugator
are exposed and individually resected. The procerus
can also be excised, if indicated. The effectiveness of
surgical treatment of glabellar furrowing is limited
if the muscles are not completely excised. Injection
of botulinum toxin (Botox) in this area, albeit tem-
porary in effect, provides an alternative treatment
to corrugator resection.

Inadequate Supratarsal Fold. In the absence of a
supratarsal fold, as in Asian eyelids, the fold is
recreated by suture fixation of the pretarsal orbicu-
laris to the dermal edge of the incised skin. It is vital
to ensure side-to-side symmetry when creating the
supratarsal fold.

Lower Lid Blepharoplasty

Lower lid blepharoplasty can be broadly divided into
transcutaneous and transconjunctival procedures.
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Figure 3 • Cross-sectional anatomy of the midorbit. (See Fig. 4 for details of the lower eyelid incisions.)
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Although both give adequate access to the lower lid
fat pads, transcutaneous approaches also provide
definitive surgical solutions for skin excess and
orbicularis hypertrophy. However, transcutaneous
procedures have a greater, albeit small, potential for
ectropion. When the pathology is mostly limited to
fat herniation or the patient is more likely to expe-
rience lid retraction and its attendant complica-
tions, a transconjunctival approach is preferred. It
should be noted that numerous skin resurfacing
techniques can be used to rejuvenate mildly wrin-
kled skin in appropriately selected individuals.

TRANSCUTANEOUS BLEPHAROPLASTY
Markings. The lower lid tarsal crease, which is
analogous to the upper lid crease, is identified. A
gently curving subciliary line is marked 2 mm below
the lid margin and is limited medially by the medial
canthus. The line is limited, particularly in younger,
less wrinkled patients, to the lateral orbital rim. In
simultaneous upper and lower blepharoplasty, the
planned incisions should be separated laterally by
an area of at least 9 mm of skin in the lateral
canthal area to avoid vertical scar contracture (see
Figs. 2 and 4).

Technique. A full-thickness incision is made along
the marked line, and care is taken to avoid damag-
ing the pretarsal orbicularis because this muscle, in
conjunction with the underlying tarsus, is important
for lower lid support. It is noteworthy to mention
that in severe cases of extensive and discrepant skin
excess (relative to the orbicularis muscle), a skin-
only flap may be raised, redraped, and carefully
trimmed as needed to allow for tension-free closure.

However, this technique may be associated with a
higher rate of lid retraction. Scissors dissection is
carried through the infratarsal orbicularis, and a
preseptal skin-muscle flap is developed as far as the
inferior orbital rim.

Gentle globe pressure aids in identification of 
the lower lid fat pads. Stab incisions through the
septum and removal of the individual fat pads are
performed in a fashion identical to that described for
the upper lid, with the main difference being the
need for resection of the lateral fat pad. Care is
taken to avoid injury to the inferior oblique muscle,
which separates the medial and central fat pads.
Conservative resection will avoid a postoperative
“hollowed out” appearance.

The skin-muscle flap is redraped in a superior
direction, and excess tissue is excised while allowing
for tension-free skin closure. Interrupted 6–0 nylon
sutures are used to reapproximate the skin margins.

TRANSCONJUNCTIVAL BLEPHAROPLASTY
Technique. The lower lid is retracted with a Des-
marres retractor. The level of the conjunctival inci-
sion defines the approach to the fat pads (see Fig.
4). A high incision (3 mm below the lid margin)
divides the capsulopalpebral fascia/septal fusion
plane and allows for a preseptal approach to the fat
pads. Alternatively, a lower incision (2 to 3 mm
above the fornix) is chosen to allow direct access to
the fat pads in an entirely retroseptal approach. Fat
is excised as described previously while avoiding
injury to the inferior oblique muscle. Adjustments in
skin tension are not possible with this technique.

ADJUNCTIVE PROCEDURES—LOWER LID
Skin Resurfacing. As indicated earlier, skin resur-
facing is an alternative to skin excision after
transconjunctival blepharoplasty. Resurfacing may
be accomplished with lasers (CO2, yttrium-
aluminum-garnet [YAG], or erbium) or chemical
peels (trichloroacetic acid [TCA] or phenol/croton
oil). Patients are pretreated with hydroquinone and
acyclovir to prevent hyperpigmentation and herpes
zoster, respectively. These procedures are restricted
to fair-skinned individuals (Fitzpatrick grade I to
III). Although less invasive by nature, these proce-
dures do not eliminate the possible development of
lid retraction, have the potential for prolonged 
erythema of the lids, and are contraindicated in
patients with advanced aging changes.

Canthopexy/Canthoplasty. Unaddressed lid laxity
predisposes a patient to lid retraction, exacerbation
of dry eye symptoms, scleral show, and corneal abra-
sion. Numerous procedures have been recommended
for correction of lid laxity. Lateral canthopexy can
help to restore tarsal height and lower lid support.
However, lid laxity is frequently accompanied by
horizontal excess and a weak lateral canthal mech-
anism, findings that require more complicated pro-

A

B

C

Figure 4 • Surgical approaches to the lower lid fat pads. 
A, Subciliary skin-muscle flap (a step incision leaving the 
pretarsal orbicularis oculi intact is shown). B, Transconjunctival,
preseptal. C, Transconjunctival, retroseptal.
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cedures, including lid shortening and even tarsal
spacer grafts.

Festoons. Festoons, which represent orbicularis
laxity in the lower eyelids, may be improved by a
combination of partial orbicularis excision and
resuspension of unresected orbicularis to the lateral
orbital rim. The techniques are fraught with 
complications.

Tear Trough. A multitude of specialized procedures,
including sliding retroseptal fat over the arcus mar-
ginalis, suborbicular fat repositioning, and fat graft-
ing, have been described to correct the “tear trough”
deformity, which consists of a deep nasojugal groove
and/or lower eyelid hollowing (see Fig. 1). Alterna-
tively, midface descent, which accentuates the tear
trough, may be addressed by a variety of midface lift
procedures that elevate the malar fat and cheek soft
tissues and also augment the infraorbital area. The
latter procedures are more effective in correcting a
postoperative tear trough deformity.

Postoperative Care/Complications

Postoperative care includes head elevation, applica-
tion of cold compresses, mild analgesics, blood pres-
sure control, and early suture removal.

Although serious complications of blepharoplasty
are rare, the following problems have been reported:

Visual Loss

Visual loss is reported to occur after 0.04% of bleph-
aroplasty procedures. It is usually heralded by the
rapid onset of orbital pain, proptosis, eyelid ecchy-
mosis, and reduced visual acuity (normal to no light
perception). The pathophysiology commences with
intraorbital hemorrhage, followed by elevated intra-
orbital and intraocular pressure and, secondarily,
compromise of the ocular circulation.

Hemorrhage is a surgical emergency requiring
prompt recognition and management. Initial treat-
ment includes opening the incisions and medically
reducing intraocular pressure with intravenous
mannitol and acetazolamide (Diamox). Surgical
exploration to identify the site of bleeding is per-
formed, although a source is not usually found.
Release of the orbital septum and detachment of the
lateral canthus can provide additional orbital
decompression. Emergency ophthalmologic consul-
tation should be obtained. Anterior chamber para-
centesis and orbital decompression are controversial
surgical adjuncts.

Corneal Injury

The liberal intraoperative use of drops and lubri-
cants can help to prevent corneal injury. Suspected

injury can be assessed with fluorescein staining.
Large or deep wounds should be referred to an 
ophthalmologist, whereas superficial injuries are
managed with topical antibiotics and eyelid patching.

Hematoma

Blepharoplasty requires meticulous hemostasis.
Causes of hematoma include bleeding fat pad
vessels that retract into the orbit and bleeding from
the cut margins of the orbicularis. It is imperative
to differentiate localized hematoma from a sight-
threatening retrobulbar hematoma associated with
a firm globe on palpation. The latter dictates thera-
peutic measures as discussed earlier under “Visual
Loss.” Superficial eyelid hematomas are located
anterior to the septum (without ocular symptoms)
and require only observation; needle aspiration is
performed, if necessary, after liquefaction.

Diplopia

Diplopia may occur postoperatively as a result of
edema, hematoma, or injury to the extraocular mus-
culature. The inferior oblique is the muscle injured
most frequently (especially after transconjunctival
incisions), followed by the superior oblique muscle.
Ophthalmologic consultation is indicated. Perma-
nent strabismus from structural damage to the
extraocular muscles or nerves requires referral to a
strabismologist.

Ectropion

Overresection of skin or normal scar contracture of
the surgical site, particularly in predisposed
patients (older patients with lid laxity, negative
vector), may lead to ectropion. Patient selection and
adjunctive procedures performed at the time of 
blepharoplasty (i.e., lateral canthoplasty and hori-
zontal lid shortening) can reduce the incidence of
ectropion. These procedures can also be performed,
after an appropriate time, if ectropion develops after
surgery. In most cases, postoperative ectropion can
be treated with expectant management. Most mild
cases will improve with time; more severe cases may
require surgical correction. Lubricants should be
employed to avoid corneal exposure as the ectropion
resolves.

Dry Eye Syndrome

Patients suffering from dry eye symptoms should be
identified both by history and by Schirmer testing.
Surgical candidates include patients with mild
symptoms who accept the risk that surgery may
exacerbate their symptoms. With the approval of an
ophthalmologist, resection should be conservative,
and postoperative management involves vigorous
application of artificial tears or other wetting 
solutions.
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Asymmetry

The key to avoidance of this common complication
is accurate preoperative assessment and marking 
of the patient. Repeat blepharoplasty can usually
adequately address significant asymmetry.

Ptosis

Ptosis must be distinguished from dermatochalasis
or pseudoptosis preoperatively to properly formulate
a surgical plan. The ptosis should be surgically cor-
rected as part of the aesthetic surgical procedure.
Postoperative ptosis results from an unrecognized
injury to the lid elevator mechanism and should be
repaired promptly.

Pearls and Pitfalls

• Dry eye should be recognized preoperatively.
• Avoid overresection of skin and fat.
• The presence of a negative vector should alert

the surgeon to the possibility of postoperative
lower lid retraction.

• Lateral canthoplasty/canthopexy should be
part of lower lid blepharoplasty in patients sus-
pected of having postoperative lower lid laxity.

• Ptosis should be corrected as part of the 
blepharoplasty.

• Pseudoptosis will limit the aesthetic result of
upper blepharoplasty; a concomitant brow lift
may also be indicated.

• The presence of Graves’ disease precludes 
blepharoplasty until the ophthalmopathy is
corrected.
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Primary rhinoplasty is one of the most common and
challenging aesthetic surgery procedures. To obtain
optimal results, the surgeon must have a thorough
understanding of nasal anatomy and physiology,
nasofacial aesthetic standards, and surgical tech-
nique. The surgeon must also understand the vari-
ations from normal anatomy that produce nasal
deformities.

Etiopathogenesis

Most primary rhinoplasties are performed for devi-
ations from aesthetic norms that occur sponta-
neously or are the result of nasal trauma. Either can
be accompanied by airway obstruction or external
cosmetic deformities, or both. The most common
deformity resulting from nasal trauma is displace-
ment of the nasal bones and septum in association
with an asymmetric or twisted appearance of the
dorsum. Nasal trauma can also result in septal
hematoma, which can lead to septal perforation and
subsequent loss of nasal support. Other acquired
nasal deformities can be secondary to cocaine use,
which can lead to nasal perforation with loss of
dorsal support.

Pathologic Anatomy

The pathologic anatomy of an aesthetically prob-
lematic nose can be divided into three categories:
tissue excess, tissue deficiency, or abnormal position
or shape of tissues (or any combination of the three).

Examples of excess of tissue include a dorsal
hump, overprojecting radix, and overprojecting tip.
A dorsal hump is due to an overprojection of the
nasal bones and dorsal septum. The proportion of
cartilage and bone in a dorsal hump varies depend-
ing on the relative length of the nasal bones and
septum. Patients may have an overprojecting radix

Primary Rhinoplasty
FRED L. HACKNEY

with lack of a nasofrontal angle. The latter usually
represents bony overprojection in the area of the
nasofrontal suture, but it may also be secondary 
to excessive thickness of the overlying procerus
muscle. An overprojecting tip may be due to an 
overprojecting or “high” anterior septal angle or
increased length and strength of the medial and
lateral crura of the lower lateral cartilage.

A long nose can be due to either excess or defi-
ciency of tissue. With an excess of tissue such as a
high radix, the nose will appear longer. Likewise,
with overgrowth of the cephalic-caudal septum or
the upper lateral cartilage, the nose will appear
longer. Deficiency of the medial crura can result in
drooping of the tip and produce the appearance of a
long nose.

A short nose is most commonly due to tissue defi-
ciency. The radix can be deficient with a deep
nasofrontal angle, and in severe cases such as
Binder’s syndrome, the maxilla and nasal bones 
can be underdeveloped. Overrotation of the tip can
result from underdevelopment of the septum or the
lateral crura. In addition, the appearance of
decreased nasal length can be produced by an obtuse
columellar-labial angle secondary to prominence of
the caudal septum at the anterior nasal spine.

Other deficiencies in anatomy include a saddle
nose deformity and underprojection of the tip. The
former can be due to a deficiency of support from the
septum, and the latter can occur as a result of lack
of support from the anterior septal angle or from
deficiencies in the length and strength of the medial
and lateral crura or their soft tissue attachments (or
both).

The last category of anatomic pathology is abnor-
mal shape or position of the anatomic structures, as
seen in deformities of the tip. A boxy tip may be due
to an increased distance between the tip-defining
points, an increased angle of divergence of the
intermediate crura, or increased width of each dome
(or any combination of these causes). Fullness in the
supratip area can be caused by increased convexity
of the lateral crura in the scroll area or increased
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height of the cartilaginous septal angle. Outward
bowing of the alae can be due to increased con-
vexity of the lateral crura in an anteroposterior
direction.

Deformity or asymmetry of the dorsum can result
from septal deviation and abnormal shape or posi-
tioning of the nasal bones. Asymmetry of the tip can
also result from deviation of the dorsal and caudal
portions of the septum. Increased nasal base width
can be attributed to increased width of the base of
the nasal bones. Increased width of the dorsum of
the nose can reflect increased width of the dorsal
aspect of the nasal bones. Likewise, deficiencies in
nasal base width can result from the nasal bones
being displaced medially at the base, and decreased
dorsal width can be secondary to a decrease in nasal
bone width at the dorsum or to collapse of the upper
lateral cartilage.

Diagnostic Studies

Any evaluation for nasal surgery should include
questions regarding nasal trauma, allergies, airway
problems, need for medications, and history of
sinusitis, asthma, bronchitis, and cocaine use.

The goal of the history should be to evaluate the
patient’s overall appropriateness for surgery, includ-
ing physical health and emotional status. A
thorough evaluation may prevent postoperative
complications and allow the surgeon to make the
patient more aware of potential complications.

Diagnostic studies before primary rhinoplasty
consist of nasofacial analysis and evaluation of
facial proportions. There should be a balance
between the vertical dimensions of the upper, mid,
and lower portions of the face. The presence of sig-
nificant abnormalities in the vertical relationships
of the face is an indication for a more thorough eval-
uation for possible orthognathic surgery.

The lip-chin complex should be evaluated because
it provides balance with nasal projection and rota-
tion. The lower lip should be positioned 2 mm 
posterior to the normally positioned upper lip. Ideal
chin position varies between men and women; in
women the chin is positioned posterior to the lower
lip, whereas in men, it can be slightly more anterior.
One should also be aware of a tension lip deformity,
which is often present in patients with a class II
skeletal facial deformity. This deformity is charac-
terized by fullness in the columellar-labial angle and
lack of projection in the upper lip. Often associated
with an overprojecting nose, it can also occur in
patients with deficient tip projection.

When considering lip position, the position of the
dentoalveolar segments of the maxilla should also
be considered. Patients may have proclined maxil-
lary incisors that support the lip in a more anterior
position, a fact that needs to be taken into consid-
eration when evaluating the position of the chin and

the overall relationship of the chin-lip complex to
nasal projection.

The nasal examination starts with evaluation of
the thickness of the skin. Thick-skinned patients
will have prolonged postoperative edema, and the
anatomic details of tip refinement will be less notice-
able. Conversely, patients with thin skin have more
of a tendency to show minor irregularities in the
underlining cartilage.

Nasal symmetry is evaluated in the frontal view.
The width of the alar base in the frontal view should
equal the intercanthal distance (Fig. 1). The width
of the bony base should equal 80% of the normal
width of the alar base. The patient is also examined
for the presence of dorsal aesthetic lines, which
should extend from the tip-defining points to the
medial ends of the eyebrows. The tip is evaluated for
overall proportions by noting whether the vertical
distance between the supratip area and the tip-
defining points is equal to the distance between the
tip-defining points and the columellar-lobular angle.
The contours of the alae are evaluated by noting the
outline of the alar rims and columella, which should
resemble the wings of a seagull in flight.

On profile view, the patient should be examined
in a neutral head position. The position of the radix
is evaluated by inspection of the nasofrontal angle.

Figure 1 • The ideal width of the alar base should equal the
intercanthal distance (ICD), and the ICD usually equals the
width of the palpebral fissure. If the ICD and palpebral fissure
measurements are different, the width of the alar base should
approximate the larger of the two measurements. (From
Gunter JP, Hackney FL: Clinical assessment and facial analysis.
In Gunter JP, Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty
Nasal Surgery by the Masters, vol 1. St Louis, Quality Medical
Publishing, 2002, p 61.)
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The deepest point of the nasofrontal angle should be
positioned between the supratarsal fold and the eye-
lashes. The depth of the nasofrontal angle should
provide an aesthetic break between the forehead
and the dorsum of the nose and usually projects 9
to 14 mm from the ocular coronal plane. Tip projec-
tion is evaluated by drawing a line tangential to the
normally positioned upper lip. This line should
divide the distance between the alar base and the
tip-defining points such that the amount of tip pro-
jection anterior to the line constitutes 50% to 60%
of the projection of the tip (Fig. 2). The tip-defining
points should be the most anteriorly projecting part
of the tip. The nasolabial angle, which is the angle
formed by a line drawn through the anterior and
posterior ends of the nostrils and a line perpendicu-
lar to the natural horizontal facial plane, is a deter-
minant of tip rotation and should also be evaluated.
This angle is generally considered to be normal if 
it is between 95 and 100 degrees in women and 90
and 95 degrees in men. It is different from the 
columellar-labial angle, which is the angle formed 
at the junction of the columella and the upper lip.
The amount of dorsal projection is determined by
drawing a line between the normal position of the
nasofrontal angle and the tip-defining points of the
normally projecting tip. In women, the dorsum
should be approximately 2 mm posterior to this line,
and in men, the dorsum should be slightly closer to
this line. There are no standards for measurements
of the degree of supratip break, but an aesthetic
break should be present between the dorsum and
the tip and should be more noticeable in women
than in men.

In the lateral view, any discrepancies between the
alar and columellar relationships should be noted.
The alar rim and the roll of the columella should be
1 to 2 mm from a line through the most anterior and
posterior positions of the nostril. Deviations from
this line identify a retracted or hanging ala or a
retracted or hanging columella.

Nasal length and nasal tip projection can also be
evaluated in relation to each other. In a patient with
ideal nasal length, tip projection should equal 0.67
times the ideal nasal length (Fig. 3). The ideal nasal
length should also equal the distance between the
stomion and menton in a face with normal facial 
proportions.

In the basal view, the nose should form an equi-
lateral triangle, with the base of the nose formed by
the alar bases and the apex forming the tip. The
proper proportion between nostril and lobular
length should be two thirds and one third, respec-
tively. Any asymmetry or deformity of the nostrils or
columella or protrusion or deviation of the caudal
septum should also be noted.

Intranasal examination requires an adequate
light source and a nasal speculum. Vasoconstriction
should be induced if the mucosa appears to be thick-
ened or edematous. The airways are examined for
patency and deviation of the nasal septum, as well
as hypertrophy of the turbinates. The nasal septum
should be inspected for perforation. The internal
nasal valve is the angle formed by the junction of
the septum and the caudal edge of the upper lateral
cartilage. If less than 10 to 15 degrees and the
patient complains of airway obstruction, it is an
indication of a collapsed nasal valve.

Figure 2 • Ideal tip projection should have 50% to 60% of
the tip projection anterior to a line drawn tangential to a nor-
mally projecting upper lip. (From Gunter JP, Hackney FL: Clini-
cal assessment and facial analysis. In Gunter JP, Rohrich RJ,
Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery by the
Masters, vol 1. St Louis, Quality Medical Publishing, 2002, 
p 65.)

Figure 3 • The ideal nasal length and the ideal tip projection
should have a ratio of 1:0.67. (From Gunter JP, Hackney FL:
Clinical assessment and facial analysis. In Gunter JP, Rohrich
RJ, Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery by the
Masters, vol 1. St Louis, Quality Medical Publishing, 2002, 
p 66.)
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Surgical Goals

The goals in a primary rhinoplasty patient are to
improve the aesthetic appearance of the nose while
keeping it in balance and harmony with the face. If
the airway is patent, it should be maintained; if it
is obstructed, it should be corrected at the same
setting.

Treatment

Anesthesia

The choice between intravenous sedation and
general endotracheal anesthesia is generally based
on the surgeon’s preference and experience.

After induction, local anesthesia with 10 mL or
more of 1% lidocaine with 1:200,000 epinephrine is
injected along the planned incision lines, the
dorsum, the alar base, and the septum. The nose is
packed with 1-inch-wide ribbon gauze soaked in
oxymetazoline.

Surgical Approach

Proponents of open rhinoplasty and endonasal
rhinoplasty can offer pro and con arguments for
their preferred procedure. The open approach has
the advantage of adequate exposure to visualize the
anatomy and perform an anatomic correction. The
main potential disadvantage of this approach is 
the transcolumellar scar; however, if the incision is
closed meticulously and the skin edges are everted
and properly aligned, the scar is usually impercep-
tible. Other disadvantages of the open technique are
the increased operating time needed to reconstruct
the osseous-cartilaginous framework and prolonged
postoperative edema. However, the advantages of
the open approach, in terms of better visualiza-
tion and anatomic correction, outweigh these 
disadvantages.

Open rhinoplasty is begun by designing the
transcolumellar incision. It is best designed as a
broken line incision, such as an inverted V shape or
a stair-step design. The transcolumellar incision is
made just anterior to the feet of the medial crura
(Fig. 4). A double skin hook is used to retract the
alar rim and the index finger is used to evert the
lateral crus. A marginal incision is made along 
the caudal border of the lateral crus and extended
laterally from the apex. The incision is extended
behind the soft tissue triangle in the dome area and
along the lateral sides of the columella to the
planned transcolumellar incision. Before the mar-
ginal incision is made on each side, a small cross-
hatch is placed across the caudal border of the
lateral crus to provide orientation for closure. The
transcolumellar incision is made next with a No. 15

blade, and a No. 11 blade is used to make the
smaller stair step or the inverted V portion of the
incision.

Exposure

Undermining is started at the marginal incision of
the lateral crus. A double skin hook is placed inside
the alar rim and retracted to spread the incision.
Scissors are used to elevate the soft tissue from the
superficial surface of the lower crus, and the tissues
are dissected off the lateral crus and the dome with
a spreading motion. The skin is dissected from the
caudal border of the medial crura by inserting the
scissors through the incision along the medial aspect
of the columella and undermining the skin so that
the scissors protrude from the contralateral medial
columellar incision. The transcolumellar incision is
completed and the skin is reflected over the dorsum.
The dissection continues over the upper lateral car-
tilage and extends 2 mm cephalic to the osseocarti-
laginous junction, at which point scissors are used
to penetrate the periosteum. A periosteal elevator is
used to elevate the periosteum over the dorsum. It
is important to limit the extent of the lateral sub-
periosteal dissection over the nasal bones so that the
periosteum is not elevated over the planned lateral
osteotomy sites.

The soft tissues are elevated from the medial sur-
faces of the medial crura to expose the anterior
septal angle, as well as facilitate dissection of a
pocket for a columellar strut. When making the soft

Figure 4 • The transcolumellar incision is designed as a
broken line, such as an inverted V. The incision is made ante-
rior to the feet of the medial crura. Crosshatches are made on
either side of the inverted V to provide orientation marks during
closure. (From Gunter JP: Gunter’s approach. In Gunter JP,
Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery
by the Masters, vol 2. St Louis, Quality Medical Publisher,
2002, p 1053.)
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tissue pocket for the columellar strut, one should be
careful to leave an intervening layer of soft tissue
between the base of the pocket and the anterior
nasal spine so that the columellar strut will not be
displaced to either side of the anterior nasal spine.

Dorsal Reduction

Surgeons differ in whether the tip projection should
be set first or the dorsal projection should be modi-
fied first. It is the author’s preference to determine
the anticipated tip projection but modify the dorsum
first.

If dorsal reduction is indicated, the dorsum is ini-
tially reduced with a rasp. During rasping, the bony
rasp may reduce the dorsum while displacing the
cartilaginous dorsum inferiorly and actually not
reducing it. When the rasp is removed, the carti-
laginous dorsum may return back to its normal
height, which will be higher than the reduced bony
dorsum. The surgeon should be aware of this
problem and avoid continued rasping and subse-
quent overreduction of the bony dorsum.

After the bony dorsum has been reduced near 
its anticipated position, the cartilaginous dorsum 
is reduced. Submucosal tunnels are developed on
either side of the septum, starting at the anterior
septal angle. The submucosal tunnels are extended
from the septum to the undersurface of the upper
lateral cartilage and cephalically beneath the nasal
bones. A scalpel or scissors is used to separate the
upper lateral cartilage from the septum. Long
angled scissors or a scalpel can be used to incre-
mentally lower the dorsal cartilaginous septum to
achieve the planned dorsal projection. As this is
being done, additional bony reduction with a rasp
may be required. It is often necessary to trim the
medial edges of the upper lateral cartilage; however,
one must be careful not to trim the cartilage exces-
sively because the skin will displace the upper
lateral cartilage inferiorly and thereby result in loss
of dorsal projection. The bony and cartilaginous
dorsum is reduced close to the correct height while
keeping in mind that osteotomies may result in
some loss of projection if the osteotomies are un-
stable and move posteriorly when infractured.

Septal Surgery

After trimming of the dorsal or caudal septum has
been completed, septoplasty is performed if neces-
sary. Septoplasty is indicated if cartilage grafts are
needed to complete the operative plan or if septal
deviation with airway obstruction is present. From
the anterior septal angle, the mucoperichondrium is
elevated from one side of the cartilaginous septum,
the anterior two thirds of the perpendicular plate of
the ethmoid, and inferiorly to the maxillary crest
and vomer. The mucoperichondrium is elevated
from the maxillary crest and vomer starting poste-
riorly and working anteriorly because dissection in

an anterior-to-posterior direction facilitates separa-
tion of the mucoperichondrium from the osseocarti-
laginous junction of the maxillary crest and the
septum. After exposure has been achieved, a No. 15
blade is used to make the cartilaginous incisions
while leaving 10-mm dorsal and caudal cartilagi-
nous struts (Fig. 5). The mucoperichondrium over
the area to be dissected is elevated from the con-
tralateral side through the cartilaginous incisions.

After obtaining exposure, the septoplasty is 
completed by separating the septum off the maxil-
lary crest, starting anteriorly and working posteri-
orly. The dorsal cartilaginous incision is extended
with heavy scissors through the perpendicular plate
of the ethmoid. This leaves the cartilage attached by
the thin bone of the ethmoid, which is infractured
with a curved Freer elevator. The septum should be
free except for any residual soft tissue attachments
that need to be dissected.

After the septum has been removed, any poste-
rior deviation of the ethmoid that needs to be elim-
inated to improve the airway can be removed with
rongeurs, and spurs along the maxillary crest can 
be removed with an osteotome. The mucosa is
inspected for tears. Only opposing tears must be
repaired to prevent septal perforation.

Any residual straight pieces of cartilage remain-
ing after cartilage grafts are carved can be placed

Figure 5 • During septoplasty, the cartilaginous portion of
the septum and the anterior portion of the ethmoid are
removed while maintaining 10-mm dorsal and caudal cartilagi-
nous struts. (From Gunter JP: Gunter’s approach. In Gunter JP,
Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery
by the Masters, vol 2. St Louis, Quality Medical Publisher,
2002, p 1058.)
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back into the septoplasty site before closure of the
mucosa. The cartilage may be used later for revision
surgery if necessary.

Dorsal spreader grafts are placed to prevent col-
lapse of the upper lateral cartilage in most patients
who require significant dorsal reduction or have
short nasal bones (or both). Dorsal spreader grafts
are also useful in straightening a deviated dorsal
septum. The grafts are carved from septal cartilage
and usually measure 20 to 25 mm by 3 to 4 mm.
They are placed from the anterior septal angle to the
osseocartilaginous junction and may be extended
underneath the surface of the nasal bones to control
dorsal bony width (Fig. 6). If cartilage grafts are
being used to correct septal deviation, the septum
can be partially scored on its concave surface to
weaken it before the dorsal spreader grafts are
placed. The dorsal spreader grafts are sutured to the
septum with horizontal mattress sutures. In some
patients, the dorsal spreader grafts can be extended
beyond the anterior septal angle and the medial
crura sutured to the ends of the grafts to increase
nasal length. The medial crura can also be advanced
anteriorly on the grafts to increase tip projection.

Nasal Tip Surgery

Modification of the tip in open rhinoplasty usually
includes the use of a columellar strut. A columellar

strut can be placed to increase tip projection and,
fundamentally, to provide a more stable infrastruc-
ture for modification and shaping of the tip. A
columellar strut also prevents narrowing of the 
columella, which can result if the medial crura are
sutured directly together.

When attempting to increase tip projection, the
columellar strut is placed by retracting the domes
away from the nasal spine and seating the strut pos-
teriorly in the pocket under a moderate amount of
tension. A 25-gauge needle is passed through the
medial crus on one side, the columellar strut, and
the contralateral medial crus (Fig. 7). The medial
crura are sutured to the columellar strut with hori-
zontal mattress sutures. One should keep in mind
that the caudal edges of the medial crura are nor-
mally separated, and the sutures should be placed
so columellar width will not be decreased. Care must
also be taken to position the sutures so that the
caudal edges of the medial crura are even with each
other in a caudal-cephalic direction.

The columellar strut can also be used to control
the columellar-lobular angle. If the columellar-
lobular angle is too obtuse (generally considered to
be greater than 45 degrees), the cephalic margin 
of the medial crura at the angle can be partially
transected. The medial crura are sutured to the 

Figure 6 • Dorsal spreader grafts are placed on either side
of the dorsal septum; they extend from the anterior septal
angle to the osseocartilaginous junction. The graft may be
extended beneath the nasal bones to control bony dorsal
width. (From Gunter JP: Gunter’s approach. In Gunter JP,
Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery
by the Masters, vol 2. St Louis, Quality Medical Publisher,
2002, p 1061.)

Figure 7 • A columellar strut is placed in the soft tissue
pocket while retracting the domes away from the anterior nasal
spine. It is stabilized to the medial crura with the use of a 25-
gauge needle and horizontal mattress sutures to increase tip
projection. (From Gunter JP: Gunter’s approach. In Gunter JP,
Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery
by the Masters, vol 2. St Louis, Quality Medical Publisher,
2002, p 1064.)
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columellar strut to decrease the columellar-lobular
angle (Fig. 8). Conversely, if the columellar-lobular
angle is too acute, the caudal margin of the medial
crura can be partially transected at the angle and
sutured to the columellar strut to increase the 
columellar-lobular angle (Fig. 9).

The next step in modifying the tip is to evaluate
the lateral crura. The most common procedure on
the lateral crura is resection of the cephalic margin
to decrease tip fullness (Fig. 10). The amount of car-
tilage removed should be minimal so that the aes-
thetic result is not compromised. The tip-defining
points of the domes should always be maintained. If
it is desirable to decrease the distance between the
tip-defining points, resection of the cephalic margin
can be extended into the intermediate crura and 
the tip-defining points allowed to move toward the
midline.

Lateral crura strut grafts can be used to correct
the position, improve the shape, or reconstruct the
lateral crura. Lateral crura strut grafts are carved
to a length of 20 to 25 mm and a width of 3 to 4 mm.
A pocket is developed by dissecting the vestibular
skin starting at the cephalic margin of the lateral
crus. The vestibular skin is reflected from the under-
surface of the lateral crus while leaving it attached
to the caudal border. If the graft is placed to reposi-
tion or reconstruct the lateral crura, it is often 
necessary to extend it superficial to the piriform
aperture to provide support. The strut is placed into
the pocket and sutured in position with horizontal
mattress sutures.

A structurally weakened lateral crus may be seen
as alar rim retraction or collapse. In addition to the
lateral crural strut graft, another option to correct
this deformity is a nonanatomic alar strut. The strut
is placed in a pocket between the vestibular and
external skin, just above and parallel to the alar
rim. The pocket is dissected from the lateral aspect
of the marginal incision to the alar-cheek groove. A
strut is carved to the appropriate size and sutured
in place with absorbable suture. The strut can
extend anteriorly as far as necessary to support the
alar rim.

If additional tip projection is desired, it can be
obtained with suture techniques. Tip projection can
be increased by suturing the cephalic borders of the

Figure 8 • The columellar-lobular angle can be decreased by
scoring the medial crura on the cephalic margin and suturing
them to the strut. (From Gunter JP: Gunter’s approach. In
Gunter JP, Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty
Nasal Surgery by the Masters, vol 2. St Louis, Quality Medical
Publisher, 2002, p 1065.)

Figure 9 • The columellar-lobular angle can be increased by
scoring the medial crura on the caudal margin and suturing
them to the strut. (From Gunter JP: Gunter’s approach. In
Gunter JP, Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty
Nasal Surgery by the Masters, vol 2. St Louis, Quality Medical
Publisher, 2002, p 1065.)

Figure 10 • Trimming of the cephalic margin should be per-
formed only to the extent necessary to accomplish the aes-
thetic goals while maintaining as much residual lateral crura as
possible. (From Gunter JP: Gunter’s approach. In Gunter JP,
Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery
by the Masters, vol 2. St Louis, Quality Medical Publisher,
2002, p 1065.)



Primary Rhinoplasty —— 297

H
ead

 an
d

 N
eck, A

esth
etics

intermediate crura together. This maneuver is most
effective in increasing tip projection if the angle of
divergence between the intermediate crura is large.
If additional tip projection is indicated, a horizontal
mattress suture can be placed through the dome so
that the lateral arm of the suture extends lateral to
the tip-defining points more than the medial arm
extends medial to the tip-defining points. When tied,
the suture will recruit part of the lateral crura into
the domes and increase tip projection. Each dome is
sutured in the same manner. If additional tip pro-
jection is still required, one should consider tip
grafts.

If necessary, transdomal sutures can be used to
control the angulation of the domes and the distance
between the tip-defining points to narrow the tip
and provide angulation (Fig. 11).

Osteotomies

Medial osteotomies should be considered if the bony
dorsum is excessively narrow or wide, if the nasal
bones are deviated, or if there are thick nasal bones
that would make it difficult to create a greenstick
fracture. The medial osteotomy should be performed
before the tip is completely stabilized. A 4-mm
osteotome is placed at the septal-bony junction and
angled toward the medial canthus; the medial
osteotomies should end no higher than the medial
canthus.

Lateral osteotomies can be performed through an
endonasal or percutaneous approach. Proponents of
the percutaneous approach believe that the perios-
teum remains partially intact, which helps to stabi-
lize the nasal bones. Proponents of the endonasal
technique believe that this approach is technically
easier and gives the surgeon more control. The
lateral osteotomy extends no farther superiorly than
the medial canthus. The osteotome is angled toward
the maxilla until it reaches the nasal-cheek junc-
tion, at which point it continues superiorly and
curves toward the nasal root (Fig. 12). This angula-

tion preserves a triangle of bone at the base of the
inferior turbinate, thereby preventing medial dis-
placement of the turbinate when the osteotomy is
infractured. After the osteotomy is completed, gentle
digital fracture will complete the greenstick fracture
to the level of the dorsum or the medial osteotomy
site.

Final adjustments are made to tip projection, the
bony dorsum, and the upper lateral cartilage to
correct the final relationship between dorsal height
and tip projection. The upper lateral cartilage is
sutured to the septum and the dorsal spreader
grafts.

Closure

Soft plastic septal splints with an incorporated
airway are placed in the nose before the closure is
started. Closure is begun by aligning the cross-
hatches and suturing the transcolumellar incision.
The marginal incision is closed with interrupted
sutures. The surgeon should recognize any distor-
tion of the alar rim that occurs during placement of
the sutures when closing the marginal incision.
After the closure is completed, the septal splints are
brought forward and sutured to the membranous
septum with a single suture.

After closure, the patient is evaluated to deter-
mine whether resection of the alar base is needed.
If alar base resections are indicated, they are per-
formed at this time.

Figure 11 • Transdomal sutures can be placed to narrow the
tip and provide angulation. The distance between the tip-defin-
ing points can be narrowed by suturing the transdomal sutures
together. (From Gunter JP: Gunter’s approach. In Gunter JP,
Rohrich RJ, Adams WP [eds]: Dallas Rhinoplasty Nasal Surgery
by the Masters, vol 2. St Louis, Quality Medical Publisher,
2002, p 1066.)

Figure 12 • When performing a lateral osteotomy,
Webster’s triangle is preserved to prevent medial displacement
of the inferior turbinate with infracturing of the bones. (From
Gunter JP: Gunter’s approach. In Gunter JP, Rohrich RJ, Adams
WP [eds]: Dallas Rhinoplasty Nasal Surgery by the Masters, vol
2. St Louis, Quality Medical Publisher, 2002, p 1067.)
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An aluminum splint that can easily be molded to
the desired shape is used to position the nasal bones.

Pearls and Pitfalls

To avoid the need for revision surgery, the following
principles should be adhered to:

• Avoid overresection of tissues. This is most
important in reduction of the dorsum and can
be achieved by incremental reduction of the
bony dorsum, followed by incremental reduc-
tion of the cartilaginous dorsum. Trimming of
the cephalic margin should be done only to the
extent necessary to accomplish the surgical
goals. For example, if the goal is to decrease 
tip fullness, removal of the lateral crural scroll
area is usually all that is necessary. This will
prevent overresection and weakening of the
lateral crura, which can result in postoperative
deformity from alar collapse.

• Avoid inadvertent fracture of the dorsal carti-
laginous strut at the osseocartilaginous junc-
tion. Such fracture can be avoided with proper
septoplasty technique by maintaining 10-mm
dorsal and caudal struts.

• Avoid onlay grafts, if possible. If onlay grafts
are used, they should be stabilized by suture to
prevent displacement.

• Stabilize the osseocartilaginous framework.
The open rhinoplasty approach involves exten-
sive dissection, which is accompanied by more
postoperative scarring and contracture.

• Suturing techniques are useful to reshape and
reposition the tip.



Success in secondary rhinoplasty relies not only on
technique but also on communication and under-
standing between the patient and surgeon. Before
undertaking secondary rhinoplasty, the surgeon 
is best advised to allow the normal scarring and
healing to take its course, usually at least 1 year
after the previous intervention. This period also
allows for emotions and anxiety over the first pro-
cedure to dissipate.

Etiopathogenesis

The reasons for a suboptimal outcome in primary
rhinoplasty are multifaceted. It is likely that the
most important factor influencing the outcome of the
initial operation is the surgeon’s experience, includ-
ing an appreciation of the potential problems and
pitfalls associated with rhinoplasty. In addition, 
biologic factors such as a history of wound-healing
problems, skin conditions (e.g., seborrhea), or bleed-
ing disorders can affect a patient’s results. The role
that the airway may play in functional outcomes
after rhinoplasty is discussed in the next chapter,
“The Nasal Airway.”

A perfect outcome in rhinoplasty is difficult to
achieve. Irregularities measuring only a quarter of
a millimeter may result in a visible flaw. Such sub-
tleties may, on occasion, lead to unrealistic demands
on the part of the patient. If imperfections after the
initial surgery are negligible, it is difficult to justify
surgical correction. When a secondary corrective
operation is to be undertaken, a detailed examina-
tion of the nose, discussion of the findings, and a
detailed review of the goals of the operation are 
necessary to ensure a successful outcome.

Pathologic Anatomy

Imbalances in facial features may contribute to a
problem perceived by the patient as purely nasal. 

299

Secondary Rhinoplasty
RAMIN A. BEHMAND
BAHMAN GUYURON

If not addressed, these imbalances may result in
even more patient dissatisfaction after secondary
procedures. Examples include prominence or retru-
sion of the forehead; malar, maxillary, or mandibu-
lar anomalies; and various chin or submental
disharmonies.

Systematic examination of the nose, including 
the internal aspect of the nose, is essential. The
texture of the nasal skin should be evaluated. Thick,
sebaceous skin often prevents optimal nasal defini-
tion. Patients with excessively sebaceous skin may
benefit from a short to intermediate treatment
course with a retinoid. If so treated, the opera-
tion should be postponed to avoid hypertrophic scar-
ring or excessive bleeding.

Secondary rhinoplasty patients are more likely 
to have telangiectasia of the nasal skin, which 
may increase with repeat procedures. In addition,
the thickness of the dorsal skin should be noted
because markedly thin skin may result in visibility
of small imperfections on the dorsum of the nose.
Skin thinness may be intrinsic to the patient or may
have resulted from dissection during the initial
operation in a subcutaneous, rather than sub-
periosteal plane. Correction involves soft tissue 
augmentation with either a dermal or fascial graft.

Scars from the previous operation should be eval-
uated because their appearance may be indicative of
the patient’s healing potential after the secondary
rhinoplasty.

A poorly defined radix is common after dorsal
reduction and may result in an unnatural slope of
the nose in the profile view (Fig. 1).

A residual dorsal hump may be present, specifi-
cally caudally. Alternatively, the dorsum may have
been overresected.

Malpositioned nasal bones or upper lateral carti-
lage may interrupt the lines from the medial aspect
of the brow to the tip. A step deformity may exist if
the osteotomies were performed too anteriorly on
the nasal bones.

The upper lateral cartilages, which control the
shape of the middle nasal vault, may be asymmetric
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or overresected. This asymmetry is often due to 
an anterior septal deviation, although it may (less
frequently) be caused by unilateral overresection of
the upper lateral cartilage with subsequent dis-
placement and malalignment. Furthermore, overre-
section of the upper lateral cartilages may result in
collapse of the middle nasal vault and an inverted
V deformity (Fig. 2).

The nasal cavities should be fastidiously exam-
ined to evaluate functional disturbances of the
airway (see the “The Nasal Airway” chapter).

Supratip fullness may be present and is often due
to inadequate resection of the caudal dorsum. Over-
resection of the caudal dorsum can also result in
dead space in the supratip area, which fills with
blood and can lead to excessive scarring and fullness
in the area, especially in patients with thicker nasal
skin. In addition, inadequate tip projection can 
contribute to a supratip deformity.

Abnormalities of the nasal tip can range from
minor imperfections to significant tip dysmorphol-
ogy. The most common secondary tip deformity is an
underprojected tip.

Weakness of the lower lateral cartilage may affect
the alar rims. The alar rims may be retracted or even
notched because of inadequate cartilage support by
the lateral crura of the lower lateral cartilage.

Abnormalities of the columella can be inherent to
the columella or secondary to the position of the alar
rim. Optimal columellar show in the lateral view 
is between 3 and 4 mm. Patients with a wide
nasolabial angle and suboptimal tip rotation are
prone to excessive columellar show or a hanging 
columella (Fig. 3). Conversely, the columella may be
retracted, creating the unattractive appearance of
hooding by the alar rims in the profile view. Less fre-
quently, this finding is secondary to alar rims that
extend too far caudally and obscure the columella.

Asymmetry of the nostrils and an abnormal
nostril shape can result from widely spaced medial
crura footplates, a deviated nasal spine, or weak-
ness of the lower lateral cartilage. The domes 
should be examined for asymmetry and malposition.

Figure 1 • A profile view of a patient after primary rhino-
plasty illustrates underresection of the radix.

Figure 2 • Collapse of the middle nasal vault and an inverted
V deformity after primary rhinoplasty, as well as overresection
of the upper lateral cartilage. (From Guyuron B, Michelow BJ,
Englebardt C: Upper lateral splay graft. Plast Reconstr Surg
102:2169-2188, 1998.)
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The alar base may be wide, flared, or too thick
and thereby result in a disproportionate appearance
of the caudal aspect of the nose.

Diagnostic Studies

Life-sized photography is the most useful preopera-
tive planning tool. Analysis of life-sized photographs
defines subtle as well as obvious problems of the
nose and allows for accurate surgical planning.
Occasionally, symptoms justify study of the parana-
sal sinuses by computed tomography.

Reconstructive Goals

Reconstructive goals in secondary rhinoplasty are
patient specific. The following abnormalities should
always be addressed in surgical planning:

1 An underprojected or overprojected radix
2 A residual dorsal hump or overresected dorsum
3 Asymmetric or depressed nasal bones
4 Middle nasal vault collapse or nasal airway

obstruction (or both) as a result of septal devi-
ation, turbinate hypertrophy, internal valve
collapse, or synechiae

5 A supratip deformity
6 Tip asymmetry, underprojection or overpro-

jection of the tip, excess tip width, or a
“pinched” tip deformity

7 Collapse of the lower lateral cartilage
8 Columellar retraction or excess, a wide col-

umella, or caudal protrusion of the columella
9 Nasal spine or medial crura footplate 

abnormalities
10 Excessive width and asymmetry of the alar

bases
11 A retracted alar rim

A B

Figure 3 • A, Appearance after primary rhinoplasty with inadequate tip rotation and a hanging columella. B, Correc-
tion of the columella deformity after secondary rhinoplasty.
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Treatment

The surgical exposure required in large measure
determines whether an open or closed approach
should be used in secondary rhinoplasty. Minor revi-
sions can be performed through an endonasal
(closed) approach, but major revisions are best per-
formed via an open technique.

Problems and Their Treatment

OVERPROJECTED RADIX. The ability to attain
only limited exposure with a rasp or an osteotome
makes it difficult to achieve optimal radix contour
and position at the nasofrontal junction. This diffi-
culty often results in an overprojected radix postop-
eratively. A guarded bur can reduce the excess 
bony protrusion of the nasion safely and effectively
(Fig. 4).

UNDERPROJECTED RADIX. If an underprojected
radix is continuous with an underprojected dorsum,
the radix can be addressed with the same dorsal car-
tilage graft made longer and also shaped to address

the radix deficiency. If the dorsum is at the optimal
level, however, a smaller cartilage graft may be
shaped, gently crushed, and placed in a soft tissue
pocket created at the radix in the subperiosteal
plane.

RESIDUAL DORSAL HUMP. A residual dorsal hump
is best reduced by using a rasp with incremental
reduction. Use of an osteotome may result in over-
resection of the dorsum.

OVERRESECTED DORSUM. An overresected dorsum
is best treated with a septal cartilage graft because
of its flat panel shape, thickness, and long-term reli-
ability. The graft should be cut into a fusiform shape
so that the caudal portion of the graft is narrower
than the central segment. The septal graft is gently
crushed and the borders beveled. If greater thick-
ness is needed for the reconstruction, two layers of
the graft may be used. If, according to operative
reports, the majority of the septal cartilage has been
removed previously, one should still consider explo-
ration of the septum for the availability of residual
cartilage. There may be just enough for a dorsal
graft.

A B

Figure 4 • A, A guarded bur and the vector of its introduction into the nose. B, Position and vector of the guarded
bur intranasally.
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In the event that insufficient septal cartilage is
available, conchal cartilage is the second choice for
minor dorsal deformities. However, this residual
cartilage may prove inadequate in both size and
shape for major dorsal deformities. In this situation,
a costochondral rib graft remains a viable option.
Costochondral cartilage is prone to warp when
uneven surface shavings are applied. Carving out a
core segment of the costochondral cartilage helps to
avoid long-term warping. Alternatively, a Kirschner
wire can be buried in the core of the cartilage graft
to maintain its shape. The graft should be narrower
and thinner cephalically and caudally, and all of the
margins should be beveled. Alloplastic material
should not be used.

ASYMMETRIC NASAL BONES. An osteotomy is
often required for correction of asymmetric nasal
bones. Lateral osteotomies can be performed either
percutaneously or through a stab wound in the nasal
vestibule. If the first osteotomy was performed too
anteriorly and resulted in a step-off on the nasal
sidewall, a new posterior osteotomy can correct the
deformity.

Regardless of the type of osteotomy, the soft
tissues and periosteum surrounding the nasal bones
are less mobile because of the formation of scar
tissue after the primary operation. In patients with
multiple trauma or previous osteotomies, it may be
necessary to perform medial, anteroposterior, and
lateral osteotomies, all of which can result in more
extensive calcification and scarring.

NASAL BONE DEPRESSION. Nasal bone depres-
sion can be addressed without an osteotomy if the
depressed bone and attached upper lateral cartilage
do not compromise the airway. The depression can
be camouflaged with a cartilage graft. If the airway
is narrowed, the nasal bone can be outfractured.

UPPER LATERAL CARTILAGE COLLAPSE. Collapse
of the upper lateral cartilages can cause airway
obstruction by narrowing the internal nasal valves
and can result in a noticeable V-shaped deformity of
the middle nasal vault (see Fig. 2). In milder cases,
the collapse can be addressed with spreader grafts.
Through an open approach, the spreader graft is
placed between the upper lateral cartilage and the
septum in a submucoperichondrial position. A piece
of cartilage with a length equivalent to the distance
from the junction of the nasal bones and upper
lateral cartilage to the septal angle is used as a
spreader graft (Fig. 5). If necessary, two pieces of
cartilage can be overlapped to create a greater dis-
tance between the septum and the upper lateral car-
tilage. The spreader grafts, whether unilateral or
bilateral, should be sutured in place with horizontal
mattress sutures to secure the graft to the septum.

For major collapse of the upper lateral cartilage,
a splay graft produces an effect similar to that of a
spreader graft, but in a more predictable and potent

manner. A splay graft is used when the upper lateral
cartilages are too short and attenuated, thus reduc-
ing the effectiveness of the spreader graft. A splay
graft spans the dorsum of the nose by arching from
the medial aspect of one upper lateral cartilage to
the medial aspect of the contralateral upper lateral
cartilage.

The mucoperichondrium on the medial aspect of
each upper lateral cartilage is elevated up to its pos-
terior aspect to create pockets for the splay graft
(Fig. 6). More flexible cartilage, such as conchal 
cartilage, is the ideal donor. Septal cartilage can also
be used if it is sufficiently supple. The septal carti-
lage may need to be crushed gently to render it more
flexible and avoid excessive widening of the lower
portion of the nose. The leading anterior edges of the
upper lateral cartilages are advanced anteromedi-
ally and sutured to the graft to create sufficient
strength of the internal valve and to ensure the
desired contour.

Figure 5 • Illustration depicting the length and position of
spreader grafts. Spreader graft length is equivalent to the dis-
tance from the junction of the nasal bones and upper lateral
cartilage to the caudal end of the upper lateral cartilage.
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SUPRATIP DEFORMITY. A supratip deformity
results from overresection or underresection of the
caudal dorsum or inadequate tip projection. When
the caudal dorsum is overresected, a dead space is
created that may fill with blood and protein-rich
fluid. This fluid results in scar tissue formation and
excess supratip fullness. In a patient with thick
nasal skin, the same sequence of events can occur in
the absence of caudal dorsum overresection because
the skin may be too rigid to conform to the newly
shaped underlying caudal dorsum. A supratip
suture may be used to close the dead space in both
these scenarios. After the nasal sleeve is redraped,
the supratip break is marked with blue dye by
passing a 25-gauge needle through the skin over the
underlying caudal dorsum. The suture approximat-
ing the supratip skin to the caudal dorsal angle is
tied lightly to avoid necrosis of the skin.

When a supratip deformity is due to underresec-
tion of the caudal dorsum during the primary 
operation, a supratip suture can be used to elimi-
nate any resultant dead space after removal of the
excess dorsal septum. If insufficient tip projection is
causing the supratip deformity, a tip augmentation
technique may be selected.

NASAL TIP DEFORMITIES. The most common
deformities in secondary rhinoplasty are nasal tip
deformities. Direct visualization (open approach) of
the tip structures is necessary for a final diagnosis
and optimal correction.

The focus of nasal tip correction centers on the
use of sutures for stabilizing and reshaping the 
cartilage, minor cartilage excision, and the addition
of cartilage grafts. Eight common tip suture 
techniques can be used alone or in conjunction with
other approaches for correction of the nasal tip:

1 A medial crural suture approximates the
medial crura and strengthens support of the
nasal tip. There is also a varying degree of nar-
rowing of the columella.

2 An interdomal suture approximates the domes
and can equalize asymmetric domes.

3 Transdomal sutures narrow the domal arch
while pulling the lateral crus medially.

4 A lateral crural suture enhances the concavity
of the lateral crus and can reduce the interdo-
mal distance.

5 A medial crural anchor suture increases tip 
projection, rotates the tip cephalically, and
retracts the columella.

6 A tip rotation suture shifts the tip cephalad and
retracts the columella.

7 A medial crural footplate suture approximates
the footplates, narrows the columella base, and
improves the undesirable shape of the nostrils.

8 A lateral crural convexity control suture affects
the shape of the lateral crus.

Common problems in the tip area include inade-
quate tip projection, excessive tip projection, and

A B C

D E

Figure 6 • Splay graft. A and B, The mucoperichondrium on the medial aspect of each upper lateral cartilage is elevated up to
its posterior aspect to create pockets for the splay graft. C and D, Once the cartilage has been shaped, it is inserted into the pockets
that have been created. E, The cartilage is sutured to the septum with 5–0 PDS sutures.
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excess or suboptimal tip width. Inadequate tip 
projection can be addressed with the previously
described suture techniques, with tip cartilage
grafting alone, or with a combination of the two
measures. The size of the lobule and columella is a
key factor in deciding which technique should be
used. For a patient with a small infratip lobule and
an underprojected tip, a tip graft or a suture tech-
nique commonly narrows the tip and provides more
projection. If the columella is short, a columellar
strut or anchor suture would be a better choice. A
combination of these techniques usually provides
the best results.

Excessive tip projection may be addressed by
resection of the medial crura footplates or the end
portion of the lateral crura, or a combination of both.
One must take into account the tripod effect. For a
short and overprojected tip, removal of the foot-
plates reduces tip projection and causes caudal 
rotation. When the nose is long, resection of the 
posterior portion of the lateral crura reduces tip pro-
jection and shortens the nose. On rare occasions
pathologically deformed domes may be resected to
alleviate this problem. Finally, excessive tip width
can be altered with a combination of the previously
described suture techniques if it is believed that
scarring and decreased cartilage flexibility will
require some trial-and-error attempts before the
optimal result is achieved.

LOWER LATERAL CARTILAGE COLLAPSE. In
patients with collapse of the lower lateral cartilage,
a lower lateral cartilage strut can be used to remedy
the deformity. An appropriately sized piece of carti-
lage is placed on the undersurface of the lower
lateral cartilage such that it spans from the piriform
aperture to the ipsilateral dome. The strut is
sutured in place with 6–0 PDS suture.

COLUMELLAR RETRACTION. If the columella
appears to be retracted, several similar options exist
to enhance it. An interposition cartilage graft may
be added to the caudal septum, in effect protruding
the overlying medial crura and therefore the col-
umella. However, this measure may move the tip
caudally as well. Alternatively, a columellar carti-
lage strut may be used. The strut is placed between
the medial crura and extends from the anterior
nasal spine to the anterior septum. The columella
advances caudally, but tip projection also increases.
If this is not the desired effect, only a cartilage graft
should be used because it does not affect the domes
or the alar rim but only increases the caudal pro-
jection of the columella.

EXCESSIVE CAUDAL PROTRUSION OF THE 
COLUMELLA. In patients with excessive caudal pro-
trusion of the columella (see Fig. 3), a rectangular-
shaped piece of cartilage can be resected from the
cartilaginous caudal border of the septum. A pro-
portionate amount of lining is also removed from the

membranous septum parallel to the columella.
Cephalic rotation of the nasal tip would result if the
resected segment were triangular and based ante-
riorly. In an underprojected nose with excessive 
columellar show, the evagination technique may be
used. This technique involves overlaying the foot-
plates and medial crura and fixing them over the
caudal septum in a more anterior position.

NASAL SPINE AND MEDIAL CRURA FOOTPLATE
ABNORMALITIES. These abnormalities affect the
base of the columella and can be addressed through
a hemitransfixion incision. Deviation of the base of
the columella may be due in part to an asymmetric
anterior nasal spine that affects not only the base of
the columella but also the caudal aspect of the nose.
Greenstick fracture of the nasal spine into a more
symmetric midline position can alleviate this source
of caudal nose deviation. With a wide columellar base
and underprojected tip, the footplates of the medial
crura can be approximated by a suture after resect-
ing the intervening soft tissues. These steps narrow
the columellar base and strengthen nasal tip
support. In an overprojected nasal tip with a wide col-
umellar base, correction would involve resection of
the footplates and approximation of the medial crura.

ABNORMALITIES OF THE ALAR BASE. Alar base
abnormalities are common. Wide alar bases are
encountered most frequently, but varying degrees of
asymmetry exist. Alar base resection can be under-
taken by removing tissue from either the nostril sill
or the lateral aspect of the alar base. A combination
of the two can be performed simultaneously, thus
reducing nostril size and alar base width. With
medial movement of the alar base, there is also
caudal relocation of the alar rim. A retracted alar
rim is addressed by using a lower lateral crura strut,
which advances the rim caudally. In more notable
retraction, V-Y advancement of the vestibular lining
and rim can be undertaken. A composite chondrocu-
taneous graft may be used to advance the alar rim
caudally. 

Figures 7 and 8 illustrate representative case
studies.

Postoperative Care and
Complications

Postoperatively the nose is secured with tape. This
tape should help the skin envelope adapt to the
underlying osteocartilaginous framework. It should
help eliminate dead space, especially in the supratip
area. A light splint is used to protect the nose and
maintain the position of the nasal bones.

Routine complications such as infection, bleeding,
and numbness should be discussed, as well as 
possible problems specific to the patient’s care. The

Text continued on p. 14
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C D

Figure 7 • A-D, Patient who had previously undergone rhinoplasty but has a persistent low radix, poor tip definition
with inadequate tip support, and midvault weakness on examination. 
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Figure 7, cont’d • E and F, A cartilage graft to the radix and upper dorsum, spreader grafts, a tip graft, a columel-
lar strut, and medial crura sutures were placed. G-J, Approximately 1 year after secondary open tip rhinoplasty. (From
Guyuron B, Varghai A: Lengthening the nose with a tongue-and-groove technique. Plast Reconstr Surg 111:1533-1539,
2003.) Continued
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Figure 7, cont’d.
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C D

Figure 8 • A-D, Significant deformities of the dorsum, nasal bones, and lower lateral cartilage and nasal length 
deficiencies are noted after primary rhinoplasty. Continued
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E F

G

Figure 8, cont’d • E-G, Technique of open secondary rhinoplasty with lateral osteotomies, a dorsal graft, a tip graft
with transdomal sutures, and alar rim grafts with the use of a tongue-and-groove technique. 
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Figure 8, cont’d • H-K, Postoperative appearance. (From Guyuron B, Michelow BJ, Englebardt C: Upper lateral
splay graft. Plast Reconstr Surg 102:2169-2188, 1998.)
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limited supply of septal cartilage, the potential need
to harvest cartilage from other sites (namely,
conchal and costal cartilage), and potential compli-
cations associated with each site should be discussed
with the patient. Patients undergoing secondary
rhinoplasty have a higher likelihood of telangiecta-
sia, increased scar tissue, and skin sleeve shrinkage.
Abnormal healing should be discussed with the
patient, especially those with documented wound-
healing abnormalities. Despite all efforts to avoid
such an outcome, the potential for decreased nasal-
breathing capacity should be discussed with the
patient. Challenging secondary rhinoplasties will
most likely require future revision to achieve the
optimal result.

Pearls And Pitfalls

• Define the nasal deformity and establish goals
in a systematic manner.

• Prepare the patient for a less than perfect
outcome.

• Previous operative reports and preoperative
conjectures may not always correlate with in-
traoperative findings, and this problem can be
compounded by the presence of extensive scar
tissue, rigidity, and distorted anatomy.

• Facial structures that impinge on nasal har-
mony should also be addressed.

SUGGESTED READINGS
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The nasal airway is a complex, dynamic anatomic
structure. In addition to septal deviation and
turbinate hypertrophy, structural integrity of the
internal and external nasal valves is a key element
of airway patency. Detailed preoperative assessment
of these four anatomic areas is critical for success-
ful correction of nasal obstruction.

Etiopathogenesis

Nasal airway obstruction can involve an interplay
between several reversible and nonreversible com-
ponents. Reversible factors are related to the normal
nasal cycle or to mucosal edema secondary to aller-
gic or vasomotor rhinitis. Nonreversible anatomic
components include a deviated septum, enlarged
bony turbinate, nasal polyps, and weakened nasal
valves.

The cause of the perceived symptom of nasal
obstruction is occasionally related to a patient’s poor
understanding of the normal nasal cycle. Patients
believe that any restriction to airflow from either
nasal passage is a symptom of nasal airway obstruc-
tion. Educating patients about alternation in the
laterality of nasal airflow is important and can be
even more important after surgery. Patients with
long-standing nasal obstruction may also be unfa-
miliar with the sensation of restored nasal airflow
after successful surgery.

Classic reductive rhinoplasty that emphasizes
removal or reduction of nasal tissue (or both) is 
a common cause of iatrogenic nasal airway com-
promise because the support of the nose is weak-
ened. Reductive maneuvers can destabilize the
nasal valve and lead to significant nasal valve 
compromise.

Nasal obstruction was previously considered syn-
onymous with either septal deviation or turbinate
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hypertrophy. As understanding of nasal function has
become more sophisticated, it is now known that
these conditions are not the only cause of obstruc-
tion. The stability and strength of the lateral nasal
wall and external nasal valve can also greatly affect
a patient’s ability to breathe through the nose. In
some patients the patency and integrity of the inter-
nal valve may be the most important aspect of the
nasal airway. Conversely, a deviated septum may in
fact have much less effect on airway patency than
previously thought. Moreover, approximately 18% of
nasal septa in the general population are “deviated.”

In some patients, the external valve has also been
shown to be an isolated cause of nasal obstruction, 
as documented by rhinomanometric studies. In these
patients, improvement of external valve function 
corrects obstructive symptoms.

Pathologic Anatomy

The overall patency of the nasal valve is affected by
the septum, turbinates, and internal and external
nasal valves. The internal valve is defined as the
area formed by the junction of the caudal edge of the
upper lateral cartilage and the quadrangular carti-
lage and is bounded inferiorly by the floor of the nose
and inferolaterally by the inferior turbinate. The
external valve is defined as the entrance to the nares
and consists of the alar sidewalls and crural carti-
lage. The size and patency of the nasal airway is
dependent on both static structures and dynamic
forces. Static structures relate to the position of the
septum and the size of the inferior and middle
turbinates. Dynamic elements include mucosal
hypertrophy secondary to allergic or inflammatory
rhinitis and the integrity of the internal and exter-
nal nasal valves. Any congenital or acquired weak-
ness of the upper or lower cartilage or their
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investing soft tissue may affect the ability to main-
tain adequate nasal airflow volume. Understanding
the concept of static structures and dynamic forces
provides a critical foundation for successful treat-
ment of nasal airway obstruction.

The internal nasal valve is the narrowest cross-
sectional passage in the nose. The attachment of the
caudal edge of the upper lateral cartilage to the
septum forms an angle of approximately 10 to 15
degrees with a resulting cross-sectional area of 55 to
83 mm. During normal respiration, one of the phys-
iologic roles of the nasal valve is to create some
element of airflow turbulence. When air is inspired,
it is forced to pass through the narrow nasal valve
area, which increases its speed and pressure. As the
speed increases, laminar flow is disrupted and
increasing turbulence results. Some turbulence is
necessary for normal nasal function. Turbulence
serves to promote contact between air and mucosa
and allows the inspired air to be cleansed of parti-
cles, humidified, and heated or cooled. When the
nasal valve is compromised, exaggerated turbulence
occurs and leads to collapse at lower pressure,
thereby contributing to the symptom of nasal
obstruction.

Diagnostic Studies

Diagnosis of nasal valve obstruction relies heavily
on careful consultation. History taking should focus
on the laterality of symptoms, association with aller-
gies, patterns of congestion (daytime, nighttime,
seasonal, etc.), previous nasal surgery or nasal
trauma, and response to medications.

Patients may provide a history of improved nasal
breathing after the application of external nasal
splints (e.g., Breathe Right). This information can
provide partial evidence of internal or external valve
collapse because these devices add support to the
lateral nasal wall.

The physical examination begins by observation
of the patient’s breathing. An inexperienced exam-
iner may mistakenly proceed directly to topical
decongestion followed by anterior rhinoscopy with 
a nasal speculum and lose the ability to diagnose
airway abnormalities best appreciated by direct
observation of the patient’s nasal breathing. Obser-
vation may also demonstrate valvular dysfunction,
which exceeds septal deviation as the primary cause
of nasal airflow obstruction. Close inspection of the
nose may reveal medial collapse or “pinching” in the
supraalar region. Close observation of the supraalar
fold (corresponding to the internal nasal valve) often
reveals dynamic collapse with exertional nasal
breathing. Forceful nasal breathing can serve to
identify areas of inherent weakness in the patient’s
nasal valve. Collapse in the area of the supraalar
crease may be observed, and even collapse of the
alar rim can be seen. After observing normal nasal

respiration and exertional nasal respiration, the
patient is instructed to cover one nostril at a time.
This maneuver documents which side is predomi-
nately contributing to the patient’s symptom of
nasal obstruction.

After cosmetic rhinoplasty with overresection of
the dorsum and collapse of the middle vault,
patients can have an “inverted V” deformity (Fig. 1).
This physical sign is strong evidence of internal
valve collapse and often indicates patients who will
benefit from placement of a spreader graft.

After observation, the intranasal examination
should be performed with a light source, nasal
speculum, and fine probe. A topical decongestant
and anesthetic agent should also be available. The
physiologic and structural interrelationships of the
intranasal anatomy, especially the four most
common culprits of nasal airway obstruction (the
septum, turbinates, internal valves, and external
valves), are individually examined. An assessment
of turbinate size should be made before the applica-
tion of any decongestant. Routine decongestion of all
patients should be performed to avoid missing

Figure 1 • The classic “inverted V” deformity caused by
aggressive dorsal resection and middle vault collapse.
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pathology such as synechiae or other posterior
abnormalities obscured by the turbinates. Either
rigid or flexible nasal endoscopy should be per-
formed when necessary to evaluate the more poste-
rior parts of the nasal cavity that can be obscured
by significant septal deviation.

Lateralization of the cheek and lateral wall of the
nose (the Cottle maneuver) may result in improved
nasal airflow and is helpful in distinguishing
patients with valvular dysfunction from those with
septal or turbinate pathology (Fig. 2).

After the diagnosis of nasal valve collapse has
been established, a more accurate determination of
the contribution from either the internal or external
nasal valves can be obtained by intranasal palpation
with a fine probe. During quiet and forced inspira-
tion, lateral displacement of the internal and exter-
nal valves can produce dramatic improvements in
breathing on the affected side and assist in making
an accurate diagnosis.

Other techniques such as acoustic rhinometry
and rhinomanometry are used occasionally to help
diagnose obstruction of the nasal airway. Both have
drawbacks and limitations that preclude their
routine use.

An evolving problem in the treatment of nasal
obstruction is the justification of nasal airway oper-
ations to third-party insurance carriers. It is not
uncommon for insurance companies to require a pre-
operative computed tomographic (CT) scan to docu-
ment septal irregularities. This practice should be
discouraged because it adds unnecessary cost to
medical care and exposes the patient to a needless
dose of radiation. Moreover, the static images gen-
erated by CT scanning provide little information
about more dynamic problems such as a weak
lateral nasal wall or nasal valve collapse.

Intranasal photography is technically difficult,
requires costly equipment, and is impractical as a
means of photodocumentation.

Goals of Reconstruction

The primary goal of any nasal operation should be
to improve the patient’s breathing, even in cases
undertaken for both functional and aesthetic
reasons. The surgeon should accurately diagnose
the causative pathology preoperatively and perform
the surgery by using a problem-oriented approach.

Treatment

Septoplasty is an often underappreciated operation
given its potential complexity. Most septoplasty
operations can be successfully performed via an
endonasal approach. However, consideration should
be given to an external approach for revision septo-
plasty, correction of severe caudal and high superior
deflection, and insertion of spreader grafts.

It is the surgeon’s obligation to qualify an opera-
tion as a true septoplasty only in patients in whom
the operation is performed to improve all deviated
parts of the septum (cartilaginous and bony). Incom-
plete attention to the entire cartilaginous and bony
septum is not only surgically inadequate to improve
the airway but may also make secondary septal
surgery more difficult. Revision septoplasty to
correct posterior deflection not addressed in the
primary operation is inherently more difficult than
primary septoplasty. Dissection between the bilat-
erally apposed mucoperichondrial flaps can be tech-
nically demanding and can place the patient at an
increased risk for septal perforation.

If fixed anatomic obstruction is corrected by sep-
toplasty without dynamic forms of nasal obstruction
(i.e., valve collapse) being corrected, the patient may
experience persistent obstruction. Spreader grafts
are particularly useful for correction of internal
nasal valve collapse, as demonstrated in patients
with an overly narrow middle nasal vault (often
seen as an “inverted V deformity” on frontal view).
Spreader grafts measure approximately 5 to 15 mm

Figure 2 • The Cottle maneuver.
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in length, 3 to 5 mm in width, and 1 to 2 mm in
thickness. They are typically positioned from the
osseocartilaginous junction to a point just cephalad
to the septal angle. In the endonasal approach,
precise submucosal tunnels must be developed that
are sufficiently tight to prevent shifting of the graft.
With an external or “open” approach, the grafts can
be directly inserted between the upper lateral carti-
lage and septal cartilage and sutured in place (Fig.
3). The spreader grafts ensure that adequate middle
vault width is established and inferomedial collapse
of the internal valve is prevented.

Alar batten grafts are curvilinear cartilage grafts
that are placed in a precise pocket at the point of
maximal lateral wall collapse or supraalar pinching.
The grafts may be fashioned from curved pieces of
septal cartilage or from the cavum or cymba concha
of the ear. Batten grafts are normally placed in a
precise pocket lateral to the lateral crura at the
point of maximal lateral wall collapse. This area can
be easily identified as a prominent area of lateral
wall medialization or pinching (Fig. 4). This is also

the area of structural deficiency after rhinoplasty in
which excess lower lateral cartilage has been
resected. The more concave portion of the graft is
positioned medially to counteract the forces of col-
lapse during nasal inspiration. In most cases, alar
batten grafts also create fullness or convexity at the
site of the graft that tends to decrease as edema
resolves and scar contracture compresses and shifts
the graft medially.

Some patients may present with a widened col-
umella (Fig. 5). Although a widened columella alone
is not usually the sole source of nasal obstruction, it
can contribute to obstruction when other conditions
such as external nasal valve collapse or caudal
septal deviation are present. Septoplasty and caudal
trimming alone do not correct this condition. There
is often excess width of the posterior septal angle;
this cartilage can be trimmed to allow the medial
crural footplates to medialize. After the soft tissue
is removed, the footplates of the medial crura must
be brought to the midline with a suture placed bilat-
erally through the nasal vestibule.

Turbinate hypertrophy may also narrow the nasal
airway sufficiently that treatment is required. The

Figure 3 • Spreader grafts: bilateral cartilage strips sutured
between the upper lateral cartilage and the quadrangular 
cartilage.

Figure 4 • Alar batten graft and outline of recipient site.
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narrowest area of the nasal cavity is in the most
anterior aspect of the internal nasal valve. Aggres-
sive inferior turbinate resection beyond its anterior
third rarely results in improvement in the cross-sec-
tional area of the nasal cavity. Moreover, resection
of the majority of the inferior turbinate places the
patient at risk for atrophic rhinitis.

In indicated patients with inferior turbinate
enlargement who fail to respond to, or are intoler-
ant of, nasal steroid sprays or oral decongestants,
surgical management of the inferior turbinates may
be indicated. A number of surgical treatment options
exist, but all can be classified into one of three cat-
egories, depending on the tissue layer treated. The
first is submucous resection of the inferior turbinate
bone, which often results in expansion of the nasal
airway. The turbinate is incised along its anterior
head or inferior margin, and the submucosal bone is
resected. A second option is destruction of the infe-
rior turbinate mucosa, typically performed with one
of a variety of lasers or exfoliative chemicals. These
treatments destroy the epithelium and underlying
glandular structures, thereby causing fibrosis of the
layers. Both resection and destruction can put
patients at significant risk for atrophic rhinitis, par-
ticularly those living in drier, cooler climates. The
third and more recent approach is to target the vas-
cular erectile tissue of the inferior turbinate while
leaving the overlying mucosa largely undisturbed.
This technique can be performed either with elec-
trical energy (needle point cautery or radiofrequency
ablation) or with a soft tissue shaver. The latter
yields a predictable and immediate reduction in size
of the inferior turbinate while preserving its humid-
ification and secretory functions.

Middle turbinate enlargement rarely contributes
to nasal airway obstruction. The increase in size is
typically due to pneumatization of the anterior and
inferior portion of the turbinate and is known as
concha bullosa (Fig. 6). Such a phenomenon is
usually seen in association with septal deflection to
the contralateral side, and maximization of the
nasal airway may require addressing both condi-

tions. Correction of the septal deflection alone might
result in lateralization of the enlarged middle
turbinate and compromise of anterior ethmoid and
maxillary sinus outflow. Simple crushing of the
concha bullosa may instead lead to mucociliary
obstruction. Removal of one of the lamellae of the
concha is consequently the preferred technique.

Synechiae can be another problematic cause of
nasal obstruction. They can result from recurrent
intranasal infections or previous trauma, but the
majority are secondary to iatrogenic trauma that
occurs during septoplasty and nasal surgery. The
surgeon should handle the septal flaps delicately at
all times to prevent tears in the mucosa. It is criti-
cal that one dissect the mucoperichondrial flap
below the perichondrium to maximize flap strength
and thickness. Whenever there is concern that the
raw surfaces of the turbinates are going to be in
contact with the septum, it is wise to place a thin
intranasal septal splint.

Complications

Complications after nasal airway surgery are not
common. Postoperative infection is infrequent, and
bleeding is uncommon as well. A small rolled piece
of Telfa gauze in each nasal airway helps to stent
the airway and absorb any blood from the nasal
surgery. A nasal drip pad is routinely applied for the

Figure 5 • Widened medial crural footplates contributing to
obstruction of the external valve.

Figure 6 • Coronal computed tomographic image demon-
strating concha bullosa involving the right middle turbinate.
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first 24 hours after surgery. Extensive full packing
of the nose is rarely necessary.

Most complications of nasal airway surgery are
not immediately apparent but, instead, manifest
weeks after surgery when intranasal swelling has
decreased and it is evident that the airway has not
been improved. This is usually the result of a tech-
nical error in the operation. Failure to diagnose the
condition preoperatively can also contribute to sur-
gical failure. Often, failure to improve a patient’s
airway is the result of an inappropriate operation.
Placement of inadequate spreader grafts or under-
sized battens can also lead to poor outcomes. 
Attention to detail in every step of the patient’s 
preoperative evaluation, operative procedure, and
postoperative care is the surgeon’s best tool to
prevent unsuccessful outcomes.

Pearls and Pitfalls

• Understand that nasal obstruction is sec-
ondary not only to deviated septa and enlarged
turbinates but also to the more dynamic struc-
tures of the internal and external nasal valves.
These four structures must be routinely and
individually evaluated.

• Perform a complete physical examination.
Direct observation of the patient’s nasal respi-
rations—both quiet and vigorous—helps to elu-
cidate the causes of nasal obstruction. Avoid
the temptation to proceed immediately to nasal
speculum anterior rhinoscopy and spend a suf-

ficient amount of time meticulously inspecting
the four main anatomic structures that affect
the nasal airway.

• During surgery, handle nasal tissues with care
and delicacy. Carefully dissect the mucoperi-
chondrial membranes. Expose all septal irreg-
ularities (cartilaginous and bony), and close all
tissues meticulously.

• Place a supportive dressing on the nose to allow
for soft tissue stabilization as the grafts heal.

• Monitor patients long-term because post-
operative nasal obstruction may take weeks to
manifest.

• Both functional and aesthetic nasal operations
should routinely include techniques that main-
tain or improve the airway.
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The chin is one of the major components of the lower
third of the face. It defines the lower facial aesthetic
lines and completes overall facial harmony. It is a
symbol of strength and intelligence. The purpose of
this chapter is to review the aesthetic goals of chin
surgery and to demonstrate reproducible surgical
techniques that provide optimal results.

Pathologic Anatomy

Problems of the chin are divided into two broad 
categories: those related to facial skeletal disorders
and those related to isolated chin disorders. Skeletal
disorders with associated chin deformities, such as
those found in Treacher Collins syndrome and cran-
iofacial microsomia, are discussed in other chapters.
In addition to syndromic skeletal disorders, chin
problems may be associated with mandibular abnor-
malities such as prognathism and micrognathia. 
Isolated chin deformities can be subdivided 
into disorders of vertical or horizontal excess
(macrogenia) or deficiency (microgenia).

Facial Analysis Systems

A systematic definition of the ideal projection of the
chin has been proposed by many authors. These pro-
posals are rough guidelines, and important vari-
ables such as age, stature, gender, and ethnicity
must also be considered. A useful guideline for hor-
izontal projection of the chin is the Gonzalez-Ulloa
and Stevens line (Fig. 1), which is drawn at right
angles to the Frankfort horizontal plane and should
touch the soft tissue radix and the most anterior soft
tissue point of the chin. The Gonzalez-Ulloa and
Stevens line usually gives a strongly projecting chin.
Another commonly used guide is the Steiner line,
which passes through the nasal inflection point and
is tangent to the chin and the upper and lower lips.
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In the frontal view, the chin should project such that
the lower third of the face is divided by the com-
missure into an upper third and lower two thirds
(Fig. 2).

Men and women have different facial aesthetic
standards, with a prominent chin being more
acceptable in men. In addition, the chin has a
complex interplay with the nose such that larger
chins are balanced by larger noses and less project-
ing chins by smaller noses.

The chin is composed of bony and soft tissue com-
ponents. The bony component represents the most
anterior portion of the mandible. It is best defined
by the anterior and inferior margin of the mandible
and has characteristic prominences, including the
mental protuberance and the mental tubercle. The
soft tissue of the chin is composed of the paired men-
talis muscle, depressor labii inferioris, depressor
anguli oris, and orbicularis oris. The mentalis
muscle is the most important not only because of 
its size, but also because of its critical function as
the only elevator of the lower lip. The muscle also
defines the chin pad and chin cleft, the latter attrib-
uted to a diastasis of the mentalis muscle. In most
cases, when the mentalis muscle is incised, there is
a white central muscle-free zone. In patients with
clefts, the muscle-free zone is accentuated, and
there is more fibrous tissue between the paired 
mentalis muscles.

Preoperative Evaluation

Patients should undergo a through examination of
the lower part of the face. The occlusion and dental
relationships should be noted. Patients with poor
dental relationships may benefit from orthognathic
surgery in addition to chin surgery. The lip/tooth
relationships are noted. The lower lip at rest should
be above the lower incisors. An overly recumbent
lower lip with incisor show is often associated with
poor lip competence and muscular hypertrophy in
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an attempt to achieve competence. These patients
are at increased risk for postoperative lip ptosis
unless the lip is supported. They are also at risk for
complications with chin implantation. The motor
innervation of the lower lip should be documented
in addition to evidence of mentalis fasciculation.
Fasciculations may indicate poor lip relationships
and should alert the surgeon. The sensation of the
lower lip should be tested. It is not uncommon to

have temporary or even permanent sensory changes
postoperatively, and these changes should be differ-
entiated from preoperative sensory disturbances. If
chin implants are planned, the mental tubercle
should be palpated. If prominent, it may interfere
with seating of the implant and may need to be 
contoured.

All patients desiring chin surgery should be eval-
uated with standard photographs. They are useful
in discussing the goals of surgical correction. The
photos should note the position of the lips and the
relationship of the lips to the underlying teeth. Some
patients have preoperative incisor show. Other
patients have evidence of mentalis fasciculation,
which must be noted and incorporated into the 
operative plan.

Cephalometric analysis is indicated for four
reasons: to document the position of the mental
foramen, to illustrate the interplay of the bone and
soft tissue, to show the depth of the canine roots,
which can approach the inferior border in an
extremely deficient mandible, and to evaluate the
overall jaw position.

A combination of studies assists the surgeon in
planning the amount of augmentation or reduction.
The surgeon must keep in mind that a bony correc-
tion of 1 mm is translated to approximately 0.8 mm
of soft tissue advancement. For greater advance-
ment, specifically, those greater than 1 cm, the ratio
probably drops to 1:0.7. Patients who require only
minor augmentation of the chin can forego cephalo-
metric studies.

Reconstructive Goals

The goal of aesthetic chin surgery is to provide a
pleasing outline of the lower third of the face and
restore overall facial harmony. The chin should be
positioned so that its greatest projection lies on 
the facial midline. It should not draw attention 
away from other facial features. It should support
lower lip position, preserve lower lip movement or
sensibility, and allow for unconscious lip compe-
tence. It is important to accomplish these goals
safely and avoid postsurgical nerve insensibility and
motor dysfunction.

Surgical Treatment

A horizontal deficiency with vertical neutrality is the
most common indication for aesthetic chin surgery.
This deficiency may be an isolated complaint, but it
is often coupled with other facial aesthetic requests
such as rhinoplasty or facialplasty.

Patients should be divided into two general
groups. The first includes patients requiring only
minimal augmentation, which is best accomplished

Figure 1 • The Gonzalez-Ulloa line determines the ideal hor-
izontal chin projection. (From McCarthy JG, Ruff G: The chin.
Clin Plast Surg 15:125, 1988.)

Figure 2 • Ideal vertical projection of the chin. The lower
third of the face should be divided into an upper third and lower
two thirds by the lips. (From McCarthy JG [ed]: Plastic Surgery.
Philadelphia, Saunders, 1990.)
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by placement of a chin implant. It is preferable to
place the implant via the submental approach for
three reasons: a lower chance of muscular lip 
problems because the mentalis muscle is left 
undisturbed, decreased incidence of infection, and
technical ease of placement with a lower rate of
implant malposition.

Small to medium-sized silicone implants are
preferable to larger ones. Silicone implants are easy
to insert and are easier to remove in the event 
of malpositioning or extrusion/infection. Before
implantation, a suture or notch is placed in the
midline of the implant both to orient the implant
and to stabilize it once implanted. The facial midline
is also marked. It is important to note that the
midline of the chin and the dental midline can be
different from the facial midline. This discrepancy
should be noted so that the implant does not accen-
tuate any preexisting asymmetry. A submental inci-
sion is made and a subperiosteal implant pocket
dissected. A periosteal elevator slightly smaller than
the implant is used to avoid creating an oversized
pocket. The surgeon’s free hand is placed on the
mandibular border to keep the pocket as low on the
mandible as possible. The pocket is made slightly
longer than the implant on the patient’s left side
because a right-handed surgeon has more control
here. It is slid completely on the left side, bent, and
advanced into the right side. The sliding motion pre-
vents the tails of the implant from being angulated
or kinked. After the implant is in place, it is secured
with a suture. The pocket controls the cranial/

caudal position, and the suture controls lateral
movement of the implant (Fig. 3).

The second group includes younger patients,
patients requiring more than a medium-sized
implant, or those needing more than 8 mm of
advancement. A sliding genioplasty is preferred. In
addition, patients with mentalis fasciculation from
marginal lip competence and patients who would
benefit from orthognathic surgery but refuse are
also better suited to a chin osteotomy.

The incision is made on the lingual aspect of the
lip approximately 15 mm above the gingivobuccal
sulcus. The mucosa is dissected from the underlying
muscle to the depth of the sulcus. The mentalis
muscle is divided. The lower portion of the mandible
is degloved in a subperiosteal plane. It is important
to identify the mental foramen below the first or
second bicuspid to avoid injury to the mental nerve.
The midline of the mandible is scored to establish
midfacial identification. The mandible is osteoto-
mized 12 to 15 cm above the inferior border in the
midline to a portion just below the mental foramen.
It is important to plan the osteotomy on preopera-
tive cephalograms to ensure the safety of the canine
roots and the inferior alveolar nerve. The bony
segment is advanced and fixated, with the posterior
muscle attachments left intact as they provide 
vascularity to the chin segment. Either lag screws
or prebent genioplasty plates can be used for rigid
fixation. The plates have the advantage of providing
precise, preset advancement. The posterior edge of
the chin segment is contoured with a bur so that it

B

Chin implant
under periosteum

Suture

Mental
foramen

Periosteal
elevator

Periostem
(elevated)

Skin

Mandible

A

Figure 3 • Placement of a chin implant. The implant should be placed just at the lower border of the mandible. The pocket should
be kept as small as possible to avoid implant malpositioning. A, Surgeon’s view in creation of implant pocket. B, Final implant posi-
tion. Note the midline suture.
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is not palpable (Fig. 4). The mentalis muscle is
repaired in a slightly higher position, and the
mucosa is closed in an interrupted fashion and chin
straps applied to the chin.

In patients with horizontal deficiency and vertical
excess, a jumping genioplasty is performed (Fig. 5).
The surgical approach and line of osteotomy are the

same as for the sliding genioplasty; however, the
segment is advanced so that the posterior cortex of
the chin segment rests on the anterior cortex of the
mandible. This maneuver simultaneously decreases
the vertical dimension and provides significant hor-
izontal advancement. The horizontal advancement
is often excessive, but the osteotomized segment can
be burred on its posterior aspect to prevent over-
projection of the chin. In this situation, lag screws
are the fixation method of choice.

In the case of combined horizontal and vertical
deficiency, the osteotomy is performed in the same
manner (see Fig. 5); however, an interpositional
bone graft is placed to increase the vertical dimen-
sion at the same time as the horizontal deficiency is
addressed. The bone graft source can be the iliac
crest or the calvaria. The calvaria has the advantage
of ease of harvest and minimal donor site 
discomfort.

Patients with horizontal and vertical excess
should undergo reduction genioplasty. This proce-
dure is performed in a similar fashion as other chin
osteotomies (Fig. 5). A parallel osteotomy is made
and the intervening segment of bone removed. The
osteotomized segment is secured with screws or
plates in either an advanced or a recessed position.
One must note that direct removal of the inferior
segment of bone yields poor results because of dis-
ruption of the critical bone-muscle interface. In
certain patients with isolated horizontal excess, the
anterior portion of the chin can be directly removed
with a bur. To obtain a constant result, it is helpful
to cut the most projecting portion of the mandible
with a sagittal saw to the depth of the reduction and
then use a bur to reduce the bone to this level.

Postoperative Care

As previously mentioned, a chin strap is applied at
the conclusion of the operation to provide support
and comfort and decrease the edema associated with
the procedure. All patients with osteotomies are also
instructed to use Peridex oral rinse five times a day.
They are kept on a liquid diet for 2 days and tran-
sitioned to a soft diet as tolerated. Patients take pro-
phylactic antibiotics for 3 days.

A

B

Figure 4 • Sliding genioplasty. A, The osteotomy is made in
a plane parallel to the occlusal surface. Consequently, there is
no change in the vertical dimension. B, Lag screws provide fix-
ation. The poles of the advanced segment have been con-
toured. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia,
Saunders, 1990.)

Figure 5 • A, Combined vertical excess and horizontal deficiency are best treated by jumping genioplasty. B, Combined verti-
cal and horizontal deficiency is treated by interpositional genioplasty. C, Vertical excess is treated by reduction genioplasty with
either an anterior or posterior slide. (From McCarthy JG [ed]: Plastic Surgery. Philadelphia, Saunders, 1990.)
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Pearls and Pitfalls

• Avoid large or extended implants, especially in
younger patients, because they can result in
long-term bone erosion and are more prone to
malposition. These patients are better candi-
dates for osseous genioplasty.

• For chin implants, create a small pocket at the
mandibular border. Such a pocket decreases
implant mobility and allows for more accurate
positioning.

• Leave a generous cuff of mucosa to facilitate
suture closure.

• Preoperatively plan the movement of the
osteotomy segment on the cephalogram.

• Stabilize the genioplasty segment with either
lag screws or plates.
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The cutaneous manifestations of photodamage
(extrinsic) and chronologic (intrinsic) aging have an
effect on all soft tissue layers and skeletal structures
of the face. These cutaneous alterations result in the
characteristic appearance of the face as it evolves
with advancing age.

Etiopathogenesis

Dermal photoaging causes elastosis, along with
increased ground substance and a reduction in type
I collagen; as a result, dermal thinning progresses
at a rate of approximately 6% per decade. Concomi-
tant changes also occur in the epidermis and sub-
cutaneous adipose tissue. Consequently, treatment
objectives should be directed toward preventing,
restoring, or reversing the underlying cause. Non-
surgical rejuvenation of the face ideally involves
three approaches: (1) resurfacing techniques or
chemical peeling agents, which have their greatest
effect on the epidermis and superficial dermis; (2)
fillers or injectables, which are intended to replace
missing dermal components or subcutaneous fat;
and (3) paralytic agents, which cause chemodener-
vation of the underlying muscle responsible for the
repetitive motion that results in rhytides and thin,
wrinkled skin. The latter technique is discussed in
this chapter.

Diagnostic Studies

There are no specific diagnostic studies unless
pathologic conditions (e.g., Ehlers-Danlos syn-
drome) are suspected. A photographic record is valu-
able, as is an anatomic data sheet that records the
process and treatment doses.

Botulinum Toxin
ALAN MATARASSO

Goals of Treatment

The goal of treatment of dynamic facial wrinkles is
weakening of the underlying facial musculature. In
some cases (e.g., glabella and radix), complete paral-
ysis is desired. In other areas (e.g., brow and orbic-
ularis), partial or segmental weakening is sufficient,
as complete paralysis may result in complications.
The paralysis will result in a temporary improve-
ment in the overlying mimetic wrinkles. Another
goal is control of hyperhidrosis.

Botulinum Toxin

Botulinum neurotoxin type A is one of eight 
serologically distinct and species-specific toxins 
produced by the anaerobic bacterium Clostridium
botulinum. Within 6 to 36 hours of application to
striated muscle, the toxin produces chemodenerva-
tion by preventing release of acetylcholine at the
neuromuscular junction. The result is muscle
atrophy with subsequent flaccid paralysis. Muscular
function gradually returns after approximately 3
months, and axonal sprouting prevents permanent
paralysis of the treated muscle.

Each vial of Botox is a lyophilized complex con-
sisting of 100 U of toxin (10% variation), 0.5 mg of
human albumin, and 0.9 mg of sodium chloride. The
toxin is received freeze dried and kept frozen until
it is reconstituted and used within 4 to 24 hours.

Botulinum toxin is injected into a region of the
muscle according to precise anatomic location. Accu-
rate muscle identification can be achieved by asking
the patient to contract the muscle targeted for treat-
ment. After isolating the muscle, Botox is injected
into the muscle, the underlying periosteum, or the
overlying subcutaneous tissue in a specific volume
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but the clinical significance of these findings
remains unclear.

Immunologic complications include acute type I
reactions and may be attributable to the presence of
human serum albumin. Such reactions may result
from the presence of circulating antibodies and are
reported to occur in 3% to 5% of patients when large
volumes of toxin are used. With the reduction in
protein content in newer formulations of Botox, no
reports of this complication have been noted. The
development of antibodies seems to correlate with
increasing number of injections, frequency of treat-
ment, and total cumulative dose of toxin. Limiting
the total amount of toxin to less than 100 U per
session and avoiding booster injections for a
minimum of 3 months are recommended measures
to prevent the formation of neutralizing antibody.
Botulinum toxin type B (Myobloc/Neurobloc) is cur-
rently available and may be considered an alterna-
tive in patients with immunologic resistance to
botulinum toxin type A. It has the advantage of a
faster onset of action and is useful when results are
needed in 24 to 48 hours.

Therapeutic failure can result from a variety of
causes, such as improper mixing, dilution, or
storage; incorrect muscle identification; or failure to
differentiate a static rhytid from a dynamic wrinkle.

Pearls and Pitfalls

• There are two areas of controversy regarding
botulinum toxin that have yet to be deter-
mined: the appropriate dilution of the toxin
and the method and length of storage of the
reconstituted toxin. Large dilutions with lower
toxin concentrations require larger injection
volumes to achieve the desired result. These
large volumes can result in diffusion of the
toxin to unwanted surrounding areas. For this
reason, the author prefers a low volume and
high concentration of Botox. The length of via-
bility of reconstituted toxin is also unresolved,
but the best results are seen when the toxin is
used within 24 hours of reconstitution.

• Provide analgesia—topical creams, ice com-
presses, anxiolytics, or any combination of
these measures.

• Change needles frequently. Insulin syringes do
not have a Luer-lock, and therefore less toxin
is inadvertently wasted. The disadvantage of
insulin-type syringes is the difficulty of drawing
the solution into the syringe because of the
unreusable needle. Furthermore, the needle,
intended for only a single use, dulls quickly.

• Before injection, examine the patient for pre-
existing upper eyelid ptosis or brow ptosis.
There are three types of “ptosis” that can occur
with the use of Botox: (1) drug induced as a

according to the desired effect and muscle mass
(Table 1).

The median lethal dose (LD50) has been estimated
to be between 2800 and 3500 U in humans. The
maximum total recommended dose is 300 to 400 U
at a single session and not more than 400 U over a
3-month period. Intravascular injection does not
result in systemic toxicity.

To reduce the most common adverse sequelae (i.e.,
ecchymosis and erythema), gentle pressure with or
without cold compresses can be applied to the treat-
ment site immediately after injection. Patients can
resume normal activities immediately after treat-
ment but are advised to remain upright and avoid
lifting or straining for 3 to 4 hours after injection to
prevent unwanted spread of the toxin. The use of
cover-up or camouflaging agents is unrestricted.

The initial effects of treatment can be seen within
a few hours, and the full effect can be observed up
to 14 days after treatment. Failure can most often
be attributed to residual muscle activity resulting 
in a small area of movement, normal recruitment 
of adjacent muscles, or residual static lines that
cannot be improved by Botox treatment. Muscle
activity begins to return gradually at approximately
3 months after injection; ultimately, full muscle
mobility returns.

Local complications such as pain, edema, ery-
thema, ecchymosis, headache, and short-term
hypoesthesias can be related to the injection site.
The most notable and disfiguring local complications
occur when the toxin diffuses to surrounding
muscles and paralyzes unintended muscles.

General complications include loss of facial
expression (mask-like facies), incomplete muscle
paralysis with residual rhytides, and unwanted
muscle paralysis from spread of neuromuscular
blockade to adjacent sites (as in local complications).

Systemic reactions include nausea, fatigue,
malaise, flu-like symptoms, and distant rashes.
Distant neuromuscular effects have been docu-
mented by single-fiber electromyographic studies,

TABLE 1 Botox: General Dosing Guidelines

AREA MUSCLE NUMBER 
OF UNITS

Glabella Corrugator supercilii/ 20-40
procerus/orbicularis 
oculi (medial fibers)

Forehead Frontalis 30-60
Crow’s feet Orbicularis oculi 5-15 

(lateral fibers) (per side)
Upper lips Orbicularis oris 3-10
Chin Mentalis 5-10
Neck Platysma 30-60
Hyperhidrosis Sympathetic blockage of 50-100 

eccrine sweat glands (per side)
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successful outcome. Consider the effect that
Botox has on anatomy altered by previous
surgery.

• Evaluate nonresponders who may require addi-
tional toxin. Occasionally, they can be respond-
ing, but surrounding muscles are being
recruited or the remaining rhytides are due to
dermal atrophy.

• Match the dose of toxin to the muscle mass,
intended outcome, prior experience, and age
and gender of the patient.
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result of diffusion of the toxin to the levator
aponeurosis, (2) unmasking of preexisting
upper lid ptosis that had been compensated for
by the frontalis muscle, and (3) true brow ptosis
caused by injecting the lower border of the
lateral frontalis muscle.

• “Extended” areas of treatment (e.g., nasolabial
folds, upper lip lines, marionette creases, chin
dimpling) should be only weakened and not
paralyzed to avoid functional imbalance. These
areas should be treated with more dilute con-
centrations of Botox.

• When treating one of an agonist-antagonist
muscle group (e.g., frontalis and corrugator) in
an attempt to “reshape” (i.e., alter the balance
between elevator and depressor muscles), con-
sider the need to counterbalance the opposing
muscle with a small amount of toxin to avoid
imbalance. When reshaping is not the goal
(e.g., orbicularis oris), consider the effect that
paralysis of the treated muscle has on its func-
tional use.

• Hyperdynamic facial lines pretreated with
Botox in conjunction with laser resurfacing
produce improved results by improving colla-
gen reorganization. The effect of paralyzing an
area injected with a soft tissue filler also yields
an enhanced result because of a reduction in
muscle activity and therefore slower break-
down of the filler.

• Precise identification of the muscular anatomy
and needle placement is essential for a 



This chapter reviews the use of dermal filling 
agents in combination with laser resurfacing for 
the improvement of photodamaged facial skin and
atrophic facial scars. Emphasis is placed on proven
techniques for both light- and dark-skinned
patients. In addition, a comprehensive review of
dermal filling agents is included because soft tissue
augmentation is often combined with laser 
treatments.

Pathologic Anatomy

Superficial wrinkles are textural changes that result
from intrinsic aging and photoaging. Mimetic wrin-
kles are lines or furrows caused by deep dermal
creases from repetitive muscle movement (combined
with dermal elastosis). Folds are defined as over-
lapping, sagging skin.

Topical exfoliating agents primarily affect the 
epidermal level and, over time, possibly benefit the
dermis. Deeper resurfacing procedures (laser resur-
facing, chemical peels, dermabrasion) are designed
to improve the skin by “sanding down” adjacent
tissue so that rhytides and scars are less apparent.
They may also produce collateral improvement of
the dermal layer. Nonablative technology with
cumulative applications is designed to restore the
dermis and bypass the epidermis, thereby avoiding
the erythema associated with traditional laser 
technology.

Injectables or soft tissue filler materials are
intended to restore a more youthful facial contour
by replacing lost dermal elements or subcutaneous
fat. A plethora of filling agents are available and 
fall into five categories: natural human materials
(e.g., AlloDerm, autologous fat), sources derived
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from animals (e.g., bovine collagen), synthetic mate-
rials (e.g., hyaluronic acid products), materials of a
chemical nature (e.g., silicone), or combined materi-
als (e.g., inner methylmethacrylate beads covered
with a collagen surface). Alternatively, fillers can
also be classified as temporary or permanent.
Almost all fillers are temporary other than silicone.
No ideal filler material yet exists. However, because
of patient demand and manufacturer interest, the
field of injectable soft tissue fillers is rapidly 
evolving.

Goals of Treatment

The goals of restoring the youthful appearance of an
aging face are as follows:

1 Replace—replacing atrophic dermal or sub-
cutaneous structures

2 Recontour—reshaping facial volume
3 Resurface—resurfacing the skin surface
4 Relax—improving rhytides by relaxing the

causative muscle
5 Reposition/redrape/remove—anatomic reposi-

tioning and redraping of loose sagging soft
tissue

Diagnostic Studies

There are no specific diagnostic studies unless
pathologic conditions (e.g., Ehlers-Danlos syn-
drome) are suspected. A photographic record is 
valuable.
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Cutaneous Laser Resurfacing

Since the mid-1990s, the effectiveness of high-
energy, pulsed, and scanned carbon dioxide (CO2)
and erbium:yttrium-aluminum-garnet (Er:YAG)
lasers has been established for the treatment of pho-
toinduced facial rhytides, dyschromia, and atrophic
scars. 

With a wavelength of 10,600 nm, the CO2 laser
uses tissue water as its targeted chromophore and
vaporizes 20 to 30 mm of tissue per pulse, thus effec-
tively removing the entire epidermis in a single
laser pass using typical treatment parameters. This
action produces a limited spread of coagulative
necrosis (50 to 150 mm wide) that induces new col-
lagen formation and persistent dermal remodeling
—the process responsible for the majority of the
long-term benefits of treatment (Fig. 1). Although
the CO2 laser typically produces at least 50%
improvement in rhytid severity or scar depth after
treatment, it is associated with the highest post-
treatment morbidity and risk of adverse sequelae.

The erbium laser, with a wavelength of 2940 nm,
has a much higher absorption coefficient than does
the CO2 laser, and its energy is 12 to 18 times more
efficiently absorbed by water-containing tissues. As
a result, most of this laser’s energy is absorbed by
water within the superficial epidermis, causing the
thermal energy to be ejected within the desiccated
tissue during laser irradiation. Each pass of the
erbium laser penetrates to a depth of 2 to 5 mm per
pulse and produces a zone of thermal necrosis
ranging another 20 to 50 mm after a typical multi-
pass procedure. The erbium laser is a precise 
ablative tool that produces little residual thermal
damage and therefore minimal long-term neocolla-
genesis. The major disadvantage of the erbium laser
system is the lack of intraoperative hemostasis
because of inadequate vessel coagulation.

Newer long-pulsed erbium laser systems have
been developed in an attempt to reduce these short-
comings, most notably effecting collagen shrinkage
and improved vessel coagulation. By generating
pulse widths up to 500 mm, larger zones of thermal
necrosis are created with resultant collagen con-
traction and remodeling. Although the long-pulsed
erbium laser approaches the CO2 laser in terms of
its effect on dermal tissue, it is not associated with
as long a postoperative recovery course nor as high
a risk for postoperative complications.

The relatively new “nonablative” laser systems
have gained in popularity because an increasing
number of patients are willing to accept more modest
improvement, particularly when only limited or no
recovery time is available. Infrared-range laser
systems, including the 1320-nm neodymium:
yttrium-aluminum-garnet (Nd:YAG) laser, the 
1450-nm diode laser, and the 1540-nm erbium:glass
laser, are most commonly used for nonablative skin
resurfacing. Tissue water is also the targeted chro-
mophore, and heat energy is largely deposited in the
upper papillary dermis, where the bulk of solar elas-
tosis is located. Dynamic cryogen spray devices or
contact cooling handpieces are used for epidermal
preservation. Multiple nonablative treatment ses-
sions are typically recommended at monthly inter-
vals, and the final clinical results may not be
apparent for 4 to 6 months after the final treatment
session. Clinical results are not as favorable as those
observed after ablative laser resurfacing, but a 20%
to 50% improvement can be expected (Fig. 2).

Technique

No consensus exists regarding whether pretreat-
ment with topical retinoids, a-hydroxy acids, or
hydroquinone-containing compounds enhances 

Figure 1 • A, Periorbital and brow rhytides. B, Appearance 6 months after CO2 laser resurfacing.
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post–laser resurfacing results. Antiviral prophylaxis
for herpes simplex virus exposure or reactivation is
required when treating the perioral area in all
patients. In addition, perioperative antibiotic pro-
phylaxis is also recommended for all patients.

CO2 Laser

When using the CO2 laser, either an entire aesthetic
unit or the full face should be treated to avoid
obvious lines of demarcation between treated and
untreated skin. A treatment fluence of 300 mJ is
most commonly used for the initial pass in patients
with lighter skin types and 200 to 250 mJ in those
with darker skin. Adjacent scans are directed in a
nonoverlapping manner to avoid excessive heat
deposition and spread of thermal damage to unin-
tended tissue structures. Because the depth of 
ablation and degree of residual thermal damage are
directly correlated with the number of laser passes
performed, stacking of pulses or scans must be
strictly avoided to decrease the risk of hypertrophic
scar formation or hyperpigmented streaking in
darker-skinned individuals. Successive passes (two
to three on average) should be performed only after
the desiccated tissue has been completely removed
from the surgical field. Excessive deposition of heat
occurs because desiccated tissue acts as a heat 
sink for progressive thermal damage. The direction
of laser passes should also be alternated to avoid
striped patterns on the skin. For atrophic facial
scars, the 3-mm handpiece can be used to sculpt scar
edges for maximal flattening. Only a single pass of
the laser at reduced fluence should be delivered

along the mandibular border because of the ten-
dency for hypertrophic scar formation in this area.

An increasing number of surgeons are now per-
forming single-pass CO2 laser resurfacing to avoid
many of the aforementioned complications. In this
technique, a single laser pass is delivered with the
scanner, followed by freehand use of the 3-mm spot
size handpiece to “fill in” any untreated areas. The
partially desiccated tissue is left intact after the pro-
cedure to serve as a biologic dressing; the tissue typ-
ically sloughs off after 3 to 4 days. The single-pass
technique is preferred for patients with darker skin
tones to avoid postinflammatory hyperpigmenta-
tion. Additional laser passes can be applied to focal
areas (e.g., cheek scars, upper lip rhytides) as nec-
essary to effect more tissue tightening.

Erbium:YAG Lasers

Short- and long-pulsed Er:YAG lasers can also be
used to treat photodamaged facial skin and atrophic
scars. With the short-pulsed systems, the main 
goal is to maintain a uniform cutaneous surface and
ablative depth. Because this system has high affin-
ity for water-containing structures, the surgical field
must be dry before treatment. Any moisture on the
field absorbs the laser energy and renders the 
treatment less effective. The entire epidermis can be
removed after two to three passes at 5 to 10 J/cm2,
whereas focal areas with either more photodamage
or deeper scars can receive additional passes. Fewer
passes should be applied at the treatment periphery
to ensure natural blending between treated and
untreated skin. In general, it is more difficult to

Figure 2 • A, Atrophic facial scars before treatment. B, Appearance 6 months after a third 1450-nm diode laser treatment.
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perform multiple-pass erbium laser resurfacing
because of inadequate vessel coagulation and 
transudative fluid loss obscuring the operative field.
Local injection of 1% lidocaine with epinephrine
improves visualization and decreases bleeding.

POSTOPERATIVE MANAGEMENT. Either an open
or closed wound care technique can be used postop-
eratively. The open technique involves the applica-
tion of topical barrier ointments such as Aquaphor,
Catrix 10, or plain petrolatum for the first 3 to 5
postoperative days, whereas a transparent, semioc-
clusive dressing such as Vigilon or Silon-TSR is left
intact on the laser-treated skin in the closed tech-
nique. The dressings must be changed at least every
24 hours to avoid bacterial colonization and permit
proper wound visualization. Some physicians pre-
scribe the closed technique for the first few days in
an attempt to reduce patient discomfort, followed by
an open technique for the remainder of the healing
period.

Postoperative side effects and complications are
similar after either erbium or CO2 laser skin resur-
facing. Transient erythema, edema, and serous 
discharge are universal findings. The degree of 
postoperative erythema is directly correlated with
the level of ablation and the amount of residual
thermal damage produced. Erythema after multi-
pass CO2 laser skin resurfacing typically persists for
3 to 6 months, whereas it usually resolves within
only 1 month after erbium laser treatment. Milia
formation, exacerbation of acne, contact allergies,
superficial bacterial infections, and reactivation of
herpes simplex are other potential postoperative
complications. Pigmentary alterations, including
hyperpigmentation and delayed-onset hypopigmen-
tation, may also develop. Hyperpigmentation is
most common in patients with dark or olive skin
tones and can be effectively treated with topical
bleaching or peeling agents (e.g., hydroquinone, gly-
colic acid). Severe complications, including hyper-
trophic scar formation, ectropion, and systemic
infection, are rare.

Soft Tissue Augmentation

Many dermal filling agents are available for soft
tissue augmentation. Most of these substances are
best used in the lower part of the face and can be
combined with other rejuvenative procedures such
as cutaneous laser resurfacing or botulinum toxin
injection. Requirements for the ideal soft tissue filler
are outlined in Table 1.

Injectable Bovine Collagen

Bovine collagen implants are the most popular
dermal filling agents used. The implants consist of
purified, reconstituted, fibrillar bovine type I and

type III collagen. Because bovine collagen is xeno-
geneic, double skin testing is mandatory 1 month
before implantation to assess the risk for a hyper-
sensitivity reaction.

Zyderm I is best injected as superficially as pos-
sible for treatment of the fine lines around the eyes
and mouth with approximately 200% overcorrection.
Zyderm II is best suited for scars and glabellar
frown lines and should also be placed in the super-
ficial dermis. Zyplast is reserved for deeper lines
(e.g., nasolabial folds) and larger defects (e.g., 
surgical/traumatic scars) and may be used as a base
for more superficially placed Zyderm I or II. Zyplast
should be placed in the middermis without visual
overcorrection (it should be palpable but not seen).

The major disadvantage of collagen implantation
is its relatively short duration (3 to 6 months),
thereby requiring frequent reimplantation. Side
effects are rare but include allergic reactions (3% to
5%) that are manifest clinically as erythema and
induration. Systemic steroids may be used to treat
this condition, but it may recur after discontinua-
tion of the steroids. Two other serious, albeit 
rare, complications of collagen implantation include
vessel occlusion and abscess formation. The risk for
vessel occlusion is highest with the use of Zyplast in
the glabellar region. The area immediately becomes
painful and dusky colored, whereupon the injection
should be discontinued and ice applied. Abscesses
may form at any time (even several months) after
implantation, and treatment should include the use
of intralesional or systemic steroids, as well as 
incision and drainage. These patients tend to have
high levels of anti–bovine collagen antibodies and
should not receive further treatment with bovine
fillers.

Autologous Filling Agents

ISOLAGEN. Isolagen is an autologous collagen
process whereby dermal fibroblasts and type I col-
lagen are obtained from human skin punch biopsy
samples and expanded in tissue culture over a 6-
week period. A series of injections (1 mL) are deliv-
ered to the desired sites at biweekly intervals. The

TABLE 1 Requirements for the Ideal Soft

Tissue Filler

SAFETY EFFICACY

Noninfectious Easily injected/implanted
Nonimmunogenic Quick recovery
Nontoxic Not visible (nonlumpy)
Noncarcinogenic Nonresorbable (long-lasting)
Nonmigratory Soft and pliable (natural feel)
FDA approved

FDA, Food and Drug Administration.
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process should be theoretically associated with a
longer duration of correction because increased local
production of collagen and decreased degradation by
collagenase would be expected.

The thin Isolagen solution is best used for the
treatment of fine lines and shallow atrophic scars
and is administered through a 30-gauge needle into
the upper dermis with 200% to 300% overcorrection.
Two to four injection series are necessary to effect
improvement of mild to moderate rhytides and
scars, whereas five or more sessions are needed for
deeper defects. Some studies have shown correction
to last as long as 6 months, with the nasolabial 
folds responding best to treatment. However, other
studies have documented its disadvantages, includ-
ing its subtle treatment effect and greater expense.
Because of its low viscosity, most patients find the
degree of correction obtained with Isolagen to be less
than that obtained with bovine collagen.

AUTOLOGEN. Autologen is another autologous
injectable collagen that is harvested directly from
the dermis of the recipient patient. Excess skin that
is excised during routine surgery is processed so
that intact collagen fibers are extracted. Tissue pro-
cessing takes approximately 3 weeks, and the final
product can be stored for up to 6 months.

Autologen is injected into the middermis, and
nerve blocks or local infiltration with lidocaine is
often required before treatment. Serial injections
are made with 20% to 30% overcorrection; most
patients undergo three treatment sessions at
biweekly intervals. Advantages of Autologen for soft
tissue augmentation include a relatively long dura-
tion and negligible risk of hypersensitivity. The
main disadvantage is the large amount of donor skin
required for tissue processing.

Lipotransfer and Lipocytic Dermal
Augmentation

Lipotransfer is best suited for correction of larger-
volume defects in the subcutis. Lipocytic dermal
augmentation is a refinement of the lipotransfer
technique that enables the surgeon to inject
processed fat into the dermis for correction. With
this method, fat is injected intradermally via 23- or
25-gauge needles with slight overcorrection. Dermal
thickness is increased over time because of volume
expansion and an inflammatory response. Lipo-
transfer can be used to augment the subcutis in
concert with a lipocytic dermal augmentation pro-
cedure to fill dermal defects and rhytides. Trans-
ferred fat typically lasts 3 to 6 months, although
tissue longevity can be enhanced if treatment is
repeated 3 to 4 weeks after the initial session.

Allogeneic Human Collagen

DERMALOGEN. Dermalogen is a neutral pH buffer
solution of human tissue collagen matrix processed

from the dermal layer of deceased donor skin 
specimens. This Food and Drug Administration
(FDA)-approved tissue product consists of intact 
collagen fibrils, elastin, and glycosaminoglycans 
and is procured from accredited tissue skin banks.
Dermalogen is processed with two viral and prion
inactivation steps to ensure safety.

Dermalogen is best used for amelioration of
prominent nasolabial folds, glabellar frown lines,
perioral rhytides, and atrophic scars. Because of its
high viscosity, Dermalogen should not be used for
fine perioral or periorbital rhytides. Dermalogen
should be injected into the mid to deep dermis by a
series of injections with a 30-gauge needle at a 30-
to 45-degree angle to the skin surface. One must 
be careful to avoid placement of the material too
superficially to prevent the formation of small, 
white, beaded elevations that resemble milia.
Defects should be overcorrected by 10% to 20%. Most
patients require three treatment sessions at
biweekly intervals for best results.

Side effects of treatment with Dermalogen
include burning and stinging at injection sites, 
prolonged erythema, and acne-like eruptions. The
main disadvantages include concern regarding tissue
safety and the significant pain experienced during
injection.

ALLODERM. AlloDerm is an acellular dermal graft
processed from tissue bank–derived human skin.
The graft is processed by removal of epidermal 
and dermal cells, which are antigenic targets of 
cell-mediated immunity. The dermal tissue that is
implanted serves as a matrix for migration and
repopulation by the recipient’s own fibroblasts and
endothelial cells. Allografts are screened for viruses
before use. In addition, transplanted tissue is
treated with antiviral agents that inactivate human
immunodeficiency virus, and the living cells respon-
sible for propagation of viral diseases are extracted
from the graft. Thus far, there have been no reported
cases of transmission of viral disease as a result of
dermal graft implantation.

AlloDerm implantation requires the use of local
anesthetics or nerve blocks, or both. The graft is first
rehydrated in saline, and a 1- to 2-mm piece is intro-
duced through small incisions in the skin surface,
such as the lips, and sutured into place. AlloDerm
implants are particularly useful for the treatment of
iatrogenic depressions after liposuction.

Synthetics

HYALURONIC ACID. Derivatives of hyaluronic acid
include Hylan B gel and Restylane. Hyaluronic acid
is a naturally occurring polysaccharide compo-
nent of the intercellular matrix that is responsible
for hydration and stabilization of the connective
tissue–containing cells of the dermis. Hylan B gels
are cross-linked hyaluronan polymers with high
molecular weight and relatively long duration in
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tissue. Side effects of treatment include transient
erythema and bruising. There is little risk of aller-
gic reaction with this implant because the natural
hyaluronan polymer exhibits no species specificity
and does not induce a significant immune reaction. 

Restylane has several advantages over other
filling agents. It is relatively complication free and
delivers a predictable soft tissue result that lasts 4
to 6 months. There is minimal pain with injection
and it has a natural feel. It should be injected into
the reticular dermis via a threading technique. It is
most useful for lip, nasolabial fold, and “marionette”
lines.

ARTECOLL. Artecoll is an implant made of poly-
methylmethacrylate beads suspended in 3.5% atelo-
collagen with lidocaine. The telopeptide ends of the
collagen moiety are removed to reduce antigenicity.
Artecoll beads range in size from 30 to 40 mm and
are implanted via 27-gauge needles after skin
testing to document possible hypersensitivity.
Artecoll should be placed between the lower dermis
and subcutaneous fat without overcorrection by
using a fanning motion and injection on both enter-
ing and exiting the skin. After implantation, the col-
lagen moiety is phagocytized over a 1- to 3-month
period and is replaced by newly synthesized fibro-
blasts and collagen fibers. Treatments are repeated
at 1- and 3-month intervals for complete correction
of defects. Side effects include temporary erythema,
edema, pruritus, and moderate pain. Allergic reac-
tion to the bovine collagen portion of the implant is
another potential complication, and rates of reaction
are similar to those of other injectable bovine 
products.

POLY-L-LACTIC ACID. Poly-L-lactic acid (Sculptra,
Dermik Laboratories) is the latest addition to the
expanding armamentarium of filler materials. It is

the same material used in absorbable sutures and
is indicated for deeper dermal filling to create more
durable and greater volume replacement. It is
highly biocompatible and nonallergenic; thus it can
be used without skin testing. The material is
biodegradable, yet the results achieved after a series
of 3 to 5 monthly injections are relatively long-
lasting, averaging 2 or more years, presumably
because of neocollagenesis. It can be used in combi-
nation with more superficial filler materials in a 
layering technique for patients with both volume
loss and superficial rhytides.

Poly-L-lactic acid is supplied as a lyophilized
powder in a vial that is stored at room temperature.
It is reconstituted with sterile water for injection 
to a volume of 5 mL and left to rehydrate for 2 
hours. The contents of the entire vial are used at
each session (in 0.1-mL to 0.2-mL aliquots) for cos-
metic correction of nasolabial or mesolabial folds.
Greater volumes may be needed to achieve the
desired results in persons with more profound
defects, such as in individuals with HIV-associated
lipoatrophy.

SUGGESTED READINGS

Alster TS: Cutaneous resurfacing with CO2 and erbium:YAG
lasers: Preoperative, intraoperative, and postoperative consid-
erations. Plast Reconstr Surg 103:619-632, 1999.

Alster TS, Lupton JR: Prevention and treatment of side effects
and complications of cutaneous laser resurfacing. Plast Recon-
str Surg 109:308-316, 2002.

Alster TS, West TB: Human-derived and new synthetic injectable
materials for soft-tissue augmentation: Current status and role
in cosmetic surgery. Plast Reconstr Surg 105:2515-2525, 2000.

Elson ML: Soft tissue augmentation: A review. Dermatol Surg
21:491-500, 2000.

Hardaway CA, Ross EV: Nonablative laser skin remodeling.
Dermatol Clin 20:97-111, 2002.

Klein AW, Elson ML: The history of substances for soft tissue aug-
mentation. Dermatol Surg 26:1096-1105, 2000.



Over the past decade, significant advances have
been made in hair restoration. Micrografts (one- 
to two-hair follicular unit grafts) and minigrafts
(three- to four-hair follicular unit grafts) have revo-
lutionized hair restoration and have become the
standard of care. Other previously described tech-
niques such as tissue expansion, scalp flaps, and
scalp eduction should certainly be kept in the
surgeon’s armamentarium.

The use of single-hair grafts is not a new concept.
Tumura in 1943 reported the use of single-hair
grafts to restore pubic hair, and Fujita in 1953
described their use in eyebrow reconstruction. Their
application to the scalp was reported by Nordstrom
in 1981 and by Marritt in 1984. They introduced the
application of single-hair grafts to the frontal hair-
line to camouflage plugs and scars from previous
hair restoration procedures. This technique modifi-
cation resulted in a more natural-looking hairline by
providing an anterior transition zone.

Uebel in 1991 introduced the concept of micro-
grafts (one- or two-hair grafts) and minigrafts
(three- or four-hair grafts) applied in large numbers
(1000 to 1200 grafts) to cover large areas of hair loss
in male pattern baldness. The author has subse-
quently increased the number of grafts transplanted
in a single session (up to 2500) and has also
described multiple other applications for micro-
grafts and minigrafts: reconstruction of natural-
appearing sideburns, eyebrows, mustaches, and
beards. These techniques can be applied to other
body areas as well, including the lower extremities.

Anatomy

In 1984 Headington described the concept of the 
follicular unit. Histologic study of the skin tradi-
tionally focused on vertical sections. He studied
transverse microscopic sections of the human scalp
and observed that hair grows in follicular units of
one to four hair follicles with independent neu-
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rovascular bundles, sebaceous glands, sweat glands,
and piloerectile muscles surrounded by a sheath of
collagen (Fig. 1). It was theorized that maintenance
of these true physiologic units as intact as possible
would increase survival and ultimate hair growth of
the grafts.

The life cycle phases of a hair follicle are as
follows: anagen is the actively growing phase in
which follicular cells are multiplying and keratiniz-
ing. In a nonbalding scalp, approximately 90% of the
hairs are normally in this phase, which lasts approx-
imately 3 years. During the catagen phase, the base
of the hair becomes keratinized, forms a club, and
separates itself from the dermal papilla. It moves
toward the surface and is eventually connected to
the dermal papilla by only a connective tissue
strand. This phase lasts 2 to 3 weeks. During the
telogen or resting phase, the attachment at the base
of the follicle becomes weaker until the hair finally
sheds. During this period the follicle is inactive and
hair growth ceases. This phase lasts 3 to 4 months
and commonly occurs after hair transplantation. For
this reason, significant growth of the hair grafts is

Figure 1 • Transverse histologic section of the scalp demon-
strating follicular units.
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not seen until the telogen phase is over. In addition,
some of the native hair often enters the catagen
phase and later the telogen phase as a result of 
the insult of the surgery, a process termed telogen
effluvium.

Goals of Reconstruction

The most optimal hair transplantation results are
obtained with one- and two-hair follicular units
(micrografts) and three- and four-hair follicular
units (minigrafts) (Fig. 2). When dissecting grafts,
two, three, or four hair follicles are kept together as
a unit, and the tissue around the hair shaft of single-
hair grafts is preserved to ensure survival of all vital
components.

The appearance of hair fullness is determined by
hair mass, which is related to the number of hairs,
the thickness of the individual hair shafts, and the
texture, curliness, and color of the hair. In addition,
the contrast in color between the scalp and the 
hair also has a significant influence on the optical
illusion of fullness. An average healthy nonbalding
patient has a density of about 200 hairs/cm2 (range,
130 to 280). Only 50% of this number is needed to
give an appearance of normal density, which is
approximately 100 hairs/cm2 (range, 65 to 140). This
number can be transplanted in two sessions of
micrografting and minigrafting.

Patient Selection

There is no known method to create new hair, and
all current techniques for hair restoration involve
redistributing the patient’s existing hair. Therefore,
candidates for hair transplantation are limited to
individuals who have a favorable donor site surface

area and density relative to the size of the area 
to be transplanted. Several centers worldwide are
attempting to clone hair follicles or culture and 
multiply hair follicles in the laboratory setting. If
successful, patients with limited donor hair (follicu-
larly challenged patients) will be treated by limited
harvest of hair follicles, while at the same time 
eliminating donor site morbidity and discomfort.

Male pattern baldness is a progressive condition.
Although the rate of hair loss slows after the age of
40 years, it never stops. Therefore, the preoperative
plan must ensure a natural-looking long-term
result. It is essential to document realistic expecta-
tions by the patient.

Reconstructive Applications of
Micrografts and Minigrafts

Micrografts and minigrafts can also be transplanted
anywhere on the face and are thus useful for restor-
ing sideburns, the temporal hairline, eyebrows,
mustache, and beard. The most common reasons for
using micrografts and minigrafts in reconstructive
cases include the following:

1 Revision of unfavorable results from previous
hair transplantation procedures (the “plug
look,” cornfield rows, and hairline scars)

2 Correction of hair loss after thermal injuries
3 Posttraumatic injuries
4 Postsurgical conditions (the loss of sideburn

and the temporal hairline after a face lift)
5 Certain congenital conditions (absence of hair

on the prolabium in bilateral cleft lips, hair loss
as a result of excision of congenital hairy nevus
or arteriovenous malformations).

Treatment

Male pattern baldness is usually treated with
between 1000 and 2500 grafts per session (megases-
sions), depending on the degree of hair loss. This
labor-intensive procedure requires an organized and
efficient surgical team.

The surgical team consists of three surgical assis-
tants and the surgeon. The surgeon should remain
in the operating room for the duration of the proce-
dure and insert all grafts personally. Efficiency is
critical when transplanting a large number of grafts
in a single session.

Supraorbital and occipital nerve blocks are per-
formed with 0.5% bupivacaine with 1:200,000 epi-
nephrine (approximately 30 mL). In addition, a ring
block is also induced below the proposed hairline. A
tumescent solution of 0.5% lidocaine with 1:200,000
epinephrine is infiltrated into the donor site.

The patient’s head is turned to the left and the
right half of the donor ellipse is harvested. Under

Sebaceous
gland

Subcutaneous
fat

Follicular unit micrograft
(1 or 2 hairs)

Follicular unit minigraft
(3 or 4 hairs)

Maximum
number of

hairs in graft

Figure 2 • Follicular unit micrografts and minigrafts.
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3.5¥ loupe magnification, thin slices (1.5 to 2.0 mm
thick) are dissected from the donor ellipse with Per-
sonna Prep blades over a sterile wooden board and
handed to the assistants. The assistants prepare the
final grafts from these slices while the surgeon
closes the right half of the donor strip. Careful dis-
section of the thin slices into micrografts and mini-
grafts is the most tedious part of the procedure and
one of the most important steps. The incisions must
be made precisely parallel to the hair shafts at all
times to minimize the loss of hair follicles.

Graft Dissection

To dissect the slices into micrografts and minigrafts,
the assistants use 3.5¥ loupe magnification, No. 10
blades, and jeweler’s forceps. The darker and
thicker the individual hair shafts, the easier it is to
dissect the grafts. Ideal grafts should have intact
hair shafts all the way from the subcutaneous fatty
tissue to the scalp surface, be somewhat thick, and
contain from one to four hairs. The grafts are held
atraumatically by the fatty tissue under the hair
bulbs or by the tissue around them, not by the hair
bulb or dermal hair papilla itself. In patients with
light-colored or white hair, an operating microscope
is used for a safe dissection of the grafts. The
surgeon then turns the patient’s head to the right
for harvesting the left half of the donor ellipse. The
donor site on the left side is subsequently closed, and
the surgeon finishes slicing the remaining segment
of the donor ellipse.

Several hundred grafts have been dissected at
this point. They are lined up in rows on a wet towel
in preparation for insertion. The process of graft dis-
section and insertion continues until all the grafts
are transplanted. It is imperative to keep the grafts

wet in normal saline solution and ideally chilled to
approximately 4° C until inserted.

Graft Insertion

Infiltration of tumescent solution into the recipient
area is important to promote hemostasis and
produce temporary edema of the scalp, which 
facilitates graft insertion.

A slit and insert technique eliminates the need for
punch removal of scalp or for dilators. As a slit 
is created, a graft is immediately inserted (Fig. 3).
In the anterior part of the scalp, an intentionally
irregular 1-cm hairline transition zone (Fig. 4) is

Epidermis

Dermis

Subcutaneous

Galea

Periosteum

Bone

Surgeon

Assistant

A B

Figure 3 • Technique of micrograft and minigraft transplan-
tation: “slit and slide.”

Figure 4 • Severe hair loss (male pattern baldness type VI) in a 54-year-old man. A, Before transplantation. B, A year after a
single megasession of 2070 micrografts and minigrafts.
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created by making slits with a No. 22.5 Sharpoint
blade. Posterior to the transition zone, No. 11
Feather Personna blades are used to create the slits.
The same technique is used elsewhere on the face.
When restoring the eyebrows, mustache, or beard,
it is best to make most or all of the slits initially and
insert the grafts later to minimize graft extrusion.

When a small number of grafts is needed, they
are harvested from a donor ellipse extending from
the occipital area posterior to the mastoid. The size
of the donor strip varies from very small to large,
depending on the number of grafts required, as well
as donor site hair density. The slits on the face are
made with a No. 22.5 Sharpoint blade or a NoKor
18-gauge needle. The blade must be inserted at the
angle of the desired direction of hair growth (Fig. 5).

Revisions are occasionally necessary. If large
plugs from a previous hair transplant are present,
plug reduction (partial removal of the plugs) is per-
formed by coring out the hair follicles with a 2- to 
4-mm punch biopsy forceps. These plugs can be 
recycled as micrografts and minigrafts. Additional
grafts (if available) are inserted in front of and
between the plugs to obtain an optimal aesthetic
result.

Postoperative Care

One or two layers of Adaptic, Kurlex, and 3-inch
elastic Ace bandage are used to dress the scalp,
whereas nonadherent gauze and 1/2-inch Steri-Strips
are used on the face.

The hair transplanted to the face is usually har-
vested from the scalp. It has the characteristics of
scalp hair and thus needs to be trimmed frequently.

Axillary or pubic hair can also be used, but a larger
donor ellipse is required because these areas nor-
mally have less hair density.

Complications

Complications are few. The author has treated more
than 500 patients without a single incident of infec-
tion or hematoma.

Keloids are rare but may develop at the donor
site. If grafts are inserted too deep, ingrown hairs
and small inclusion cysts may develop.

Pearls and Pitfalls

• For hair restoration, micrografts and mini-
grafts result in a natural-appearing hairline,
and scarring is usually undetectable.

• Megasessions may limit the patient to one or
two procedures, thus minimizing downtime.

• The direction of hair growth can usually be con-
trolled by angling the surgical blade; this is
most useful in difficult areas such as eyelashes
and eyebrows.

• Hair transplantation is a useful adjunct for
other types of alopecia including posttraumatic
and congenital defects, such as those of the 
eyebrows, lips, and sideburns.

SUGGESTED READINGS

Barrera A: Refinements in hair transplantation: Micro and min-
igraft megasession. Perspect Plast Surg 11:53, 1998.

A B

Figure 5 • Bilateral cleft lip deformity and absent hair in the prolabium of a 40-year-old man. A, Before transplantation. B, A year
after a single session of 200 micrografts and minigrafts.
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The strategic use of implantable biomaterials 
can play a valuable role in aesthetic facial surgery.
Significant advances in materials science and im-
plant designs have made certain types of alloplastic
implants useful for the aesthetic augmentation of
facial landmarks and contours. The increased fre-
quency of use is a direct result of greater patient
demand for improvement in facial appearance, the
limitations and morbidity associated with autoge-
nous grafting, and tolerance of well-vascularized
facial tissues to alloplastic materials.

Regardless of their chemical composition and
structure, alloplastic implants ensure the surgeon of
two basic features: simplicity of the operative pro-
cedure and predictable postoperative volume stabil-
ity and facial contour changes. Such features are
particularly attractive in patients seeking elective
aesthetic facial surgery in which the morbidity of
the procedure, length of recovery time, and reliabil-
ity of the outcome are major factors in the decision
to undergo surgery.

Etiopathogenesis

The perception of facial beauty is influenced by the
symmetry and balance of its various features. For
differing genders and races, the relationships of 
the nose, cheek, chin, and jaw lines contribute pow-
erfully to the visual perception of an individual.
Certain soft tissue facial landmarks, such as the size
and proportion of the upper and lower lips and that
of the nasal tip, have also become important hall-
marks of facial beauty. Underdevelopment and dis-
proportion of facial skeletal relationships are the
most common causes of inadequate projection and
proportion of facial contours. Although most of the
soft tissue envelope of the face is directly propor-
tional to the underlying bony support, the size and

Alloplastic Materials for 
Facial Reconstruction

BARRY L. EPPLEY

shape of the nose and lips are more independent of
the underlying facial skeleton.

With aging, the osteocutaneous ligaments
weaken, subcutaneous fat loss occurs, and the soft
tissue envelope descends. These processes result in
loss of a youthful appearance accentuated by
varying degrees of orbitomalar ptosis, submalar 
hollowing, deepening of the nasolabial folds, de-
velopment of jowls, and loss of sharpness of the 
cervicomental angle. These changes may be accom-
panied by resorption of the underlying skeleton,
which can be further magnified by the loss of teeth
and alveolar bone.

Pathologic Anatomy

The surgeon must develop an appreciation of the
relationships between various contours and projec-
tions of the face. Much of this knowledge can be
learned from the quantitative study of anthropo-
metric and cephalometric values of facial norms.

The anatomic findings associated with deficiency
of various facial aesthetic units are as follows:

Chin deficiency
The most anterior projection of the chin lies

posterior to a vertical line drawn down from
the glabella

Vertical/anteroposterior shortening of the
lower part of the face

Increased angle of facial convexity
Increased (obtuse) cervicomental angle
Deficient lower third of the face
Class II malocclusion (if severe)

Malar deficiency
Zygomatic/malar flattening
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Perceived “lack of cheek bones”
Concave facial profile
Class III malocclusion (if severe)

Midfacial (paranasal-premaxillary) deficiency
Acute (less than 90 degrees) nasolabial angle

(dependent on the position of the nasal tip
and maxilla)

Flat nasal base
Concave facial profile
Class III malocclusion (if severe)

Midfacial (infraorbital) deficiency
Infraorbital rim depression or recess (tear

trough deformity)
Mandibular ramus deficiency

Round or oval face
Lower facial asymmetry (body and ramus)

Upper/lower lip deficiency
Deficient upper lip pout (horizontally posi-

tioned behind the lower lip in profile)
Inadequate upper/lower lip projection (at or

posterior to a line drawn from the subnasale
to the pogonion in profile)

Inadequate upper/lower lip projection (posterior
to Rickett’s E-line, or a line drawn from tip of
the nose to the anterior projection of the chin)

Undesirable vertical lip ratio (less than a 1 :1
ratio of the upper to the lower lip)

Nasolabial fold depression
Accentuation or deepening of the transition

zone between the upper lip and infraorbital/
malar tissues

Diagnostic Studies

Photographs are the primary modality for aesthetic
analysis of the face. Additional close-up views of the
brow, eyes, nose, and lips may be obtained as indi-
cated. Computer video imaging is helpful, particu-
larly in morphing the anticipated contours so that
the patient can determine whether the recom-
mended changes are beneficial. Cephalometric 
radiographic analysis in the profile and frontal view
defines the relationships of hard and soft tissue
landmarks.

Reconstructive Goals

The basic concept of alloplastic facial rejuvenation
is enhancement of existing facial contours to create
balance, harmony, and symmetry, all of which con-
tribute to facial attractiveness. These enhancements
may be specifically listed as follows (Fig. 1):

Augmentation of the malar-midface region 
Malar eminence
Zygomatic arch
Palpebral-malar sulcus
Paranasal-premaxillary area
Submalar triangle

Augmentation of the mandibular region 
Centrolateral aspect of the chin
Chin-jowl region
Body
Angle-ramus region

Augmentation of the lips
Body of the lips
White roll

Augmentation of the nasolabial region
Nasolabial sulcus
Nasolabial fold

Treatment

Principles of Facial Implant
Augmentation

The end-stage healing response to all alloplastic
materials is fibrous encapsulation, which serves 
to separate the body from the foreign material. 
A fibrous scar forms around all biomaterials im-

Figure 1 • Potential zones of onlay facial skeletal augmentation.
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planted in the face, regardless of the composition 
or physical form of the alloplast.

The quality and quantity of soft tissue around a
facial implant are the most critical factors for long-
term success and are far more important than the
chemical composition of the alloplast. Soft tissue
coverage over an implant should be as thick as 
possible. Exposure or extrusion rarely occurs with
alloplastic implants that are more deeply placed
(i.e., subperiosteal, submuscular). Implants placed
immediately under the dermis or in areas of thin
overlying subcutaneous fat have a higher incidence
of postoperative extrusion or infection.

Placement of alloplastic facial implants should be
accompanied by concurrent administration of anti-
biotics. The rationale for antibiotic therapy is to
prevent bacterial inoculation of the implant surface.
Additional antibiotic benefit is often sought by
washing or soaking the implant before insertion.

Types of Facial Implants

Although many types of materials have been used
in the face, few have enjoyed clinical success. Con-
temporary facial implants are composed of the 
polymers dimethylsiloxane (silicone), polyethylene
(Medpor), polytetrafluoroethylene (PTFE, Gore-
Tex), and polyester (Mersilene). Knowledge of the
differing materials is essential before their applica-
tion (Table 1).

SILICONE. Silicone is used primarily as subpe-
riosteal onlay implants for bony augmentation and
less frequently at the subcutaneous level, primarily
in nasal dorsum placement.

Silicone is a polymer created from the interlink-
ing of silicon and oxygen (with methyl side groups)
into alternating monomers of dimethylsiloxane
(SiO[CH3]2); it is resistant to degradation because of
the strong and stable silicon-oxygen bonds. When
converted into a polymer and vulcanized, a solid
rubber is created. Silicone rubber offers the advan-
tages of ease of placement through small incisions,
capability of being modified intraoperatively, and
low cost.

GORE-TEX. Gore-Tex has been approved as a 
facial implant material since 1994 and has been

widely used for subdermal implantation in the lip,
nasolabial folds, glabella, nasal dorsum, and other
subcutaneous facial regions, as well as for bony aug-
mentation of the midface, malar, and mandibular
areas. Its use as a soft tissue implant, as opposed to
a bony onlay, is what distinguishes Gore-Tex from
other types of facial implants.

PTFE fluorocarbon has a carbon ethylene back-
bone to which is attached four fluorine molecules.
Bonding of highly reactive fluorine to carbon creates
an extremely stable biomaterial that is not
biodegradable in the body because of a lack of
enzymes capable of disrupting the fluorine-carbon
bonds. In addition to its chemical stability, its
surface is nonadherent and has antifriction proper-
ties. It is flexible, deformable, and easily cut and
shaped, with a low tensile strength. It is usually
composed of fine expanded PTFE fibrils that are 
oriented and held together by solid pieces of the
same material. The fibrillar composition results in
noninterconnected surface openings with pore sizes
ranging between 10 and 30 mm. The latter property
allows for limited soft tissue ingrowth.

MEDPOR. This type of implant material is available
in a wide variety of physical forms for bony onlay
augmentation. A variety of facial implants are avail-
able in different sizes and shapes.

Polyethylene has a simple carbon chain structure
that is differentiated from Gore-Tex by the lack of
fluorination of the ethylene monomer. It is currently
available for facial use as high-density polyethylene
(HDPE). Although HDPE and PTFE are chemically
similar, HDPE has a firmer consistency that resists
material compression but permits a degree of flexi-
bility. It also has significant intramaterial porosity,
with pore sizes ranging between 125 and 250 mm, 
a property that permits extensive fibrovascular
ingrowth throughout the implant. The implants can
be shaped intraoperatively, but with more difficulty
than with silicone or Gore-Tex. Its porosity enables
it to be loaded with antibiotics by syringe vacuum
impregnation.

MERSILENE. Mersilene is a linear aromatic ther-
moplastic polymer created by the establishment 
of ester linkages between the carbon bonds. The
knitted multifilament mesh is commonly used as a

TABLE 1 Characteristics of Facial Implant Materials

SILICONE MEDPOR GORE-TEX MERSILENE

Ease of insertion ++++ ++ +++ +
Modifiable ++++ ++ ++++ +++
Adaptability ++++ +++ ++++ ++++
Ease of removal ++++ ++ ++++ +
Implant styles ++++ +++ ++ 0
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synthetic mesh and is also known chemically as
polyethylene terephthalate. The material is essen-
tially nonreactive and becomes encased in an inter-
woven fibrous tissue matrix. It has been placed as
onlay facial and nasal augmentation material.

Surgical Technique

The technical aspects of placing alloplastic implants
in the face are fairly simple. However, certain tech-
nical guidelines need to be followed to optimize
results.

Proper implant selection is the most critical factor
in achieving the desired location and amount of
facial enhancement. Contemporary facial implants
have nearly 20 different styles for augmentation of
the midface and mandibular skeleton (see Fig. 1).

All onlay implants are easily placed through an
intraoral route, and insertion is rapid and carries
little risk of motor nerve injury (Fig. 2). In a face lift
patient, the submental route can be used for chin
augmentation because of the convenience of the 
preexisting incision. In experienced hands, malar
augmentation can also be accomplished through 
traditional blepharoplasty or facelift incisions.

Implant fixation to bone is attained intraop-
eratively by precise pocket dissection and subse-
quent capsule formation. To ensure maintenance of
implant position, titanium screws (1.5 mm) are
placed through the implant into bone (Fig. 3).

Closure of intraoral incisions over onlay im-
plants should be performed in two layers to prevent
exposure.

Soft tissue implants to enhance the nasolabial
fold and lips are most effective if inserted in the
shape of oval and round tubes. They are threaded
into the recipient site with the aid of trocars or
curved alligator forceps (Fig. 4).

Figure 2 • Surgical approaches for placement of facial
implants. Figure 3 • Technique of screw fixation of onlay implants.

Figure 4 • Upper lip augmentation with a tubular implant.
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performed to ensure optimal positioning of the
implant.

• Soft tissue implants should be placed as deeply
in the tissues as possible while permitting the
desired amount of external contour change.

• Skeletal implants may be fixated with titanium
screws to prevent malposition or migration.

• Infected implants should be removed. Salvage
by administration of antibiotics is rare, espe-
cially in soft tissue implants.

• Choose implant materials based on the han-
dling quality of the material. Complications do
not seem to differ with the various materials
used.

SUGGESTED READINGS

Eppley BL: Alloplastic implantation. Plast Reconstr Surg
104:1761, 1999.

Terino EO, Flowers RS: The Art of Alloplastic Facial Contouring.
St Louis, Mosby, 2000.

Postoperative Care

Postoperative oral antibiotics are prescribed. Light
compressive facial dressings are recommended for
the first 24 hours for edema control. Because the
dimensions of the implant pocket or fixation to the
underlying bone controls implant position, external
implant stability methods are not recommended.

Pearls and Pitfalls

• Dissect the pocket with adequate dimensions.
Attempting to make an implant fit into a
pocket that is too constricted leads to a higher
incidence of external contour deformity and
implant palpability.

• For onlay augmentation of the facial skeleton,
sufficient subperiosteal undermining should be



Breast cancer is the most common malignancy 
in American women, with approximately 211,240
new cases and 40,000 deaths projected to occur 
in 2005. The increased use of screening mam-
mography has resulted in small, node-negative
breast cancer or ductal carcinoma in situ (DCIS)
being diagnosed in a higher proportion of women
than in the past. The increased number has come
with a concomitant increase in the number of options
available for local therapy. This chapter reviews local
therapy for breast cancer, as well as the indications
for postoperative irradiation and chemotherapy.

Local Treatment of Breast Cancer

Breast-Conserving Surgery

The majority of women with DCIS or stage I or II
breast cancer are eligible for local therapy with
breast-conserving surgery (BCS), mastectomy alone,
or mastectomy with immediate reconstruction. Con-
traindications to any type of surgery as the initial
treatment of breast cancer are listed in Table 1.
These patients should receive primary chemother-
apy, with surgery reserved for those who respond to
this modality. In patients with early-stage disease
(stage 0, I, II), the initial evaluation should identify
those with contraindications to BCS or immediate
breast reconstruction. Contraindications to BCS fall
into three general categories: (1) disease too exten-
sive to be encompassed by limited resection, (2)
inability to safely deliver breast radiation therapy
(RT), and (3) inability to monitor the patient for local
recurrence. These contraindications are summa-
rized in Table 2. Patients with two or more primary
tumors in separate quadrants of the breast (multi-
centricity) and those with persistent tumor at the
resection margin are not considered candidates for
BCS because of the high likelihood of a significant
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volume of clinically occult residual tumor that is
unlikely to be controlled by RT. Although thera-
peutic irradiation is contraindicated during any
trimester of pregnancy, women in whom breast

Breast Cancer
MONICA MORROW
NEIL FINE

TABLE 1 Contraindications to Surgery as the

Initial Therapy for Breast Cancer

Distant metastases (stage IV disease)
Extensive nodal involvement manifested by:

Supraclavicular adenopathy
Fixed axillary adenopathy
Edema of the ipsilateral arm

Skin involvement:
Ulceration
Satellite nodules

Inflammatory carcinoma
Fixation to the chest wall, including the:

Ribs
Sternum
Serratus anterior
But not the pectoralis major or minor muscles

TABLE 2 Contraindications to Breast-

Conserving Surgery

ABSOLUTE

Multicentric carcinoma
Inability to achieve negative margins after reasonable

surgical attempts
History of previous therapeutic irradiation to the breast

area
First or second trimester of pregnancy
Diffuse indeterminate or suspicious microcalcifications

on mammography
RELATIVE

Large tumor in a small breast
Active systemic lupus erythematosus or scleroderma
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Figure 1 • A, Mediolateral oblique mammogram on which spiculated cancer (arrow) is clearly evident. B, Magnified view of the
area of cancer demonstrating a second separate area of cancer (arrow) not well demonstrated on the nonmagnified view.

cancer is diagnosed during the third trimester can
undergo local excision with RT delayed until after
delivery. For those in whom cancer is diagnosed in
the first or second trimester, the delay in treatment
is too long for BCS to be routinely recommended.
Anecdotal reports of severe fibrotic reaction and
tissue necrosis after RT in patients with lupus or
scleroderma have made many radiation oncologists
reluctant to treat such patients, thus making these
conditions relative contraindications to BCS. If a
poor cosmetic outcome is anticipated because of the
size of the tumor in relation to the size of the breast,
the advantage of BCS is lost. However, as discussed
later, initial chemotherapy or endocrine therapy can
be used in an attempt to shrink the tumor before
surgery, thereby potentially allowing the patient 
to undergo BCS. Partial breast reconstruction is
another option in this circumstance.

The frequency of contraindications to BCS is
related to tumor stage. A study of 432 consecutive
patients with stage 0 (DCIS), I, or II carcinoma
demonstrated that only 22.5% had contraindications
to BCS. For women with stage I disease, this
number fell to 10%, but it was 30% for those with
DCIS or stage II disease. Although DCIS is most
commonly detected as calcifications on a mammo-
gram when it is still clinically occult, it often occurs

as a more diffuse lesion than invasive carcinoma,
resulting in a 30% incidence of contraindications in
this group. Contraindications to BCS are readily
identified by history, physical examination, and a
diagnostic mammogram. In contrast to a screening
mammogram, which includes only two views of the
breast (craniocaudal and mediolateral oblique), a
diagnostic mammogram includes magnified views of
the tumor to more precisely define its extent,
thereby allowing better determination of the
amount of breast tissue that must be removed 
(Fig. 1).

The success of BCS is measured by the incidence
of local recurrence in the preserved breast, as well
as by cosmetic outcome. Many studies have classi-
fied cosmetic outcome by using a rating scale of
excellent if the treated and the untreated breasts are
indistinguishable (except for the surgical scar), good
when the treatment effect is minimal, and fair if
there is a significant treatment effect, which may
include retraction, contour deformity, a poor surgi-
cal scar, loss of ptosis, or radiation effects such as
hyperpigmentation or telangiectasia. A rating of
poor is assigned for major deformities in the breast.
In large studies using modern radiation techniques,
85% to 90% of patients rate their cosmetic outcome
as good to excellent. Patient evaluations of cosmesis
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after BCS tend to be slightly more favorable than
those of their physicians.

The final cosmetic outcome after BCS is not
usually reached until approximately 3 years after
the completion of radiation therapy. During the
early posttreatment period, edema may obscure
defects in the breast. Fibrosis and retraction con-
tinue to occur for the first 3 years after RT. Studies
of cosmetic outcome with follow-up for 8 years after
treatment suggest that the treated breast remains
stable after 3 years, although events that affect the
nontreated breast such as pregnancy, major weight
gain or loss, and the normal aging process may con-
tinue to affect symmetry. Sensation in the treated
breast may have a major impact on patient satis-
faction. After BCS and RT, the treated breast main-
tains normal sensation, except perhaps in the area
of the surgical scar. For some women this is a major
advantage over mastectomy and reconstruction.

Multiple factors have been suggested to influence
cosmetic outcome, including initial breast size (with
both large and small breasts said to be associated
with poor cosmesis), the amount of resection, the use
of adjuvant chemotherapy, and the technique and
dose of RT. The amount of breast tissue removed
appears to be the major determinant of cosmetic
outcome, although the extent of deformity varies
with the quadrant in which the tumor is located and
the distance from the skin surface. In the past, the
need to remove the nipple-areolar complex as part
of BCS was considered an indication for mastectomy.
Although the cosmetic outcome after this procedure
is not as optimal as when the nipple and areola are
preserved (Fig. 2), the patient is left with a sensate
breast mound.

The desire to minimize resection of normal breast
tissue must be balanced by the need to minimize the
risk of local recurrence in the preserved breast.
Early studies suggested that large breast resections
(quadrantectomy) were associated with a lower risk
of local failure than were more limited resections of
normal tissue (lumpectomy). In a randomized trial,
local failure rates at 4 years were 2.2% in the quad-
rantectomy group and 7.0% in the lumpectomy
group. Improvements in mammography, the extent
of histologic evaluation of the lumpectomy specimen,
and the use of adjuvant systemic therapy have
resulted in a decrease in the rate of local recurrence
after lumpectomy over time, with modern studies
reporting local failure rates of 5% to 6% at 10 years.
The extent of surgery needed for lumpectomy can 
be individualized according to the mammographic
appearance and the histology of the tumor. Infil-
trating ductal carcinomas grow as a cohesive mass,
and minimal negative margins (defined as tumor
cells not touching an inked surface) reliably indicate
removal of the bulk of the tumor. In contrast, infil-
trating lobular carcinoma and infiltrating ductal
carcinoma with an extensive intraductal component
grow in a more diffuse fashion and may have gaps
between areas of tumor. For these malignancies,

excision with a 5-mm or greater negative margin is
prudent.

Technique of Lumpectomy

Skin incisions in the upper part of the breast should
be placed in lines of minimal tension. Circumareo-
lar incisions, although cosmetically preferred, are
not used for tumors in the periphery of the breast
because they do not provide adequate exposure to
ensure complete tumor removal. In the inferior
portion of the breast, radial incisions usually
produce less alteration in nipple position than skin
crease incisions do. Preservation of subcutaneous fat
is a key element in maintaining breast contour.
Breast tissue should be incised to a depth of 5 to 
10 mm above the tumor before excision is carried
out. The specimen is marked with orienting sutures
so that if there is tumor at the margin, its precise
location will be known and reexcision can be limited
to the involved margin surface. The breast cavity is
not reapproximated and drains are not placed.
Allowing the breast cavity to fill with serum helps
to maintain breast contour and makes resection cos-
metically acceptable in the majority of women with
small breasts (Fig. 3).

Breast Conservation in Women with
Large Tumors

For a woman with a large tumor in a small breast
who would not be a candidate for conventional BCS,
preoperative chemotherapy or endocrine therapy
may be indicated to shrink the tumor. In the United

Figure 2 • Cosmetic outcome of breast-conserving surgery
with removal of the nipple-areolar complex. The uplifting of the
breast is secondary to radiation.
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States, preoperative chemotherapy has been used
much more widely than endocrine therapy. Approx-
imately 80% of tumors respond to preoperative
chemotherapy with at least a 50% reduction in the
greatest diameter of the tumor. In 10% of cases,
pathologic resolution of all invasive cancer is seen.
In randomized trials, the use of preoperative che-
motherapy increases rates of breast preservation by
8% to 10%.

An alternative approach to a woman with a large
tumor that is particularly useful when a significant
amount of the tumor is intraductal carcinoma is the
use of an endoscopically harvested latissimus flap
for partial breast reconstruction. This procedure
preserves a sensate breast and nipple, and insertion
of the latissimus into the breast does not interfere
with follow-up mammography for detection of recur-
rent tumor. This procedure is ideal for tumors in the
upper outer quadrant, but any tumor location other
than the lower inner quadrant is amenable to this
technique. The procedure is performed in two
stages. The initial step is lumpectomy and sentinel
node biopsy. After a complete pathology examination
verifies negative margins and the absence of metas-
tases in the sentinel node, the reconstruction is per-
formed as a second separate procedure. If axillary
dissection is necessary (because of either metastases
in the sentinel node or a contraindication to sentinel
node biopsy), it is combined with the reconstruction.
With this approach, hospitalization is required only
for the second stage of the procedure. Margins
focally positive for tumor may be safely reexcised at
the time of reconstruction. However, if extensive
tumor is present at the margin after the initial exci-
sion, reexcision should be carried out as a separate
procedure to ensure that negative margins can be
obtained before harvesting the flap.

Technique of Endoscopic Latissimus
Harvest

The patient is placed in the lateral decubitus position
and the arm is prepared and draped in the field to
allow for full movement and repositioning during 
the operative procedure. The axillary incision for
removal of the sentinel node or axillary node dissec-
tion is extended to a length sufficiently long to admit
the surgeon’s hand (usually 8 to 9 cm). Care is taken
to place the incision between the anterior and post-
erior axillary lines so that it is not visible with the
arm in a down position. The border of the latissimus
is identified and elevated to expose the thoracodorsal
neurovascular pedicle. The serratus branch is ligated
and divided to avoid traction injury to the thora-
codorsal pedicle. The latissimus muscle is elevated
from the chest wall, primarily by blunt dissection.
The endoscope is used sparingly, both for lighted
retraction and for true endoscopic visualization.
Lumbar perforating vessels are cauterized during
the dissection if they are clearly visualized. The
superficial border of the muscle and the superior/
medial and inferior/lateral borders are rapidly dis-
sected free with a combination of scissors and cautery
dissection. The origin of the latissimus muscle is
divided from the paraspinous border with the use of
endoscopic scissors and tactile guidance from the
surgeon’s inserted hand. The muscle is delivered into
the axillary incision and all visible vessels identified
and cauterized (Fig. 4). Division of the insertion into
the humerus allows the muscle to be transferred via
a submammary tunnel into the breast defect. The
endoscope is inserted into the back cavity through
the axillary incision, and all blood vessels are identi-
fied and cauterized. Routine closure and drainage of
the back wound are performed (Fig. 5).

Mastectomy with or without
Reconstruction

Mastectomy, alone or with immediate reconstruc-
tion, should be discussed preoperatively with all
patients. The presence of severe comorbid conditions
that would preclude the prolongation of general
anesthesia is the only absolute contraindication to
immediate reconstruction. In the United States,
immediate reconstruction continues to be performed
infrequently. Between 1985 and 1990, only 3.4% of
patients undergoing mastectomy underwent recon-
struction within 3 months of their cancer diagnosis.
In 1994, this figure had increased to 8.3%. Factors
associated with an increased use of reconstruction
include noninvasive disease, younger patient age,
higher income, and geographic location.

Technique of Mastectomy

When mastectomy is performed without a planned
immediate reconstruction, the excess skin of the

Figure 3 • Outcome of breast-conserving surgery and radio-
therapy in a woman with small breasts and a primary tumor in
the medial aspect of the breast. No defect is apparent at the
lumpectomy site.
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breast and the nipple-areolar complex are excised.
Attempts to preserve excess skin in the event that
reconstruction is desired in the future may result in
unsightly skin folds that may make wearing a pros-
thesis difficult, in addition to the skin folds being
troublesome to keep clean. After planning the skin
incision, the breast is infiltrated with tumescent
solution. Flaps are elevated superiorly to the clavi-
cle, medially to the sternum, inferiorly to the rectus
sheath, and laterally to the latissimus dorsi. The
fascia of the pectoralis major is the deep margin of
the resection unless an implant/expander recon-
struction is planned. In that case, the fascia can be
preserved to facilitate the development of a pocket
for the implant. In the past, the pectoral fascia was
thought to serve as a barrier to the lymphatic dis-
semination of tumor cells, and its removal was
thought to be important. The demonstration that
lymphatic channels pass from the breast through
the pectoral fascia and into the pectoral muscles has
disproved this theory, thus making fascial preserva-
tion a safe practice.

The other modification of mastectomy when
immediate reconstruction is being performed is the
use of a skin-sparing approach. The only skin that
must be removed for oncologic purposes is the
nipple-areolar complex and the surgical biopsy site
(if present). Diagnostic needle biopsy techniques
avoid the problem of incorporating biopsy site in-
cisions. Exposure to perform the mastectomy is
obtained by skin incision rather than excision, a
strategy resulting in smaller scars and an improved
cosmetic appearance (Fig. 6).

Management of Axillary 
Lymph Nodes

Therapeutic management of the axilla is currently
in a state of transition. For many years, removal of

Figure 4 • The latissimus flap has been liberated and tun-
neled through the right axillary incision.

A

B

C

Figure 5 • A, Preoperative appearance of the breasts. 
B, Postoperative appearance after reconstruction with an endo-
scopically harvested latissimus flap (left side). C, Postoperative
view of the back donor site. Note the minimal asymmetry.

level I and level II axillary nodes was standard prac-
tice for invasive carcinoma. Lymphatic mapping and
sentinel node biopsy are now replacing axillary dis-
section as the initial staging procedure for the
majority of clinically node-negative patients. The
sentinel node, defined as the first node to receive
lymphatic drainage from a tumor, is identified by
injecting the breast parenchyma around the tumor,
the skin overlying the tumor, or the subareolar
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region with a radioactive colloid, 1% isosulfan blue
dye, or a combination of the two. A sentinel node can
be identified in approximately 90% of women with
breast cancer. If the sentinel node is free of metas-
tasis, the remaining axillary nodes are free of metas-
tasis in 95% or more patients. Follow-up studies
indicate that isolated axillary recurrence is present
in fewer than 1% of patients after sentinel node
biopsy alone. The advantages of the procedure are a
decrease in both short-term (pain, decreased range
of motion) and long-term (lymphedema) morbidity
in comparison to axillary dissection. Contraindica-
tions to sentinel node biopsy include suspicious pal-
pable adenopathy, previous axillary surgery, and
pregnancy. The procedure can be performed whether
the breast is treated by BCS or mastectomy.

Adjuvant Radiotherapy

When BCS is performed for invasive cancer, the use
of postoperative RT is routine. Nine prospective ran-
domized trials have compared outcomes in patients
treated with and without RT. Although individual
studies have failed to demonstrate a survival benefit
for RT, the use of RT reduces the risk of breast
recurrence by an average of 84%. A meta-analysis of
these studies does show a small improvement in sur-
vival with the addition of RT. The standard method
of irradiation had been to treat the entire breast
with a dose of 4500 to 5000 cGy, with a boost dose
of an additional 1000 to 1500 cGy given to the area
of the tumor. For the first 6 years after treatment,

the majority of local recurrences develop at or
around the site of the primary tumor. After that
time, cancer most commonly occurs in other quad-
rants of the breast and probably represents a new
primary tumor rather than local recurrence.

The pattern of local recurrence near the initial
tumor site, coupled with the need to perform mas-
tectomy to treat new second cancers after the entire
breast has been irradiated, has stimulated interest
in the use of breast irradiation limited to the quad-
rant of the breast in which the tumor is located. It
is delivered either through the implantation of
catheters in the tumor bed, which allows the radia-
tion to be delivered in a short time, or by external
beam technique. Additional follow-up is needed to
determine whether long-term local control and 
aesthetic outcome are equal to that reported after
whole-breast RT.

Until recently, the benefits of postmastectomy RT
were thought to be limited to reduction of local
recurrence in the chest wall and nodal areas. For
this reason, postmastectomy RT was reserved for
the relatively small subset of women with metas-
tases to four or more axillary nodes and for those
with locally advanced breast cancer, and it had little
impact on the selection of local therapy. Three recent
prospective randomized trials have suggested that
RT improves survival in women with nodal metas-
tases and that this benefit extends to those with
involvement of only one to three nodes. Postmastec-
tomy RT is now being offered to a larger group of
women, and this treatment change has potential
implications for the use of immediate reconstruc-
tion. Studies have shown that like native breast
tissue, flap reconstruction tissue undergoes fibrosis
and fat necrosis after RT, and these effects may not
be evident until 3 years after treatment. The use of
RT after implant reconstruction is associated with a
greater rate of implant loss and capsular contrac-
ture than observed in nonirradiated patients. The
authors’ approach to a patient with palpable suspi-
cious nodes and a high likelihood of requiring 
postmastectomy RT is to place a tissue expander 
at the time of the mastectomy, thereby allowing skin
preservation and maintaining a small scar. Tissue
expansion is undertaken during chemotherapy. At
the completion of RT, if the patient is not satisfied
with the aesthetic outcome, a secondary flap recon-
struction can be considered.

Adjuvant Systemic Therapy

The majority of women with invasive breast car-
cinoma receive some form of systemic therapy:
chemotherapy, endocrine therapy, or both. The
absolute benefit of adjuvant therapy is based on 
the risk of recurrence. Adjuvant chemotherapy or
tamoxifen reduces the risk of recurrence by approx-
imately a third. For a patient with several positive

Figure 6 • Postoperative appearance after bilateral mastec-
tomy with transverse rectus abdominis myocutaneous flap
reconstruction in association with a skin-sparing approach. The
scars from the nipple-areolar excision are incorporated into the
areolar reconstruction. The lateral skin incisions, placed to
provide exposure for complete breast excision, are faintly
visible.
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nodes who has a 60% risk of relapse, therapy
decreases the risk by 20%. The same therapy in 
a patient with a 10% risk of relapse results in only
a 3% absolute benefit. For this reason, adjuvant
therapy is recommended for all patients with nodal
metastases. For patients with negative nodes, treat-
ment is usually given for tumors larger than 1 cm
in diameter. When both chemotherapy and RT 
are indicated, chemotherapy is administered first.
Tamoxifen is given for 5 years, either concurrently
with RT or after its completion. Some data suggest
that chemotherapy should be initiated within 6
weeks of surgery for maximum effect; it is important
that adequate wound healing be achieved within
this period. Studies suggest that in the hands 
of experienced surgeons, the use of immediate re-
construction does not delay the institution of
chemotherapy.
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The breast is an important symbol of femininity.
Patients with breast deformities often experi-
ences loss of self-confidence that may affect their
everyday life. Breast reconstruction can restore a
“sense of self” and help the patient return to a
normal life.

This chapter details the surgical techniques used
in breast reconstruction, including implants,
expanders, local tissue transfers, and microvascular
free flaps.

Etiopathogenesis

The causative factors that necessitate breast recon-
struction can be divided into two broad categories
(1) congenital—including those not evident until
puberty, and (2) acquired—resulting from an insult
to the breast (e.g., mastectomy, trauma, burns).

Two common congenital disorders are Poland’s
syndrome and the tuberous breast deformity.
Poland’s syndrome consists of a spectrum of
hypoplastic elements confined unilaterally to the
thorax and upper extremity, the most consistent of
which is partial or total absence of the pectoralis
major muscle. The mildest form of the anomaly
includes mild breast hypoplasia and superolateral
displacement of the nipple-areola complex. In the
most severe form, there may be partial agenesis of
the ribs and sternum; brachysyndactyly; mammary
aplasia; absence of the latissimus dorsi, serratus
anterior, and pectoralis major muscles; scoliosis; and
rib deformities. Tuberous breast deformity can also
consist of a spectrum of soft tissue deformities and
in its full expression is characterized by a deficient
diameter of the inframammary base, a constricting
ring that herniates the nipple-areola complex,
hypoplasia of the lower mammary quadrants, and a
high location of the inframammary fold.

Breast Reconstruction
ERNEST S. CHIU
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Acquired breast deformities have multiple
causes, including trauma, burns, and recurrent
infectious breast disease or mastitis. The most
common acquired breast deformity results from the
local treatment of breast cancer.

Preoperative Evaluation

Physical examination is the most important compo-
nent of the preoperative consultation. Three
anatomic observations should be made to devise a
reconstructive plan:

1 A thorough evaluation of the breast defect must
be performed. The surgeon must consider the
components of the breast that require restora-
tion, including the chest wall, pectoralis major
muscle, breast tissue, and nipple-areola
complex. It is also paramount to evaluate the
quality of the tissues to be reconstructed, 
particularly if the patient has received 
radiotherapy.

2 The contralateral breast must be examined. It
is important to evaluate not only the size but
also the amount of ptosis present to perform a
procedure that will most likely recreate its
shape.

3 In cases of autologous tissue reconstruction,
the donor site should be evaluated. Assessment
includes an evaluation of any abdominal scars
or previous surgery. Previous subcostal inci-
sions or laparoscopic entry sites may divide the
superior epigastric pedicle and preclude pedi-
cled transverse rectus abdominis myocuta-
neous (TRAM) flaps. If the latissimus dorsi
muscle is paralyzed or weak, or scapular
winging is noted, the thoracodorsal pedicle has
most likely been divided. If the thoracodorsal
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pedicle is divided proximal to the serratus
branch, the latissimus dorsi flap can still be
used because reversal of blood flow in the 
serratus branch allows the muscle to remain
vascularized.

At the initial consultation, all reconstructive
options should be discussed with any patient con-
sidering elective breast reconstructive surgery. The
goals and realistic expectations of the patient and
surgeon alike should be set forth to ensure the
optimal treatment plan.

Imaging studies are necessary only in select
cases. Preoperative duplex Doppler examination is
advocated by some reconstructive surgeons before
free tissue transfer. Other studies might include a
magnetic resonance angiogram to evaluate the 
thoracodorsal pedicle in the case of delayed breast
reconstruction.

Reconstructive Goals

The reconstructive goals are to re-create the dimen-
sions, position, and contours of a healthy breast,
with adequate projection and a well-defined infra-
mammary fold. Nipple-areolar reconstruction
should create an areola of the appropriate size with
a projecting nipple. To improve the final aesthetic
outcome of the breast, an additional surgical proce-
dure on the contralateral breast may be necessary
to achieve symmetry.

Treatment

Poland’s Syndrome

Reconstruction of the breast in Poland’s syndrome
usually consists of a subcutaneous breast implant
with nipple-areola reconstruction. Some cases may
require chest wall reconstruction with a latissimus
dorsi pedicled flap to replace the absent pectoralis
major muscle. In cases of severe breast aplasia/
hypoplasia with a high nipple-areolar position,
expansion is usually necessary before placement 
of a definitive prosthesis. Some surgeons have 
advocated the use of autologous tissue techniques to
re-create a natural-appearing breast. For example,
a free TRAM flap may be necessary to achieve an
optimal result (Fig. 1). Because vascular anomalies
may be present in these patients, preoperative vas-
cular studies are justified.

Tuberous Breast Deformity

Augmentation with a subglandular implant, spread-
ing of the breast tissue by incision and unfurling, a
combination of placement of a subglandular implant
with a spreading technique, Z-plasty at the inferior

pole of the breast, and reconstruction with autolo-
gous tissue are options that can be used to treat
tuberous breast deformities. The choice depends on
the extent of the deformity.

Breast-Conserving Reconstructive
Surgery

Breast conservation therapy usually consists 
of either local wide excision, lumpectomy, or 
quadrantectomy.

1 Reduction mammaplasty. In patients with
large breasts and partial defects, reduction
mammaplasty with various pedicles (inferior,
medial, superior) that include the nipple-areola
complex can give a natural shape and satisfac-
tory results.

2 Latissimus dorsi muscle filling. In patients
with small breasts, correction of partial mas-
tectomy defects may be achieved by using a
pedicled latissimus dorsi flap to restore the
tissue deficiency. If the tissue has significant
radiation injury, it may be necessary to replace
the skin with a myocutaneous latissimus dorsi
flap. This procedure can be performed with
endoscopic assistance.

3 Local flap reconstruction. A skin paddle from
the local chest wall or deepithelialized, pedicled
flaps may be used to reconstruct partial breast
defects. The thoracoepigastric flap based on a
lateral branch of the superior epigastric artery
is the most widely used option. A thoracodorsal
artery perforator flap rotated from the back to
the breast is another local reconstructive option.

Total Mastectomy Reconstructive
Surgery

The skin markings should be made before mastec-
tomy. In general, the sternal notch, chest midline,
and inframammary fold are marked to delineate the
extent of dissection. After mastectomy it is impor-
tant for the reconstructive surgeon to be aware of
the viability of the skin flaps. Skin flaps that are
thin, especially in patients with potentially compro-
mised vasculature (e.g., smoker, diabetic, irradi-
ated), may result in necrosis and should be trimmed
before placement of a tissue expander or insetting of
the flap.

Expander Implant Reconstruction

Candidates for implant reconstruction include
women with small breasts who do not desire 
autologous tissue reconstruction or require bilateral
mastectomies. Ideal patients have lax skin of good
quality and an intact pectoralis muscle. Through
previous incisions, the lateral borders of the pec-
toralis major and serratus anterior muscles are
identified. A subpectoral plane is established, and
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partial release of the inferior border of the pectoralis
major is performed. Limited elevation of serratus
muscle fascia along the anterior axillary line limits
potential lateral migration of the implant. Textured
expanders allow ingrowth of collagen from the
periprosthetic capsule, which assists in fixing an
implant’s position.

Weekly tissue expansion is performed to fill the
expander 20% to 30% greater than the predicted
implant volume. Second-stage tissue expander
implant exchange is performed approximately 3 to
6 months later after complete expansion. The final
reconstruction should be performed at least 1 month
after completion of chemotherapy. The skin flaps are
elevated and an incision is made through the pec-
toralis muscle in the direction of the muscle fibers
for removal of the tissue expander and access to the
inframammary fold. Definition of the inframam-
mary fold with 2–0 silk suture can assist in the final
outcome. The position of the implant pocket at this
time plays an important role in the final result.
Either a saline or silicone implant may be used as
the permanent implant. Most patients choose saline

implants, which are effective for mound projection;
however, if a large volume (>500 mL) is required, a
silicone implant is preferred to avoid superior pole
rippling. Occasionally, nipple reconstruction can be
performed at this time, but it is most often reserved
for a third procedure.

Autologous Reconstruction

LATISSIMUS DORSI FLAP. Reconstruction with a
latissimus dorsi flap usually requires the inclusion
of a breast implant to achieve adequate volume and
projection (Fig. 2). However, a “fleur-de-lis” flap can
be used to avoid the use of an implant. A tradeoff is
a more extensive donor scar on the back. It is a reli-
able technique with a low incidence of flap failure.
Indications for a latissimus dorsi flap include
patients with loose back skin and generous fat, large
ptotic breasts that cannot be easily created by an
implant alone, and irradiated breast cancer patients
seeking reconstruction when skin quality is poor
and the blood supply is unreliable. This subset of
patients is not usually suitable for a TRAM flap or

A

BC

Figure 1 • A, Patient with Poland’s syndrome of the right side of the chest. B, Outline of the planned free microvascular trans-
verse rectus abdominis myocutaneous flap reconstruction. C, Postoperative result.
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more extensive surgery. Skin islands can be designed
in a variety of positions over the latissimus dorsi
muscle. The entire muscle is usually harvested and
tunneled across the axilla. If soft tissue bulk is
desired, the thoracodorsal nerve should be pre-
served. Conversely, the thoracodorsal nerve can be
divided after anterior transposition of the flap in
patients in whom muscle atrophy is not a concern.
The muscle is sutured to the pectoralis major, and
the implant is placed underneath both muscles. A
low, oblique skin island can easily be inset in the
inferior lateral quadrant of the reconstructed breast
to allow for ptosis and to define the inframammary
fold. The latissimus muscle insertion on the humerus
can be transected and anteriorly transposed to
decrease a lateral contour (“bulging”) deformity.

TRAM FLAP. The TRAM flap is the workhorse of
autologous breast reconstruction. It can be used as
a pedicled flap, free flap, or perforator flap. Ideal
patients are moderately built with generous abdom-
inal fat and a lax abdominal wall from previous
pregnancy. Patients must also be willing to accept

the obligate abdominal scar and minor muscle loss.
The main advantages of a TRAM flap are the per-
manent, naturally soft contour that can be achieved
without the need for an implant, as well as the
removal of excess abdominal tissue and tightening
of the abdomen. The TRAM flap receives its main
blood supply from perforators of the distal deep infe-
rior epigastric artery. The perforators fill from the
deep superior epigastric artery through “choke”
vessels within the muscle above the umbilicus. For
this reason, it is important to design the skin island
so that it is centered just below the umbilicus to
recruit the maximum number of “choke” vessels and
thereby ensure the necessary reverse blood flow for
the TRAM flap to be pedicled superiorly. Four vas-
cular zones with different degrees of vascularity are
present in the skin paddle. Zone I lies directly over
the ipsilateral rectus muscle being raised and is well
perfused, whereas zone IV is the tissue farthest from
the pedicle and is the least reliable.

PEDICLED TRAM FLAP. Flap dissection is carried
out in a lateral-to-medial direction until the lateral

A

BC

Figure 2 • A, Patient with congenital left breast hypoplasia and failed implant reconstruction. B, Outline of the planned pedi-
cled latissimus dorsi flap reconstruction. C, Postoperative result.
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row of perforators is localized. The flap is elevated
from the opposite side across the midline until the
medial perforators are visualized. The perforators
should be maximally preserved before incising the
fascia, and the muscle is divided inferiorly and mobi-
lized out of the rectus sheath. Care is taken to divide
the eighth intercostal nerve at the costal margin to
reduce postoperative muscle fullness in the epigas-
trium. The flap is brought through a subcutaneous
tunnel that connects the abdomen to the mastec-
tomy site and it is rotated 90 to 180 degrees as
needed.

Microsurgical Reconstruction

Advances in the field of microsurgery have allowed
plastic surgeons to broaden their armamentarium
for autologous breast reconstruction and have made
microvascular free flaps the primary choice for a
growing number of breast cancer patients. The the-
oretical advantages of a free flap are an enhanced
blood supply to the autogenous breast tissue,
greater flexibility in shaping the tissue, and aes-
thetically acceptable donor sites in the case of
TRAM or gluteal flaps.

FREE TRAM FLAP. The free TRAM flap operation
allows the transfer of a large volume of vascularized
skin and subcutaneous tissue to the mastectomy site

(Figs. 3 and 4). Modifications of the flap-harvesting
technique, including muscle-sparing and perforator
flaps, are designed to minimize abdominal wall
hernias and preserve rectus muscle strength and
function. The flap pedicle is based on the deep infe-
rior epigastric vessels, and the preferred recipient
vessels are the thoracodorsal or internal mammary
artery and vein. If the thoracodorsal vessels are
chosen, injury to the long thoracic nerve should be
avoided, and the serratus branch of the thoracodor-
sal artery should be preserved for a possible latis-
simus flap in the future. Contralateral versus
ipsilateral harvest of the flap depends on the goals
of shaping the flap to restore the skin and volume
requirements of the mastectomy defect.

Safety is always a primary concern when choosing a
free TRAM flap procedure because of the length of the
procedure and potential microvascular complications.
Severe atherosclerosis, congestive heart failure, and
pulmonary disease can increase risk and impede
oxygen delivery to the flap. Ahistory of deep vein throm-
bosis of the lower extremities and pulmonary emboli
may also be a contraindication to a free TRAM flap.

A two-team microsurgical approach is preferred.
Identification plus preparation of recipient vessels is
helpful before harvesting the free flap. Preopera-
tively, the flap pedicle (left versus right) should be
determined for breast reconstruction. In general, if
the patient has a narrow breast base with signifi-

Rectus abdominis

Superior extension
of subcutaneous fat

Deep inferior
epigastric vessels Rectus

abdominis

Thoracodorsal
vessels

A B

Figure 3 • A, Technical details of free transverse rectus abdominis myocutaneous (TRAM) flap dissection. Note the supe-
rior extension of subcutaneous fat and the limited harvest of fascia and muscle. B, The long vascular pedicle of the free TRAM
flap allows ease of anastomosis with the recipient axillary vessels and versatility in molding the breast mound.
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Figure 4 • A, Patient with cancer of the left breast who is to undergo left skin-sparing mastectomy with immediate recon-
struction by a free transverse rectus abdominis myocutaneous flap. B, After breast reconstruction, left nipple-areola recon-
struction with right vertical mammaplasty and abdominal liposuction/scar revision is to be performed. C, Final result.
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cant ptosis, an ipsilateral flap yields the best result.
A wide breast is better reconstructed with a con-
tralateral TRAM flap. Similar to harvest of a pedi-
cled TRAM flap, the medial and lateral rows of
perforators are identified. The anterior abdominal
wall fascia is incised with preservation of the medial
and lateral rectus muscles. The flap is harvested
when the recipient vessels are adequately prepared
and the pedicle divided.

PERFORATOR FLAPS. Dissection of the musculocu-
taneous perforator vessels that provide the blood
supply to a myocutaneous flap allows harvesting of
the flap without the need to incorporate any muscle.
The result is a perforator flap consisting of only skin
and fat. Although this technique is tedious and tech-
nically demanding, many surgeons believe that the
advantages of added strength and better contour of
the donor site are considerable.

The deep inferior epigastric perforator (DIEP) flap
implies the dissection of one to three perforator
vessels through the rectus abdominis muscle, down
to their origin from the deep inferior epigastric
artery. The DIEP flap maintains the advantages of
the free TRAM flap while reducing the lower abdom-
inal wall contour deformities sometimes associated
with the TRAM donor site.

The superior gluteal artery perforator flap is used
as an alternative to the DIEP flap. By following the
perforator through the gluteus maximus muscle, the
length of the pedicle (6 to 7 cm) of the superior
gluteal flap is considerably increased, thereby allow-
ing for more insetting options and facilitating
microvascular anastomosis. The main advantages of
perforator flaps are reduced postoperative pain and
a faster recovery period.

OTHER FREE FLAPS. Other free flaps may be used
as alternatives to the free TRAM or DIEP flap when
these flaps are not available (e.g., in very thin
patients, postabdominoplasty patients, or patients
with scars within the planned flap).

The superficial inferior epigastric artery (SIEA)
flap is an option for breast reconstruction when the
vessels are of sufficient caliber (less then 15% of
cases). It is ideal in the sense that it does not
produce morbidity of the abdominal wall and allows
a concealed scar similar to a free TRAM flap. The
major drawbacks of a free SIEA flap are the short
length and small vessel diameter. The SIEA is
absent approximately 40% of the time, and the
vessels may be unusable (<1.5 mm in diameter) 20%
of the time. Many surgeons routinely dissect these
vessels in all TRAM cases and, if suitable, proceed
with an SIEA flap.

The Rubens flap (periiliac flap) is based on the
deep circumflex iliac artery. Although the vascular
anatomy is highly reliable, the main disadvantage
of this flap is violation of the abdominal wall with
an increased risk for flank hernias if adequate atten-
tion is not directed to abdominal wall closure.

The superior gluteal flap is a fasciocutaneous flap
based on the superior gluteal artery (Figs. 5 and 6).
The ideal patient is an active, young middle-aged
patient desiring permanent reconstruction with
excellent projection. She usually refuses implants
and the use of abdominal muscles, or other recon-
structive efforts have failed.

The flap dissection is technically difficult, and the
flap has a short pedicle. The tissue may also be dif-
ficult to mold into a natural-appearing ptotic breast.

The anterolateral thigh flap is a fasciocutaneous
flap and another alternative for breast reconstruc-
tion in patients with abundant lateral thigh tissue.
It is based on the lateral femoral circumflex artery
and is more amenable to molding than the gluteal
flap. However, it should be emphasized that there is
potentially a highly visible donor site scar. Lateral
femoral cutaneous neurapraxia and seroma forma-
tion have also been described.

Nipple-Areola Reconstruction

AREOLA. The optimal method for areola recon-
struction is intradermal pigment tattooing because
this technique yields satisfactory long-term results
without the necessity for additional donor sites.

NIPPLE GRAFTING. Also known as nipple sharing,
this technique yields a natural-appearing nipple
and consists of grafting part of the normal nipple
into the reconstructed breast mound. Depending on
the length of the donor nipple, the graft may be
taken as a wedge excision or a cap amputation.

SKATE FLAP. This technique produces a projectile
nipple. A local flap is raised and wrapped on itself.
It leaves a raw donor site that usually requires skin
grafting from the groin or the axillary portion of the
mastectomy scar.

C-V FLAP. This technique uses two long triangular
V flaps extending horizontally and one semicircular
C flap originating from the most inferior ends of the
V flaps. The triangular flaps are wrapped around
the C flap, which acts as a core. It also allows direct
closure of the donor sites. Overcorrection in length
is necessary to allow for subsequent settling and loss
of height.

Postoperative Care

Postoperative care of the patient is individualized
and based on the complexity of the procedure.
Drains are placed for 3 to 5 days after mastectomy
to decrease the likelihood of hematoma and seroma
formation. Patients who have been treated by free
tissue transfer undergo standard postoperative free
flap protocol monitoring. Free flap loss can generally
be avoided by using meticulous microsurgical 
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Superior gluteal
free flap

Superior gluteal
artery

Gluteus medius

Gluteus maximus

Inferior gluteal
artery

Sciatic nerve

Piriformis

A

B

Gluteus flap

Figure 5 • A, The superior gluteal free flap is supplied by the superior gluteal vessels and supported by a portion of the
superior gluteus muscle. Design of the flap includes dissection of the skin island and a wedge of subcutaneous fat suf-
ficient to match the contralateral breast as closely as possible. Careful design minimizes the donor defect. B, Insetting of
the gluteal free flap is more easily done when the internal mammary vessels are used as recipient vessels.
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techniques, properly selecting patients for a specific
type of reconstruction, and implementing attentive
postoperative monitoring and care.

Complications

Expander Implant Reconstruction

Early complications of tissue expansion reconstruc-
tion are a function of the wound, the device, the
process of expansion, and the quality of tissue cover
at the site of the mastectomy. Wound complications
(hematoma, seroma, and infection) may occur. Skin
necrosis and wound breakdown occur more fre-
quently after mastectomy as a result of pressure
applied to the skin flaps. Complications from the
device are usually due to expander failure, which
may occur secondary to needle puncture at the time
of suturing or periodic refilling. Mastectomy skin
flaps that are thin may have inadequate blood
supply along the wound edges, thus requiring addi-
tional débridement before wound closure.

Late complications of implant reconstruction
include capsular contracture, superior pole rippling,
and implant rupture. Capsular contracture rates
have been reported to be as high as 35%, and 
capsulectomy/capsulotomy and implant exchange or
removal may be required in the event of contracture.
Superior pole rippling is more commonly seen in
underfilled saline implants. Silicone implants have
the advantage of less noticeable rippling and more
natural shape and feel. The rate of rupture of silicone
gel implants approximates 50% (follow-up of more
than 10 years after insertion). Saline devices have a
1% per year cumulative rupture rate after 5 years.

Autologous Reconstruction

TRAM Flap. Abdominal bulging, fat necrosis,
partial flap loss, and total flap loss are potential
complications. The complication rate has been
reduced by using improved flap-harvesting tech-
niques for free TRAM reconstructions. Partial flap
loss occurs more commonly than total flap loss. Skin
envelope complications may also occur. In the
setting of immediate reconstruction, some surgeons

A B

C D

Figure 6 • A, Patient for prophylactic bilateral mastectomy (breast cancer positive). B, Outline of the superior gluteal artery
flap. C, Final result. D, Donor site.
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should rest in the inferior pole of the breast to
allow an increased amount of soft tissue
volume in the inferior aspect of the new breast
mound.

• In women with narrow, ptotic breasts, vertical
or diagonal orientation of the flap might yield
a more symmetrical reconstruction, whereas in
more overweight patients with wider breasts,
horizontal placement might be more effective.
Proper use of flap-folding techniques can also
improve the final aesthetic result.

• Folding the TRAM flap on itself allows for more
projection of the lower pole, as well as improved
definition of the inframammary fold in delayed
reconstructions.

• At the time of initial TRAM flap dissection,
beveling of the superior flap helps to reduce
excessive upper pole fullness and provides a
more natural contour.

• With TRAM flap reconstruction, maximal
preservation of the anterior rectus sheath
results in fewer abdominal wall hernias or
bulges. Lateral abdominal wall myofascial
release should be used in patients with exces-
sive tension at the midline closure.

SUGGESTED READINGS
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advocate the use of intravenous fluorescein and a
Wood lamp to avoid leaving a compromised mastec-
tomy flap behind and thereby reduce the chance of
native breast flap necrosis. Abdominal hernias occur
at varying rates, depending on the method of closure
and patient selection. Wound complications such 
as infection and dehiscence occur at an incidence
similar to that of other surgical procedures, but with
a higher frequency in smokers and diabetics. Size
mismatch, an unsatisfactory aesthetic result, and
the need for revision surgery may also be considered
complications.

Latissimus Dorsi Flap. Major complications are
rare. However, minor complications such as seroma
formation at the donor site are common and occur
regularly in obese patients. Prolonged placement of
drains is usually necessary. Some surgeons advocate
quilting sutures to plicate and decrease the space.

Pearls and Pitfalls

• Expander implant reconstruction may result 
in a high-riding implant with an inadequately
defined inframammary fold. Lowering the
inframammary fold may be necessary along
with restriction of superior pocket dissection. A
compression band worn above the breast 4 to 6
weeks after implant placement may also be
helpful.

• When a latissimus implant reconstruction is
performed, it is important to avoid placing the
skin island high on the breast. The skin paddle
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Since its beginnings, thoracic surgery has been asso-
ciated with significant mortality. Patients would
often succumb to respiratory failure, infection, or
their underlying disease process. A significant factor
in outcome was the thoracic wound and the result-
ing instability of the chest. Furthermore, resection
of chest wall tumors was not an option because
reconstructive techniques were limited. Over the
past 30 years, the development of ventilators,
antibiotics, and synthetic mesh, along with a de-
tailed understanding of muscle flap anatomy, has
enabled surgeons to reconstruct chest wall defects.
This chapter reviews the etiology of chest wall
defects and the reconstructive techniques currently
available for chest wall reconstruction.

Etiopathogenesis/Causative Factors

Chest wall defects can result from infection, resection
of tumors, radiation injury, trauma, or congenital
defects. The most common cause of chest wall defects
is an infected or unstable median sternotomy wound
(Fig. 1). Median sternotomy wound infections occur
in up to 5% of cardiac surgery patients. These infec-
tions pose a major risk that significantly increases
morbidity and mortality. Risk factors include dia-
betes, obesity, distant infections, emergency surgery,
prolonged cardiopulmonary bypass, and tracheotomy.
In addition, the use of both internal mammary arter-
ies devascularizes the sternum and increases the
risk. The most common organisms include Staphy-
lococcus aureus, Staphylococcus epidermidis, Pseu-
domonas, Serratia marcescens, and enterococci.
Historically, these wound were left to granulate and
heal by secondary intention; however, such treatment
is associated with significant cost and mortality.

Chest wall malignancies can be benign, malig-
nant, metastatic, or the result of direct extension 
of tumor. Benign primary chest wall neoplasms
include osteochondroma and fibrous dysplasia. They

Chest Wall Reconstruction
ADNAN M. DIN

GREGORY R. D. EVANS

usually require local excision alone. Chondrosar-
coma, the most common primary malignant chest
wall tumor, requires wide resection. Metastases and
direct extension are most commonly due to advanced
breast or lung cancer.

Radiation therapy has become a mainstay of
treatment of many types of malignancy. However,
radiation damage can lead to microvascular fibrosis
with thrombosis, delay in wound healing, wound
breakdown, and infection. In addition, radiation-
induced changes most often worsen with time. Areas
with significant radiation changes may be painful,
unstable, and unsightly and thus require wide resec-
tion and reconstruction.

Congenital chest wall defects are less common,
the most frequent being Poland’s syndrome. In addi-
tion to the breast deformities (mammary aplasia/
hypoplasia) in this condition, partial agenesis of 
the ribs and sternum may also be present and may
require treatment.

Pathologic Anatomy

The ribs, sternum, and spine are the structural
support of the chest. They form a cone with the apex
directed superiorly. They are rigid to protect the
underlying organs while simultaneously remaining
flexible to facilitate respiration. This framework
allows for muscular attachment to the clavicle,
humerus, and scapula and supports the upper
extremity.

The muscles of the chest wall are divided into 
respiratory muscles, arm muscles, muscles joining
the chest and abdomen, muscles joining the chest
and head, and muscles supporting the spine. The
respiratory muscles are the diaphragm and the
intercostals. They form the limits of the chest and
divide the chest from the abdominal cavity and the
more superficial muscles. The intercostals link the
ribs and add dynamic stability in addition to 
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avascular. The lateral blood supply consists of the
branches of the subclavian and axillary arteries.
The important vessels include the thoracoacromial
artery (supplying the pectoralis), the thoracodorsal
artery (supplying the latissimus and the serratus),
and the lateral thoracic artery.

Diagnostic Studies

Basic preoperative assessment of patients with
chest wall defects includes chest radiographs, com-
plete blood counts, and arterial blood gas values.
Nutritional evaluation by determination of serum
albumin and transferrin levels and anthropometric
measurements are considered in selected patients.
In addition, pulmonary function tests document the
patient’s ability to withstand any degree of chest
wall flaccidity necessitating reconstruction. Com-
puted tomography is useful for assessment of
tumors or infections. Cardiac evaluation is limited
to patients with risk factors; these patients are
screened for underlying coronary disease.

Reconstructive Goals

Chest wall resection does not routinely require
complex reconstruction because of the abundant
local muscular tissue and redundant bony support.
Superficial soft tissue defects that do not involve the
ribs and sternum can often be reconstructed with
local soft tissue flaps. Despite lack of consensus,
reconstruction of bony chest wall defects is only nec-
essary if three or more ribs are resected or if the
defect is larger than 5 cm. These large defects can
result in paradoxical movement of the chest with
inspiration and can thus lead to pulmonary insuffi-
ciency. In patients undergoing radiation therapy, up
to five ribs may be resected before reconstruction is
considered because of the increased fibrosis and
resulting stiffness of the chest wall in these patients.
Overall, the primary goals of chest wall reconstruc-
tion are as follows:

1 Débridement of infected or necrotic tissue
2 Coverage of vital structures
3 Restoration of function
4 Stabilization of the bony skeleton
5 Obliteration of dead space
6 Aesthetic considerations

Surgical Treatment

Because of the availability of abundant local tissue,
most chest wall defects are amenable to reconstruc-

assisting with respiration. The important arm
muscles include the pectoralis, latissimus, serratus,
trapezius, and shoulder girdle muscles. They provide
shoulder stabilization and arm movement. The
actions of these muscles are redundant, and there-
fore muscles can be sacrificed and used for recon-
struction. The important muscles joining the chest
and abdomen are the rectus abdominis and the
obliques. The rectus is a workhorse in chest wall
reconstruction because it is easily harvested and
provides excellent reconstructive tissue.

The blood supply of the chest is abundant. It can
be divided into a posterior, an anterior, and a lateral
supply. The posterior supply is a segmental supply
directly from the aorta and is not generally used for
chest wall reconstruction. It is rarely interrupted
and it reliably supplies the ribs and intercostals.
The anterior supply is derived from the internal tho-
racic or internal mammary vessels. It joins with the 
posterior supply through the intercostals, but unlike
the posterior supply, it is often used in reconstruc-
tive procedures because this vessel supplies the
rectus abdominis muscle and the medial row of per-
forators of the pectoralis muscle. The two internal
mammary vessels, however, also supply the
sternum, and when both are sacrificed in cardiac
revascularization, the sternum is left relatively

Figure 1 • Patient with sternal infection after coronary artery
bypass graft surgery. The open wound requires flap closure and
adequate débridement.
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tion with local tissue. The latissimus dorsi and pec-
toralis muscles are most commonly used for most
chest wall reconstructions. In addition, rectus
muscle flaps, with or without a cutaneous compo-
nent, are useful in cases in which the pectoralis or
latissimus is not available. Overall, a variety of
options can be used, and planning must consider
areas of previous irradiation or surgery. Microvas-
cular free flaps for reconstruction are occasionally
used when regional flaps are unavailable or have
failed.

Reconstruction often requires establishing rigid-
ity in the chest wall. Ribs, iliac crest, and fibula bone
grafts can be used, but they are associated with
donor site morbidity. Alternatively, Gore-Tex,
Prolene, or Marlex mesh can be useful for estab-
lishing stability of the chest wall. The patch is tai-
lored to the chest wall defect and sutured to the edge
of the defect in taut fashion. A composite Marlex
mesh and methylmethacrylate sandwich can
provide additional rigidity in patients with signifi-
cant defects. To construct this composite, a Marlex
mesh layer is sutured to the edges of the chest wall
defect. Methylmethacrylate is applied to the Marlex
and covered with an additional piece of Marlex mesh
to create a “sandwich.” The composite graft is irri-
gated with chilled saline because of the exothermic
reaction of methylmethacrylate. It is important to
use caution with prosthetic materials in areas of
previous radiation therapy because these areas are
prone to infection and exposure. Well-vascularized
tissue must cover the prosthetic reconstructions to
limit potential complications. Moreover, in cases of
radiation injury, autogenous reconstruction of the
structural stability of the chest wall with bone or
cartilage grafts is preferred.

Pectoralis Major

The pectoralis muscle flap is a versatile workhorse
for anterior chest wall defects. It is especially useful
for median sternotomy wound infections. These
infections require débridement of devitalized or
infected tissues, followed by coverage of the defect
with viable tissue. This is best achieved by using the
pectoralis muscle flap. It is important to débride
adequately the costal cartilage because exposed car-
tilage has little defense against recurrent infection.

Advancement of the muscle is based on the tho-
racoacromial pedicle. The subcutaneous tissue is
undermined over the anterior surface of the pec-
toralis fascia, and the muscle is dissected medially
off the chest wall. The thoracoacromial pedicle
enters the muscle laterally on its undersurface.
While preserving this pedicle, the muscle is divided
from its humeral and clavicular attachments to
allow rotation into the wound. This disinsertion
from the humerus can be facilitated by making a
separate incision over the deltopectoral groove. After
the muscle is rotated and sutured in place, closed
suction drains are inserted and the skin is closed

primarily. Mobilization of one pectoralis muscle is
usually sufficient, and the nondominant muscle is
preferred to minimize donor site morbidity. In some
instances, both pectoralis muscles must be mobi-
lized to cover larger defects.

Alternatively, the muscle can be turned over 
and based on the perforators from the internal
mammary vessels. This technique is useful for a
lower defect because turnover maximizes reach to
the lower portion of the sternal defect. With this
technique, the dissection is performed over the ante-
rior surface of the pectoralis fascia. Dissection
should proceed to the humeral limits of the pec-
toralis. It is disinserted from its humeral and clav-
icular attachments. The thoracoacromial artery is
identified and ligated. It again can be helpful to
make a separate incision over the deltopectoral
groove for the disinsertion. The undersurface of the
muscle is freed from the chest wall to the medial row
of perforators. It can be split along the fibers to facil-
itate coverage of lower defects. Over time, scarring
and fibrosis of the pectoralis muscle often lead to
adequate chest wall stability and protection. The
shortcoming of the pectoralis flap is its inability to
reach the lowest portion of the sternum and xiphoid.
For low defects, alternative options may be required.

Latissimus Dorsi

Soft tissue closure of the anterior, posterior, or
lateral chest wall is usually achieved with the ver-
satile latissimus dorsi flap. The latissimus muscle is
an excellent choice for chest wall reconstruction
because of its bulk, wide arc of rotation, and reliable
vascularity. Its wide arc of rotation can be based on
either the thoracodorsal artery or the 9th to 11th
intercostal arteries; however, the latter is less reli-
able. An optional and reliable skin island may also
be designed up to 10 cm in width and can be ori-
ented in a horizontal, oblique, or vertical direction.

Posterior chest wall defects are less frequent.
However, defects of the lower two thirds of the chest
are also closed preferentially with the latissimus
dorsi flap. The latissimus muscle is divided from its
humeral attachment and can be mobilized based on
blood supply from the lumbar and intercostal arter-
ies to cover the lower two thirds of the back. An
alternative and perhaps more reliable option is to
place vein grafts into the thoracodorsal vessels to
allow further extension of the muscle to the lower
part of the thorax.

Rectus Abdominis

The rectus abdominis flap is useful for lower ante-
rior chest wall reconstruction. The flap can even be
used after internal mammary artery harvest based
on collateral circulation through the intercostal
vessels, although in these cases the skin island is
not as reliable. In general, skin paddles may be 
oriented in a variety of patterns, depending on the
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right gastroepiploic vessels is usually preferable
because of its increased vessel diameter and length,
which can be extended from 9 to 12 cm. The short
branches extending from the gastroepiploic arch to
the greater curvature of the stomach are ligated and
divided. The flap can be brought out through a
diaphragmatic defect for lesions within the thoracic
cavity or exteriorized through the anterior abdomi-
nal wall. Depending on the size and location of the
associated defect, the gastroepiploic artery and vein
can be isolated on either side and divided to opti-
mize flap length. Care must be taken to avoid
tension, which can damage omental tissue and
vessels. Recipient vessels may be prepared in the
event of free tissue transfer.

Trapezius

Defects in the posterior upper midline or cervical
areas are preferentially closed with a trapezius
muscle flap. The flap is based on the transverse cer-
vical artery. The ascending branch runs parallel to
the anterior border of the trapezius, and the
descending branch passes beneath the trapezius
muscle at the base of the neck. This distinct division
of the transverse cervical artery can support the 
separate territories.

The lower portion of the muscle is elevated from
the skin and detached from the scapula. A skin island
may also be designed over the muscle. The muscle is
generally used as either a horizontal shoulder fas-
ciocutaneous flap or a vertical island myocutaneous
flap. Care must be taken during dissection of the flap
to prevent injury to the spinal accessory nerve.

Serratus

Located on the lateral aspect of the chest, this
muscle is occasionally used for local soft tissue
closure. Taking its origin from the medial border of
the scapula, the muscle attaches to the lateral exter-
nal borders of ribs 1 to 8, with its innervation and
blood supply derived from the long thoracic nerve
and artery. Its use in chest wall reconstruction is
limited by its location, size, and arc of rotation. Ele-
vation is similar to harvest of the latissimus dorsi
flap. In addition, the serratus and latissimus dorsi
may be harvested as two separate flaps based on the
same thoracodorsal pedicle.

Poland’s Syndrome

Treatment of Poland’s syndrome remains controver-
sial. Some surgeons advocate early surgery to
prevent psychological repercussions. In young girls,
the operation is often delayed until full breast matu-
rity. Others advocate insertion of a tissue expan-
der in early adolescence with periodic expansion
throughout puberty. Most reconstructions involve
harvesting the ipsilateral latissimus to cover the
anterior chest wall after skeletal stabilization with

defect. Extension of the skin pattern beyond the
border of the muscle allows for coverage of the
midthorax. When possible, the paraumbilical perfo-
rators should be incorporated to increase the vascu-
larity of the skin island (Fig. 2).

Omental Flap

The omental flap is occasionally used to close chest
wall defects. Its pliability permits adequate soft
tissue fill in both external thoracic cavity and inter-
nal pleural defects. Harvest of the flap does carry a
risk of introducing infection into the abdominal
cavity, bowel perforation, and possible herniation. 
A history of previous intraabdominal infection,
surgery, or dense adhesions is a contraindication to
the use of this flap.

The greater omentum is mobilized based on
either the left or right gastroepiploic artery by blunt
dissection from the greater curvature of the stomach
and the transverse colon. A pedicle based on the

A

Figure 2 • A, Fifty-five-year-old woman with recurrent breast
cancer after right mastectomy. An ulcerative lesion is identified
on the anterior chest wall. B, The surgical resection site was
covered with the rectus abdominis muscle and a skin paddle
(transverse rectus abdominis myocutaneous flap). Changes
consistent with previous radiation therapy can be noted on the
chest wall skin.

B
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Pearls and Pitfalls

• Wide resection of all tumors and areas of 
infection should be undertaken before 
reconstruction.

• Marlex, Prolene, or methylmethacrylate/
Marlex composite patches are useful for stabi-
lizing chest wall defects larger than 5 cm or
defects resulting from removal of three or more
ribs.

• Prostheses are best avoided in irradiated or
infected tissue.

• A satisfactory blood supply and obliteration 
of dead space are central to success in 
reconstruction.
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Marlex or Prolene mesh. Occasionally, patients with
marked rib deformity may require subperichondrial
cartilage resection or sternal osteotomy and rota-
tion, or both.

Postoperative Care

Mortality rates after chest wall reconstruction are
less than 5%. Most patients have little to no func-
tional impairment after flap harvest. Patients are
encouraged to ambulate early to prevent any post-
operative pulmonary complications. Most deaths in
the first year after surgery are usually due to the
underlying disease process.

Postoperative patients should be monitored
closely to check flap viability. Constriction of the
reconstructed flap through a subcutaneous tunnel
may lead to flap failure from arterial insufficiency
or venous outflow obstruction. In areas that have
previously undergone radiation therapy, subcuta-
neous tunnels are avoided. Drains are used in all
cases and are subsequently removed when total
drainage has decreased to less than 30 mL per 24
hours. Patients are also instructed to abstain from
strenuous activity or lifting for 6 weeks. Mesh frac-
tures have been noted, but the overlying soft tissue
flap often prevents complications.



Abdominal wall hernias and defects are a common
clinical entity, and most are treated by a general
surgeon. Occasionally, however, these defects are not
amenable to simple closure, and more complex pro-
cedures are required. Understanding of the tech-
niques of moving tissues enables the plastic surgeon
to assist in these difficult cases. This chapter reviews
the principles of abdominal wall reconstruction and
highlights proven reconstructive techniques.

Etiopathogenesis

Abdominal wall defects can result from many clini-
cal situations, including incisional hernias, trau-
matic wounds, tumor resection, and infection.
Incisional hernias are the most common cause of
abdominal wall defects. Most hernias are closed by
a general surgeon. Wide defects and recurrent
hernias present a significant challenge, and plastic
surgeons are often consulted for assistance. Trau-
matic wounds of the abdomen may be the most dif-
ficult to treat because of the haphazard, acute, and
frequently contaminated nature of the wounds.

Resection of abdominal wall tumors is a less
common cause of abdominal defects, but it often
results in defects of multiple layers. Sarcomas,
including rhabdomyosarcoma and liposarcoma, are
the most common primary malignancy, although
metastatic tumors are also seen. Desmoid tumors
are locally invasive, benign tumors that tend to
recur and require wide resection for cure. Der-
matofibrosarcoma protuberans is a dermal neo-
plasm that is also resected with wide margins.

Postsurgical infections of the abdominal wall are
fairly common, and mild infections lead to an
increased rate of incisional hernias. Primary necro-
tizing infections of the abdominal wall are rare, and
a delay in diagnosis is common. This delay often
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results in devastating consequences. These cases
require aggressive débridement to healthy tissue,
diagnosis of the infecting organisms, and adminis-
tration of intravenous antibiotics.

Goals of Reconstruction

Reconstruction of the abdominal wall depends on
the nature of the tissue loss. The priority in abdom-
inal wall reconstruction is wound coverage or
closure to achieve protection of vital visceral organs,
fascial support, muscular function, and aesthetic
appearance. Attaining all of these goals is frequently
not possible. The timing and priority of the recon-
struction depend on the clinical situation and the
individual patient.

Anatomy

The skin of the abdominal wall is generally quite
lax. This laxity allows undermining to recruit excess
skin and close most defects. Alternatively, the
underlying abdominal wall (fascia and muscle) is a
favorable bed for skin grafting. Varying amounts of
fat are present in the abdominal wall, but the fatty
layer is not usually a significant factor when ab-
dominal wall reconstruction is required, although 
it may become a factor for aesthetic defects.

The fascia of the anterior of the abdomen is the
primary support structure and is complex. The most
superficial fascia is the superficial fascial system
(SFS). First described by Lockwood, the SFS is com-
posed of thin fascial layers between the abdominal
wall fat units. The most discrete layer of the SFS is
Scarpa’s fascia. The SFS provides substantial
support to the abdominal wall and it serves as a
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Figure 1 • Diagram of the layers of the abdominal wall. Inset, Cross section of the abdominal wall.

junctional complex between the musculofascial
layers and the overlying skin.

The musculofascial layers provide the main
support to the anterior of the abdomen. The fascia
that surrounds the external oblique, internal
oblique, and transversus abdominis muscles fuses in
the midline to form the linea alba (Fig. 1).

The rectus abdominis muscles originate on the
pubic crest and insert on the costal cartilage of the
fifth through seventh ribs. The fascia of the exter-
nal oblique muscles is anterior to the rectus mus-
cles. The fascia of the internal oblique muscles 
splits and inserts both anterior and posterior to the
rectus abdominis muscles above the arcuate line.
The arcuate line is located midway between the
umbilicus and the pubis. Below the arcuate line, 
the internal oblique muscle inserts only anterior to 
the rectus abdominis muscle. This arrangement
creates an area of weakness below the arcuate line,
where the posterior support of the abdomen consists
of only the fascia of the transversus abdominis
muscle.

The external oblique, internal oblique, and trans-
versus abdominis muscles are flat, with their fibers
oriented in different directions (see Fig. 1). The
muscles function in a coordinated manner to
increase intraabdominal pressure to allow activities
such as defecation and childbirth.

The rectus abdominis muscles typically have
three tendinous inscriptions. The first is usually

below the umbilicus and is the weakest. The other
two inscriptions are located at equal intervals
between the xyphoid and the umbilicus.

The rectus abdominis muscles provide contrac-
tion to achieve function similar to that of the more
lateral muscles. The rectus abdominis muscles also
serve as vertical pillars of the anterior abdominal
wall to balance the function of the posterior
paraspinous muscles.

Treatment

For traumatic defects, the intraabdominal injuries
are always addressed first and the abdominal wall
is débrided to viable tissue. Primary closure is
attempted when possible. If second-look procedures
are planned, it is beneficial to achieve temporary
closure of not only skin but also fascia. Such closure
prevents contracture of the muscular abdominal
wall and decreases edema of the viscera. Both of
these goals are crucial to future closure. If the fascia
will not close, temporary closure is achieved by any
means possible. Most commonly, it is achieved with
mesh or some other prosthetic material. When the
patient is stabilized, the abdomen is reconstructed
in stages.

When possible, immediate closure of the abdomi-
nal wall is preferred. Primary closure reestablishes
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the normal functions of the abdominal muscles and
in most cases leads to uneventful healing. In cases
of prolonged abdominal surgery, extensive surgery,
or wound inflammation, there may be edema of the
viscera. Primary closure may not be possible because
of the increased volume of the abdominal contents.
Tension in the abdominal closure, as tension in any
closure, often leads acutely to dehiscence or in the
long-term to herniation. In addition, excess tension
may lead to intraabdominal compartment syndrome.

In cases of excess tension, mesh, other prosthetic
material, or cadaver dermis may be used as tempo-
rary or permanent fascial closure. In these cases,
undermining of the skin can recruit the laxity in the
skin and subcutaneous tissue to allow primary skin
closure over the prosthetic fascial closure. If such
closure is not possible, the exposed mesh can be
allowed to granulate and may be skin grafted at a
later time. Alternatively, when the edema of the
bowel subsides, the prosthetic material can be
removed and the abdominal fascia closed.

Prosthetic materials for permanent implantation
should generally be placed on the inner aspect of the
abdominal wall and not on the outer abdominal
wall. Hernia sacs often dissect through the
tissue/prosthetic interface when the prosthetic
material is placed on the outer surface, whereas
when placed on the inner surface, the rate of success
is higher. 

For selection of prosthetic material, several
options are available, each with its advantages and
disadvantages. Marlex mesh is readily incorporated
into surrounding tissue. It handles well and forms
a thick layer of scar that attaches it to the fascial
margins. Because it is well incorporated, it is resis-
tant to infection. However, Marlex can lead to exten-
sive adhesions and promote bowel fistulas and thus
is not the preferred material for direct contact with

the gut. Gore-Tex does not become as well incorpo-
rated, does not form extensive adhesions to the
fascial margins, and is more prone to infection than
Marlex. It has the advantage of less adhesion for-
mation and decreased risk of fistula formation.
Sandwiches of Gore-Tex and Marlex can be made or
layered constructs used. These constructs place the
Gore-Tex layer in contact with the viscera and the
Marlex layer against the fascia. Other materials
such as Vicryl mesh and dermis can also be used.
They are not permanent and are replaced with scar
over time. These materials are extremely useful in
temporary circumstances or to bolster primary
closure, but they are not generally the preferred
method of permanent reconstruction of defects.

In cases in which closure with prosthetic materi-
als is in not indicated, abdominal wall closure is
often possible with repositioning, partition, and sep-
aration of tissues of the abdomen. The two most
common techniques are component separation and
myofascial release, also called fascial partition.

Component separation can be used to close mid-
abdominal defects of up to about 10 cm. The width
of the defect that can be closed with this technique
is less in the upper and lower portions of the
abdomen. In this technique, the rectus abdominis
muscle and fascia are mobilized medially to the
midline. The internal oblique fascia and the trans-
versus abdominis fascia are attached posteriorly,
whereas the external oblique fascia is completely
incised and the muscle separated and allowed to
retract laterally (Fig. 2).

The method of myofascial release or fascial parti-
tion allows more extensive release and can achieve
closure of wounds up to 20 cm in the midabdomen.
As with the component separation method, the
width of defect that can be closed is less in the upper
and lower portions of the abdomen. The procedure

A

B

Figure 2 • Component separation method of abdominal closure. The external oblique muscle is completely incised and mobilized
from the rectus sheath.
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of myofascial release consists of progressive release
of the lateral abdominal wall muscles until closure
is achieved. Usually, skin flaps are elevated and the
external oblique is released laterally, where hernia-
tion or bulging is less likely. If further release is
required, the transversus abdominis muscle may be
released from inside the abdomen (Fig. 3), with the
internal oblique left as the only intact lateral
muscle. If an intraabdominal approach to the lateral
transversus abdominis is not possible, a lateral
release of the internal oblique may be performed.
Not only does muscle release allow medial move-
ment of the rectus abdominis muscles, but the pull
of the lateral abdominal muscles against the closure
is also less and disruption of the wound is less likely.
The vascular and more important nerve supply of
the rectus and oblique muscles traverses between
the internal oblique and the transversalis muscles.
Attempts should be made to preserve the innerva-
tion. Division of the nerves could lead to weakening
of the already tenuous abdominal wall.

Tissue expansion is occasionally indicated in
delayed reconstruction of large abdominal wall
defects. There is no indication for tissue expansion
in the acute setting or with signs of infection. Tissue
expansion is more commonly used in the pediatric
population to close congenital defects in the abdom-
inal wall.

In cases in which a fascial defect is not able to be
closed with prosthetic material, component separa-
tion, or myofascial release, a local or microvascular
free flap may be used. The most common local flaps
are the tensor fascia lata (TFL), rectus femoris, and
rectus abdominis.

The TFL is supplied by the lateral femoral cir-
cumflex vessels. The vessels enter the muscle 10 cm
below the anterior superior iliac spine. This becomes
the pivot point for rotation of the flap. The fascia

may be harvested beyond the end of the muscle to
the level of the knee. The flap will reach up to or just
above the umbilicus for coverage of fascial defects.
As a myocutaneous flap, the skin paddle that is
distal to the end of the muscle is somewhat unreli-
able and may not reach above the umbilicus.

The rectus femoris (RF) is also supplied by the
lateral femoral circumflex vessels. The flap has an
axial blood supply and a better arc of rotation than
a TFL flap does. The rectus femoris flap will reach
the upper part of the abdomen as a myofascial or
myocutaneous flap. The RF contributes to the last
15 to 20 degrees of terminal extension of the knee.
The knee extensor mechanism needs to be repaired
by centralizing the vastus lateralis and medialis
muscles.

The rectus abdominis may be rotated on either
the superior epigastric or deep inferior epigastric
vessels. The deep inferior epigastric vessels are the
primary blood supply to this muscle. The flap is par-
ticularly useful as a vertical rectus abdominis
myocutaneous (VRAM) flap and may reach nearly
the entire surface of the anterior abdominal wall.

Microvascular free flaps are occasionally required
for abdominal wall reconstruction when no other
reconstructive options are available. Omental or
mesenteric vessels may be used for vascular access.
These vessels provide considerable flexibility in flap
inset and positioning. Fascial, muscle, or musculo-
cutaneous flaps may be used, depending on the clin-
ical situation.

Postoperative Care

Patients are placed in a light abdominal binder post-
operatively. This provides comfort, especially with

A

B

Figure 3 • Myofascial release method of abdominal closure. The external oblique muscle is incised. If more advancement is needed,
the transversus abdominis is released. Alternatively, the transversus abdominis is left intact, and the internal oblique is incised 
externally. 
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the necessary pulmonary toilet. Drains are placed
under the skin flaps and removed when output falls
to less than 30 mL/24 hr. Gastric drainage is impor-
tant until the return of bowel function because
increased pressure from abdominal distention can
stress the abdominal repair. The diet is slowly
advanced as tolerated. Antibiotics are used, espe-
cially in repairs with prosthetic materials.

Pulmonary toilet is critical after closure of ab-
dominal defects. The increased abdominal pres-
sure can lead to atelectasis at the lung bases and
predispose to pulmonary infection. The postopera-
tive pain and resulting immobility, along with the
frequently long nature of these procedures, can
increase the risk of deep venous thrombosis.
Patients should always be fitted with compression
boots in the operating room. Early mobilization
should be encouraged. Enoxaparin (Lovenox) should
be considered if early mobilization is not possible.

Pearls and Pitfalls

• The plastic surgeon should be called early for
the treatment of abdominal defects. Closure 
is best achieved in the primary situation even
if it entails unplanned procedures such as
myofascial release or component separation.

Defects are easier to handle acutely than after
contraction of tissues.

• The reconstructive surgeon must know the
anatomy of the abdominal wall and be ready to
provide the wide gamut of appropriate surgical
solutions, from simple skin grafts to complex
free flap reconstructions.

• Primary closure with tension increases the risk
for recurrent herniation.

• Myofascial release is beneficial not only for
closure of defects but also for removal of the
antagonist forces of the external oblique, and
thus it decreases recurrence rates.
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Posterior trunk defects can occur in both pediatric
and adult patients. Although such defects are most
commonly congenital in nature in the pediatric 
population, acquired defects can also occur in
infants and children. In the adult population, almost
all posterior trunk lesions are acquired. This
chapter addresses the posterior trunk defects com-
monly seen in both children and adults, with the
exception of pressure sores and giant congenital
nevi, which are covered in other chapters.

Etiopathogenesis

Congenital Defects

In the pediatric population, midline defects involv-
ing the spine and defects of the lateral aspect of the
trunk are congenital, secondary to tumor extirpa-
tion or trauma (Table 1). In this age group, soft
tissue tumors of the trunk are primarily related to
congenital abnormalities: neural tube anomalies,
teratomas, dermal sinuses, and postanal pits.

Aplasia cutis congenita, or congenital absence of
skin, is a rare entity. It may appear as a congenital
ulcer, and the defect is generally characterized by a
patch devoid of skin or hair. The area is often
covered by a thin, transparent membrane or a
necrotic ulcer. The defect may be small or large,
single or multiple. Although it most commonly
affects the scalp, typically the vertex of the skull, it
can also occur on the trunk and the extremities,
occasionally with lesions on both the ventral and
dorsal aspects of the trunk.

Congenital defects of the chest wall include
Poland’s syndrome and defects of the anterior aspect
of the rib cage. In Poland’s syndrome, portions of the
serratus anterior and other posterior trunk muscles
may be missing, in addition to the pectoral muscles,

thereby leading to a variable degree of scapular
hypoplasia, elevation, and winging. The chest wall
deformities generally cause no major physical dis-
ability, only psychological embarrassment. In most
cases, however, the latissimus dorsi muscle is
normal and provides a reliable method for soft tissue
augmentation of the anterior of the chest.

Neural tube anomalies range from spina bifida
occulta to gross spinal rachischisis with anen-
cephaly, which is incompatible with life. The term
spina bifida refers to a developmental dorsal defect
in the vertebral column through which the contents
of the spinal cord may protrude. Except in its sim-
plest form (spina bifida occulta), the anomaly is
usually grave and associated with paralysis of the
lower limbs and perineal sphincters. Because of
multiple associated developmental abnormalities,
patients with neural tube anomalies have a mortal-
ity rate of over 40% that is attributed to meningitis,
progressive hydrocephalus, or complications related
to paraplegia.

Myelomeningocele refers to all lesions involving
dysplasia of the spinal cord and meninges. The
dorsal part of the cord may herniate into the sac and
give the appearance of a dilated central canal in
cross section; in this case, it is called a syringomye-
locele. Usually, however, multiple cystic spaces 
are present in the dysplastic cord. An unenclosed
neural tube that appears on the surface is termed 
a myelocele.

In meningocele, herniation of the meninges occurs
through a gap between the vertebral arches.
Meningoceles constitute about 14% of all cases of
spina bifida. The lesions manifest as a midline
swelling in the back, commonly in the lumbosacral
region. The defect is usually, but not always,
midline. A meningocele is usually covered com-
pletely with skin; however, the skin cover may be
thin, atrophic, and prone to ulceration and rupture.
A meningocele may also be associated with lipoma-
tous or angiomatous tissue.

Reconstruction of Posterior 
Trunk Defects

SAI S. RAMASASTRY
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Sacrococcygeal teratomas are the most common
congenital tumors of the posterior aspect of the
trunk in the pediatric population, with an incidence
of 1 in 400,000 births. Other tumors include
lipomas, lipoblastomas, and hemangiomas. The
majority of teratomas are benign at birth; however,
the incidence of malignancy increases with age,
reaching a 50% incidence at 2 years. Therefore,
prompt treatment is critical. The tumor is usually
attached to the coccyx, occasionally with extension
into the abdomen. Large tumors may cause diffi-
culty during delivery.

Acquired defects of the posterior trunk in children
are less common than congenital defects. Manage-
ment of these problems in the pediatric population
is similar to that in adult patients.

Acquired Defects in Adults

Acquired defects of the back in adults result from
radiation injury, tumor ablation, or wound dehis-
cence and infection. Acquired defects may be located
from the neck to the sacrum, but they are commonly
seen in the cervicodorsal and sacral regions.

Midline defects of the back secondary to radiation
injury, wound dehiscence with exposure of spinal
stabilization devices, and postoperative wound
infection with dural leakage pose difficult recon-
structive challenges. The combination of previous
neurosurgical procedures and extensive radiation
therapy frequently results in unstable posterior
midline wounds, particularly in the cervical region.
Primary treatment of skin and soft tissue tumors
often requires surgical ablation and adjunctive 

radiation therapy to prevent local recurrence or limb
amputation. Late recurrences may present difficult
wound problems because of radiation damage to the
skin, scarring at the surgical site, or dural injury
from previous resection. Chronic osteomyelitis of the
spine is a rare complication. Aggressive débride-
ment followed by immediate muscle flap coverage in
conjunction with a 6-week course of culture-specific
antibiotic therapy is currently the treatment of
choice.

Flap Considerations

Flaps for Posterior Trunk
Reconstruction

A variety of flaps are available for trunk recon-
struction (Table 2). The three major pairs of poste-

TABLE 1 Major Defects of the Posterior 

Aspect of the Trunk in the Pediatric 

Population

Defects of the integument
Congenital

Aplasia cutis congenita
Giant hairy nevus

Acquired
Skin loss: necrotizing infections or posttraumatic

defects
Defects of the thoracic wall

Congenital
Poland syndrome with absence of the latissimus

dorsi and/or serratus anterior muscles
Acquired

After tumor resection
After trauma
Burns and radiation injury

Defects of the spine and lower part of the back
Congenital

Myelomeningocele
Acquired

Pressure sores
After tumor resection
Burns and radiation injury

TABLE 2 Systematic Regional Approach 

for the Reconstruction of Posterior Trunk

Defects

WOUND LOCATION MUSCLE FLAP

Cervical area Trapezius muscle or 
musculocutaneous flap

Upper thoracic area Trapezius muscle or 
musculocutaneous flap

Latissimus dorsi muscle or 
musculocutaneous flap

Midthoracic area Trapezius muscle or 
musculocutaneous flap

Latissimus dorsi 
musculocutaneous flap

Reverse latissimus dorsi 
muscle flap

Paraspinous turnover flap
Lower thoracic and Latissimus dorsi 

thoracolumbar area musculocutaneous flap
Reverse latissimus dorsi 

muscle flap
Paraspinous turnover flap

Lumbosacral area Reverse latissimus dorsi 
muscle flap

Latissimus dorsi 
musculocutaneous flap

Greater omentum flap
Latissimus dorsi muscle free 

flap (vein graft elongation of 
the pedicle)

Latissimus dorsi muscle free 
flap

Sacral area Gluteus maximus 
musculocutaneous flap

Latissimus dorsi muscle free 
flap with vein graft 
elongation of the pedicle

From Ramasastry SS, Schlechter B, Cohen M: Reconstruction of pos-
terior trunk defects. Clin Plast Surg 22:167-185, 1995.
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rior trunk muscles available for reconstruction of
midline and lateral posterior trunk defects are the
trapezius, latissimus dorsi, and gluteus maximus
(Figs. 1 and 2). Because of their location and exten-
sive arc of rotation, the trapezius and latissimus
dorsi flaps are particularly useful for reconstruction
of trunk defects. All three muscles also have large
cutaneous territories that permit mobilization as
musculocutaneous flaps as well.

TRAPEZIUS FLAP. The trapezius muscle is a flat
muscle of the upper posterior aspect of the trunk
that arises from the superior nuchal line, the exter-
nal occipital protuberance at the nuchal ligament,
the thoracic vertebrae, and the supraspinous liga-
ments (see Fig. 1). It inserts on the lateral third of
the clavicle, the spine of the scapula, and the
acromion.

The muscle is innervated by the spinal accessory
nerve and branches of C3-C4. The trapezius elevates
the shoulder and rotates the scapula. Loss of func-
tion of the entire muscle causes shoulder drooping.
Use of only the middle and lower portion of the
muscle, however, creates minimal functional deficit.
The trapezius muscle is useful for coverage of
defects in the high thoracic and cervical areas.

The blood supply to the trapezius muscle comes
from branches of the transverse cervical artery at
the base of the neck. The ascending branch of the
transverse cervical artery supplies the superior
portion of the muscle, and the descending branch

Figure 1 • Muscle flap availability for reconstruction of cer-
vical, thoracic, and lumbar defects. A, Latissimus dorsi muscle
based on the thoracodorsal vessels. B, Reverse latissimus
dorsi muscle flap based on perforating vessels. C, Trapezius
muscle flap based on the descending branch of the transverse
cervical artery. (From Cohen M [ed]: Mastery of Plastic and
Reconstructive Surgery. Boston, Little, Brown, 1994, p 1251.)

Figure 2 • A, Schematic of the anatomic basis of using bilat-
eral interconnected latissimus dorsi–gluteus maximus muscu-
locutaneous flaps. The latissimus dorsi and gluteus maximus
muscles are shown with the major vascular pedicles: the tho-
racodorsal artery and the superior and inferior gluteal arteries.
(The paravertebral perforating vessels are not shown.) 
B, Cross-sectional schematic showing rich anastomoses
between the latissimus dorsi vessels and the superior gluteal
vessels supplying the lumbar skin maintained by submuscular
dissection without skin undermining. IGA, inferior gluteal
artery; GMM, gluteus maximus muscle; SGA, superior gluteal
artery. (From Ramirez OM, Ramasastry SS, Granick MD, et al:
A new surgical closure of large lumbosacral meningomyelocele
defects. Plast Reconstr Surg 80:804-805, 1987.)
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supplies the inferior portion of the muscle. The infe-
rior portion of the muscle is used for reconstruction
of cervical and upper thoracic defects.

LATISSIMUS DORSI FLAP. The latissimus dorsi 
is a broad flat muscle covering almost half of the 
back. Its extensive origin extends from the lower
thoracic, lumbar, and sacral regions of the spine
through the thoracolumbar fascia to the crest of 
the ilium. It attaches laterally to the intertubercu-
lar groove of the humerus and forms the posterior
axillary fold. The latissimus dorsi is innervated by
the thoracodorsal nerve (C6-C8). The muscle,
although contributing to shoulder adduction, exten-
sion, and medial rotation, is largely expendable.
Even though muscle-sparing techniques have been
described to preserve local mass and function, the
entire muscle is generally used for reconstruction of
the trunk without causing a significant functional
deficit.

The latissimus dorsi has a dual blood supply. The
thoracodorsal artery, the major vascular pedicle,
enters the muscle on the deep surface in the poste-
rior axillary fold, approximately 10 cm from the
muscle insertion. By dividing the broad attachment
to the chest wall, the muscle can be rotated (based
on the major pedicle) to cover the vertebrae from the
lumbar to the cervical region. It provides excellent
blood supply to the overlying skin and adequate
muscle bulk. The extensive arc of rotation of the 
vascular pedicle and the large muscle size make 
the latissimus dorsi flap the workhorse of trunk
reconstruction. The large-diameter thoracodorsal
vessels are also suitable for microvascular tissue
transfer, and the pedicle, if lengthened with a vein
graft, enables the muscle to reach the lumbosacral
area.

In addition to the major pedicle, perforating
branches of the intercostal and lumbar arteries
pierce the latissimus dorsi muscle in a segmental
fashion to supply the posteromedial aspect of the
muscle and the overlying skin. These vessels form
the vascular basis of the transverse lumbosacral
back flap and the “reverse” or medially based mus-
culocutaneous flap. The insertion of the muscle can
be transected from the humerus; the entire muscle
is elevated from the chest wall to the level of the
paraspinous muscles, thus preserving the perforator
blood supply, and transposed to cover defects of the
lumbar and lumbosacral regions. Further modifica-
tions using triangular and rhomboid flap techniques
based on one or two lumbar perforators supplying
the distal latissimus dorsi muscle have been
described both as musculocutaneous and as fascio-
cutaneous flaps.

Previous injury from radiation or surgery or liga-
tion of the thoracodorsal pedicle, as during radical
mastectomy, is not an absolute contraindication to
use of the latissimus dorsi muscle. It has been
shown that after such ligation, the latissimus dorsi
muscle receives its blood supply in a retrograde

manner from the serratus branch of the thoracodor-
sal artery via the intercostal system. As long as col-
lateral flow is left intact, one can safely elevate the
latissimus dorsi muscle in selected patients.

PARASPINOUS FLAP. The paraspinal musculature
lies in the paravertebral gutter and extends from
the thoracic to the lumbosacral region. The muscles,
segmented in nature, arise from the laminae and
transverse processes of the vertebrae and attach to
the posterior aspect of the ribs and the iliac crest.
Their blood supply is segmental and arises from the
perforators extending from the dorsal segmental
branches of the aorta. Thus, these muscles have a
limited arc of rotation. Although the paravertebral
muscles can be mobilized by fracturing the trans-
verse processes and using them as osteomuscular
flaps, this technique is rarely used today. Currently
used modifications include bipedicle or turnover
muscle flaps.

Turnover flaps of the paraspinous muscles 
have been used for thoracic and lumbar wound
closure, but the bipedicle flap design limits flap
excursion and utility. Superiorly based unipedicled
paraspinous muscle flaps can be used for the cover-
age of lumbar wounds. The paraspinous muscles
receive their blood supply from segmental perforat-
ing lumbar vessels; after flap elevation, the distal
parts of the muscle are nourished by longitudinal
intramuscular vessels. It is recommended that the
superiorly based paraspinous muscle flap be mobi-
lized from the thoracolumbar fascia laterally, the
posterior superior iliac crest caudally, and the quad-
ratus lumborum muscle anteriorly. The flaps can be
elevated bilaterally up to T10 and can be transposed
to cover midline lumbar defects.

GLUTEUS MAXIMUS FLAP. The gluteus maximus
has the shape of a parallelogram. Its attachments
include the ilium, sacrum, coccyx, and sacroiliac 
and sacrotuberous ligaments. The muscle attaches
laterally to the greater trochanter of the femur and
the iliotibial tract. The vascular territory of the
gluteus maximus extends from the T12 level inferi-
orly to the distal third of the posterior aspect of the
thigh. The muscle has four vessels that enter its
deep surface. The superior and inferior gluteal
vessels enter approximately 5 cm from the pelvic
origin of the muscle, and the medial circumflex and
first perforating branches of the femoral artery
enter the muscle close to the femoral attachment.
There are extensive anastomoses between the
gluteal system and the lumbar perforators (see 
Fig. 2).

The relatively lateral position and deep location
of the gluteal vessels, in addition to the robust col-
lateral circulation, allows safe use of the gluteus
maximus flap in cases of radiation necrosis in the
sacral area. The muscle is innervated by the inferior
gluteal nerve, which accompanies the inferior
gluteal artery. The neurovascular pedicle should be
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Surgical Goals

Certain general reconstructive principles should be
followed to achieve successful coverage and mini-
mize the incidence of complications and failures:

1 Control of infection with appropriate anti-
biotics

2 Local wound care
3 Extensive débridement of all devitalized soft

tissue, cartilage, and bone
4 Reestablishment or maintenance of skeletal

stability when needed
5 Preservation of neural function
6 Obliteration of dead space with well-vascular-

ized tissue
7 Early definitive coverage of the defect to mini-

mize infectious complications

The choice of flap for reconstruction varies accord-
ing to location, size, and extent of the defect; previ-
ous radiation therapy; previous incisions; tissue
availability; and the surgeon’s preference and 
experience.

If there is no evidence of infection, large defects
of the spine can be stabilized immediately with
autologous bone grafts and hardware. Dural defects
are repaired with dural grafts before soft tissue cov-
erage with muscle flaps is undertaken. Bone grafts
and prosthetic material are contraindicated in the
presence of infection. Flaps can also be mobilized to
reach the intrathoracic cavity to cover the bronchial
stumps for the treatment of empyema and bron-
chopleural fistulas. In contrast to anterior chest
defects, posterolateral chest wall defects do not
require skeletal reconstruction for bone stability
because the scapula and surrounding soft tissue
provide the necessary support.

One-stage reconstruction of congenital and
acquired back wounds requires either one- or two-
layer muscle closure, depending on the size and
depth of the wound. In myelomeningocele patients,
the initial step before flap closure is closure of the
dural defect and débridement of the devitalized
cutaneous margins. In the acquired category,
débridement of scarred, irradiated, and infected
tissue is mandatory. Adequate tumor-free margins
should have been ensured previously either by
frozen section or by permanent section when treat-
ing malignant disease. Traditional wound closure of
back defects by primary closure under tension or the
use of skin grafts or local transposition flaps is quite
often a poor choice because of inadequate blood
supply to the area, especially after irradiation. Skin
grafts are a poor choice if chemotherapy is planned
after extensive soft tissue resection for tumor treat-
ment. Although skin grafts may provide temporary
coverage, the use of immediate flap coverage for

preserved to maintain vascularity and function.
This flap can be used safely in nonparalyzed ambu-
latory patients because structural integrity and
function of the muscle unit are preserved.

Flap design depends on the location and size of
the defect. For large lumbosacral defects, the trian-
gular skin paddle overlying the sacral portion of the
muscle is extended to the lumbar area on the lumbar
fascia. For sacral and coccygeal defects, adjacent tri-
angular skin islands overlying the corresponding
muscles are used. For defects up to 10 cm in diam-
eter, modified sliding flaps can be used successfully
without skin islands and V-Y advancement. The
muscle and the skin are elevated en bloc and
advanced to the midline.

OMENTAL FLAP. The greater omentum is an expan-
sive intraabdominal fibrofatty apron that is
attached to the greater curvature of the stomach
and the transverse colon. It is supplied by the right
and left gastroepiploic vessels, which arise from the
celiac and superior mesenteric vessels. Knowledge
of the vascular anatomy allows the surgeon to selec-
tively divide the vascular arcade and lengthen the
flap for more distant recipient sites. The greater
omentum can be dissected from the transverse
mesocolon and the greater curvature of the stomach
and mobilized as a vascularized flap based on the
right or the left gastroepiploic pedicle, depending on
the location of the defect (Fig. 3). Division of one of
the gastroepiploic vessels is usually the simplest
and most commonly used method of omental elon-
gation. This flap is tunneled retroperitoneally
through a defect in the lumbar fascia/quadratus
lumborum muscle to reach the posterior aspect of
the trunk.

Figure 3 • Elongated omental flap based on the right 
gastroepiploic vessels and the resulting arc of rotation (dashed
lines).
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wound closure permits rapid treatment with adjunc-
tive chemotherapy and radiotherapy if needed.

Treatment

Treatment usually involves surgical correction of
the defect and soft tissue coverage, preferably by a
multidisciplinary team, including a neurosurgeon,
pediatric surgeon, and plastic surgeon.

The treatment of choice for teratomas is operative
removal of the entire mass as soon as possible. The
usual surgical approach is posterior or perineal.
Large intrapelvic or intraabdominal extensions may
require a combined abdominosacral operation. To
minimize recurrence, the coccyx is removed with the
tumor. After the tumor is removed, the levator ani
raphe should be reattached to the sacrum to restore
the levator sling.

Most often the defect of aplasia cutis congenita
manifests as a small ulcer, which will heal sponta-
neously with moist dressing changes and conserva-
tive wound care. If an eschar is present, it is
maintained as a biologic dressing until the defect
heals or surgery is performed. Larger areas are best
managed by débridement and closure by primary
wound approximation, skin grafting, or local skin
flaps for larger defects.

Reconstructive Surgical Procedures 
in Spina Bifida

Surgical closure of open myelomeningoceles
increases the 5-year survival rate from approxi-
mately 10% (untreated) to approximately 50%
(treated). Survivors require management of related
problems such as locomotion, incontinence of urine
and stool, severe spinal deformities, pressure sores,
and neuropathic ulcers of the extremities.

Reconstructive procedures should be tailored to
the defect. Desiccation of the spinal cord should be
prevented as soon as the diagnosis is established to
avoid deterioration in neurologic function. The
exposed cord should be protected and kept moist
with sterile isotonic solution, and the wound should
be closed as soon as possible. In infants with a
simple meningocele and adequate skin cover,
surgery can be deferred until the patient is 3 months
of age.

After the spinal cord is covered with well-vascu-
larized tissue, the hydrocephalus needs to be decom-
pressed either with temporary measures, such as a
ventricular tap, or permanently with a ventricu-
loperitoneal shunt. Although lower limb deformities
such as clubfoot and paralytic dislocation of the hip
are common, every effort should be made to render
the child as ambulatory as possible.

No treatment is required for the bony defect in
spina bifida occulta, but the overlying triangle of
hair-bearing skin may be excised for aesthetic

reasons. If the skin is thin and atrophic or absent,
as in the open variety of spina bifida
(myelomeningocele), the neural defect must be
covered with well-vascularized tissue. In infants
with pronounced kyphosis, it may be necessary to
remove some of the prominent laminae (kyphec-
tomy) with bone-cutting forceps. Such removal helps
to eliminate tension on the soft tissue closure and
minimizes skin breakdown.

Soft tissue coverage is needed as soon as the dura
is covered. The majority of defects are sufficiently
small that they can be closed primarily with simple
undermining of the skin edges to achieve a tension-
free approximation in the midline. However, approx-
imately 25% of defects are sufficiently large that
primary closure cannot be accomplished with simple
skin undermining. Larger myelomeningocele defects
can be difficult to repair and are associated with
wound breakdown and infection. These considera-
tions are important because primary healing has
been shown to be a significant determinant of 
neurologic outcome by preserving functioning neural
tissue and preventing infectious complications.

Various methods are reported in the literature for
the closure of large, open myelomeningocele defects
(Table 3). Closure of myelomeningocele defects with
a split-thickness skin graft is an option. Soon after
the neural repair, a thin skin graft is applied to the

TABLE 3 Documented Methods of Repair 

of Myelomeningocele Defects

Primary closure
Wide undermining with skin advancement
Cutaneous flaps without skin grafting

Limberg flap or flaps
Double rotation
Double transposition

Cutaneous flaps with skin grafting of the donor site
Bipedicle—vertical orientation
Bipedicle—horizontal orientation

Muscle flaps with split-thickness skin grafting of the
primary defect

Latissimus dorsi
Gluteus maximus
Trapezius

Musculocutaneous flaps with split-thickness skin
grafting of the donor defect

Vertical bipedicle latissimus–gluteus maximus
Vertical bipedicle latissimus-gluteus fasciocutaneous
Reversed latissimus island flap

Bilateral sliding muscle flaps
Latissimus dorsi
Latissimus dorsi–gluteus maximus*

Paraspinous osteomuscular flap or flaps
Split-thickness skin graft

*Author’s preferred method.
From Ramasastry SS, Cohen M: Soft tissue closure and plastic surgical

aspects of myelomeningocele defects. Neurosurg Clin N Am 6:280,
1995.)
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neural plaque. Leakage of cerebrospinal fluid (CSF)
requires frequent aspiration to facilitate graft
adherence to the bed. However, a skin-grafted
myelomeningocele is vulnerable to repeated trauma,
functional impairment, or meningitis from CSF
leakage and is therefore not a satisfactory long-term
solution. It is best to use the skin graft as a tempo-
rary biologic dressing and perform a definitive
repair within the first 2 weeks of age and within the
same hospitalization because removal of the skin
graft at a late stage is difficult and attempts at
removal enhance the risk of damaging functional
neural tissue and increasing neurologic impairment.

Several variations of skin flaps have been
described for closure of larger myelomeningocele
defects to avoid wound problems associated with
wide skin undermining and primary closure (Figs. 4
and 5; see also Table 3). Local suprafascial skin flaps
include double transposition flaps, rhomboid flaps,
double Z-plasty technique, bipedicle flaps with
lateral relaxing incisions, and bipedicle lumbosacral
flaps. All of these skin flaps have a random blood
supply and require extensive undermining. Tension
at the suture line, local pressure from underlying
bony prominences, a marginal blood supply, or sub-
clinical infection (or any combination of these prob-
lems) often results in wound breakdown, thus
necessitating coverage with a more reliable flap
reconstruction.

Musculocutaneous flaps have the benefit of trans-
ferring compound tissue with a dependable blood
supply to achieve primary closure of myelomeningo-
cele defects in a safe and reliable manner. The con-
siderable bulk of the muscle flaps helps to obliterate

residual dead space and provides immediate cover-
age. Because of their rich vascular supply, the flaps
enhance wound healing and assist in the elimina-
tion of residual local infection. They provide protec-
tion for underlying vital structures such as the
spinal cord or the lungs, as well as stable coverage
of bone grafts, dural patches, and orthopedic hard-
ware.

The author’s preferred method for closure of large
myelomeningocele defects is en bloc advancement of
bilateral interconnected latissimus dorsi–gluteus
maximus musculocutaneous flaps without lateral
relaxing incisions (Fig. 6). A rich anastomotic plexus
exists between the vasculature of the skin overlying
the gluteus maximus and the latissimus dorsi
muscles. Adequate circulation to the lumbar area
skin between the latissimus dorsi and the gluteus
maximus musculocutaneous territories is main-
tained if dissection of both muscles is performed 
in continuity, even if the paraspinous segmental per-
forators are sacrificed (see Fig. 2). Mobilization of
both musculocutaneous units as one composite unit
out to the midaxillary line achieves three-layer
(muscle, subcutaneous tissue, and skin) coverage
without tension and provides ample soft tissue
padding over the neural repair that is durable with
minimal risk of late skin breakdown. Kyphectomy
can be performed safely to correct the gibbus 
deformity at the time of flap closure. No relaxing
incisions or back cuts are used, and no skin grafts
are needed.

During initial closure of the dural defect, desic-
cation of the cord is avoided by frequent warm saline
irrigation. Undermining of the skin should be

A B

C D

Figure 4 • Overview of surgical techniques for repair of medium to large
myelomeningocele defects. A, Double Z-plasty. B, Limberg type. C, Bilateral
transposition flaps. D, Bipedicle lumbosacral flaps. All are skin flaps with
random blood supply. (From Zide BM: Spina bifida. In McCarthy J (ed): Plastic
Surgery, vol 6. Philadelphia, WB Saunders, 1990, p 3784.)
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avoided and the neural closure should be meticulous
and watertight. After dural repair, flap dissection is
begun by incising the thoracolumbar fascia over the
paraspinous muscles and carrying the dissection
under the latissimus dorsi muscle to its free lateral
border bilaterally. The perforating paravertebral
vessels are cauterized and divided in the process to
achieve adequate medial advancement. The entire
latissimus dorsi muscle is thus based on the thora-
codorsal vessels and nerve, which should be pre-
served. The latissimus dorsi muscle is freed from its
attachment to the external oblique and serratus
posterior muscles by sharp dissection. The gluteus
maximus muscle is detached from the iliac crest and
the sacrum. The dissection is carried in the plane
between the gluteus maximus and medius muscles.
Care is taken to preserve the superior and inferior

gluteal vessels. One should be aware that the 
quadratus lumborum muscle is often poorly devel-
oped in infants, and thus the retroperitoneal struc-
tures, including the ureter, must be safeguarded. No
flank relaxing incisions are used, and the lumbar
area skin between the latissimus dorsi and the
gluteus maximus musculocutaneous units is main-
tained intact. Both flaps meet in the midline with
minimal tension and can be approximated in three
layers. Meticulous hemostasis is mandatory and
drains are unnecessary.

Advantages of this technique include: (1) no
relaxing incisions or back cuts are used; (2) no skin
grafts are needed; (3) the blood supply of the inter-
vening skin between the latissimus dorsi and
gluteus maximus muscles is reliable; (4) inclusion of
the gluteus muscle as a musculocutaneous unit pro-

A

D E

B C

F G H

Figure 5 • Overview of the techniques used for larger myelomeningocele
defects. A, Delayed split-thickness skin graft (STSG) on the dura. B, Partial flap
and STSG on muscle. C, Bilateral muscle advancement and STSG. D, Bipedicle
skin flap. E, Lumbosacral back flap. F, Latissimus myocutaneous (MC) flaps 
with relaxing incisions. G, Latissimus MC flaps without relaxing incisions. H,
Bilateral double MC flaps. (From Zide BM: Spina bifida. In McCarthy J (ed):
Plastic Surgery, vol 6. Philadelphia, WB Saunders, 1990, p 3786.)
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vides significant superomedial advancement,
thereby facilitating closure of large defects of the low
thoracolumbar and lumbosacral areas; (5) transfer
of the gluteus maximus muscle with this design does
not cause functional deficit; and (6) this composite
muscle flap provides satisfactory soft tissue padding
over the neural repair. Theoretical disadvantages
associated with dissection of such an extensive
nature include significant blood loss and prolonged
operative time. The use of electrocautery and metic-
ulous dissection with attention to hemostasis helps
to eliminate any significant blood loss and the need
for blood transfusion. The procedure is well toler-
ated by newborn infants. Dural closure and soft
tissue coverage can be achieved in one stage, within
12 to 24 hours of birth of the infant. Satisfactory
healing can be expected, and no deterioration in
neurologic function is noted after this technique.

Regional Flap Approach to Trunk
Defects

Cervical defects of small to medium size are recon-
structed reliably with a trapezius flap based on the
dominant vascular pedicle, the descending branch of
the transverse cervical artery (see Table 2).

Small upper thoracic defects are reconstructed
with the trapezius flap. Large upper thoracic defects
are reconstructed satisfactorily with the trapezius
flap or the latissimus dorsi flap. If a deep cavity is

present that requires obliteration, the trapezius flap
can be transposed to fill the dead space and the latis-
simus dorsi musculocutaneous flap can be used to
close the superficial aspect of the wound. However,
one muscle flap is usually adequate. Proximally
based flaps on the thoracodorsal pedicle are more
versatile and reliable than the reverse.

Midthoracic defects can be closed with the lower
portion of the trapezius, the latissimus dorsi, or a
reverse latissimus dorsi flap. If closure of a deep
wound is necessary, turnover flaps of the
paraspinous muscle with thoracolumbar fascia are
also used. The flap is designed by incising the
muscle and fascia along their length, approximately
2 to 3 cm from the spinous processes. The muscle
and fascia unit, based on the lumbar perforators, is
turned over and sutured together in the midline to
close the deep wound. The superficial wound is
closed with the latissimus dorsi muscle designed as
an “advancement flap” or as a distally based
“reverse flap.” Lateral relaxing incisions are not gen-
erally necessary to achieve tension-free closure
when advancing the latissimus muscle flap based on
the dominant vascular pedicle.

Thoracolumbar and lumbar defects are recon-
structed with (1) latissimus dorsi musculocutaneous
advancement flaps, (2) a latissimus dorsi musculo-
cutaneous flap with thoracolumbar fasciocutaneous
extension, or (3) composite latissimus dorsi and
gluteus maximus musculocutaneous interconnected

Figure 6 • A, Submuscular dissection of the latissimus dorsi and gluteus maximus myocutaneous units bilaterally. Dotted lines
indicate the area of undermining at the submuscular plane beneath the latissimus dorsi muscle (LDM) and the gluteus maximus
muscle (GMM). B, Schematic showing approximation of the LDM and GMM myocutaneous units in the midline. (For the sake of
clarity, the muscle approximation is shown through a cutaneous window.) No back cuts are made in the skin. (From Ramirez OM,
Ramasastry SS, Granick MD, et al: A new surgical approach to closure of large lumbosacral meningomyelocele defects. Plast
Reconstr Surg 80:804-805, 1987.)
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flaps. The thoracolumbar fascia and paraspinous
turnover flaps are useful in obliterating the residual
dead space. In the thoracic and lumbar regions, the
paraspinous muscles are useful to cover narrow,
deep defects, but they are not sufficiently large to
cover extensive defects. The paravertebral muscles
can be used as turnover flaps or bipedicled flaps to
assist in reconstruction of defects in this area. For
large defects with deep cavities in the thoracic and
lumbar regions, paravertebral turnover flaps help to
fill the deep dead space, and the repair can be rein-
forced with unilateral or bilateral latissimus dorsi
muscle or musculocutaneous flaps to achieve mul-
tilayer, durable coverage. The latissimus dorsi 
musculocutaneous flap with thoracolumbar fascio-
cutaneous extension is based on the thoracodorsal
artery. The cutaneous territory overlying the thora-
columbar fascia represents the random extension.
To elevate the flap, the distal margins of the latis-
simus dorsi muscle need to be freed from the ilium
and the oblique muscles. The lateral donor defect
usually requires a skin graft for closure.

Sacral defects can be covered with either a single
or bilateral gluteus maximus musculocutaneous
flaps. Defects up to 10 cm can be covered with bilat-
eral sliding flaps without resorting to a V-Y tech-
nique for closure. Larger defects, greater than 10 cm,
require V-Y advancement flaps; care should be 
taken to identify and preserve the inferior gluteal
vessels and nerve to maintain hip stability in an
ambulatory patient.

Role of Tissue Expansion

Tissue expansion is an excellent reconstructive
method for the management of superficial defects
such as giant congenital nevi, superficial defects 
secondary to extirpated skin and soft tissue tumors,
and defects after débridement of skin and soft tissue
infections/burn wounds and traumatic scar deformi-
ties in which there is no exposure of vital structures
such as the dura, spinal cord, or neural elements,
especially when immediate soft tissue coverage is
not required. While some have recommended the 
use of tissue expansion for the treatment of
myelomeningocele, this approach is more reasonable
for previously skin-grafted myelomeningocele
defects, providing reliable soft tissue cover in place
of an unstable scar. In the acute management of a
large open myelomeningocele in the newborn, rapid
tissue expansion does not provide reliable, well-
padded, and durable tissue cover. Additionally, a 3-
to 4-week delay associated with traditional tissue
expansion and with the dural repair left exposed or
inadequately covered and the attendant risk of CSF
leakage is not recommended.

Microvascular Free Transfer

Most defects of the posterior of the trunk can be
managed with pedicled muscle flaps. In the case of

irradiation of the spine, extensive trauma, or exten-
sive débridement, however, local pedicle flaps may
not be available. In these unusual cases, recon-
struction with microvascular free tissue transfer
may be necessary (Fig. 7). For example, the latis-
simus dorsi musculocutaneous flap can be used with
staged or immediate extension of the thoracodorsal
pedicle and interposition vein grafts to cover large
defects in the lumbosacral region. When local flaps
are not available, the dorsal branch of the fourth
lumbar artery is a satisfactory recipient vessel for
latissimus dorsi free muscle flap coverage of large
lumbosacral and sacral defects.

Postoperative Care and
Complications

Complications of flap reconstruction include partial
flap loss, persistent dead space from lack of ade-
quate muscle bulk, and persistent infection.
Débridement and readvancement of the flap are ade-
quate in most cases. If there is significant or total
flap loss, however, a second flap reconstruction is
often necessary to obliterate the dead space and
protect vital structures.

Pearls and Pitfalls

• Timely soft tissue closure with well-vascular-
ized tissue, especially when the dura is
exposed, significantly minimizes wound com-

Figure 7 • Sacral defect repaired by one-stage microvascu-
lar transfer of a latissimus flap to the sacrum with vein grafts.
A, The planned operative procedure, a latissimus dorsi myocu-
taneous flap, is outlined. Note the outline of the margin of
débridement of the sacral ulcer. B, Interpositional vein grafts
24 cm in length to extend the flap to the sacral area. (From
Nahai F, Hagerty R: One-stage microvascular transfer of a latis-
simus flap to the sacrum using vein grafts. Plast Reconstr Surg
77:312, 1986.)
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• Adequate flap mobilization to obtain tension-
free closure and judicious use of drains and
postoperative antibiotics are essential.

• Occasionally, microvascular free tissue transfer
may be necessary if local flaps are unavailable.
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plications and prevents deterioration of neuro-
logic function.

• The surgeon must adhere closely to the basic
reconstructive principles of achieving adequate
débridement of all necrotic or devitalized
tissues and tumor-free margins whenever pos-
sible; management of infection with local
wound care and appropriate antibiotic therapy;
and coverage with well-vascularized tissues to
obliterate any residual dead space and to cover
bone grafts, orthopedic hardware, and vital
structures such as the dura and spinal cord.

• Flap selection is of paramount importance for
success, and only muscles with an appropriate
arc of rotation, vascularity (the vascular
pedicle should be outside the field of injury
after irradiation, trauma, or previous operative
procedures), and adequate bulk should be used.



The problem of pressure sores has plagued human-
ity for centuries. Significant advances in surgical
treatment were not made until the middle of the
20th century, when both scar and osseous excision
with flap coverage was described. However, even
now, recognition and treatment of pressure sores
often do not receive appropriate medical attention
or surgical intervention.

Pathogenesis

The most common sites for pressure sores are the
sacral, ischial, and trochanteric areas; other sites
include the occipital, malleolar, and heel areas. The
anatomic distribution depends on patient position-
ing and the associated pressure distribution. Five
percent to 10% of hospitalized patients have a 
preexisting pressure sore, and a new pressure 
sore will develop in nearly 3% during a hospitaliza-
tion. Approximately two thirds of pressure sores
occur in patients older than 70 years. Comorbid con-
ditions include cardiovascular disease, orthopedic
injuries, and neurologic disorders. The growth in the
elderly segment of the population has led to an
increase in the number of pressure sores, along with
an attendant increase in the economic impact
(approximately $3 billion in the U.S. economy
alone).

In chronic care facilities, the incidence of pressure
sores ranges from 5% to 40%. In the acute care
setting, other disease processes may direct attention
away from prevention and diagnosis of pressure
sores. Consequently, these ulcers may occur in 
otherwise ambulatory and sensate patients and
tend to be more severe than those seen in a chronic
care facility. The advent of dedicated rehabilitation
centers specifically geared toward the care of
patients with spinal cord injury has greatly
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improved awareness, prevention, and timely treat-
ment of pressure sores. In general, patients with
pressure sores require significantly more nursing
care, have lengthy hospital stays, and incur higher
hospital charges. Measures to stem the impact of
this disease process rest primarily on increased
awareness and prevention. The impact of this
disease is considerable, as seen by the fact that 8%
of paraplegic patients die as a result of a pressure
sore.

Etiopathogenesis

Pressure

Constant pressure sufficient to impair local blood
flow to soft tissues is the most important determi-
nant leading to the development of pressure sores.
The external pressure must be greater than the
arterial capillary pressure of 32 mm Hg to impair
inflow and must exceed the venous capillary closing
pressure of 12 mm Hg to impair venous return.
Experimental studies in animal models have shown
that constant external pressure for 2 hours produces
irreversible tissue injury. When the tissue was
examined histologically, no change was seen when
pressure was released at 5-minute intervals. 

The supine position produces the greatest pres-
sure on the sacrum, buttocks, heels, and occiput—
ranging from 40 to 60 mm Hg. The sitting position
produces pressure in excess of 75 mm Hg over the
ischial tuberosities. In the prone position, the knees
and chest are exposed to approximately 50 mm Hg.
These variables are extremely important to keep in
mind when planning surgical positioning for long
surgical procedures.

Epidermal cells are able to withstand the absence
of oxygen longer than the more metabolically active
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myocytes. Pathologic analysis reveals that muscle is
more sensitive to ischemia than are skin and sub-
cutaneous tissues. Although early damage can be
observed in the dermal layer and subcutaneous
adipose tissue, the epidermis does not show signs of
necrosis until late. Some of the first pathologic
changes include dilation of capillaries and venules,
as well as separation of endothelial cells. Muscle
overlying a bony prominence is the most susceptible
to ischemia. This concept is important—when skin
changes are seen, there must be damage to the
underlying muscle.

Infection

Bacterial contamination from inadequate local skin
care (urinary/fecal incontinence) can delay wound
healing and extend the zone of tissue necrosis. In
addition, bacterial infections have an associated 
collagenolytic process that contributes to the 
accelerated rate of tissue necrosis. Compressed skin
consequently has decreased resistance to bacterial
invasion. Causes for this decreased resistance prob-
ably include diminished lymphatic drainage, dener-
vation, ischemia, poor vascular recruitment, and
impaired immune function.

Shearing Forces

Shearing forces can significantly increase tissue
ischemia. When a patient is moved or repositioned
in bed, the area of body that is in contact with the
bed is subject to shearing forces. While the skin and
subcutaneous tissues adhere to the bed sheets, the
underlying fascia, muscle, and bone are pulled in 
the direction of the force applied. The subsequent
stretching and compression of the muscle and per-
forating vessels to the skin can result in ischemic
necrosis in compromised anatomic sites.

Edema

Preexisting edema, whether from hypoproteinemia,
cardiac failure, hepatic dysfunction, or a septic
state, plays a significant role in the infectious
process. When a compressive force in excess of 
capillary pressure (12 mm Hg) is applied to the skin,
the venules become engorged, and as a result of
outflow obstruction, total tissue pressure increases.
Consequently, arterial pressure increases to main-
tain perfusion, and eventually extravasation occurs
and leads to edema in the surrounding tissues. If the
local tissues are denervated (e.g., paraplegia), sym-
pathetic tone is lost and the resultant vasodilation
increases edema and vascular stasis.

Loss of the lymphatic pump (a skeletal muscle
function) in paraplegic/quadriplegic patients con-
tributes to lymphatic edema. Local mediators may
also be responsible for edema formation inasmuch
as various inflammatory mediators are released in
response to the trauma of compression. The normal

homeostatic balance among various prostaglandins
is altered, and this imbalance results in increased
leakage of fluid through cell gap junctions and accu-
mulation of interstitial fluid.

Pathologic Anatomy

Stage 1 pressure sores are characterized only by per-
sistent skin erythema. The process of ulceration is
completely reversed by removal of pressure because
there is no evidence of skin breakdown. Stage 2 pres-
sure sores are accompanied by skin breakdown and
ulceration of subcutaneous fat. The ulcers often heal
with avoidance of pressure and adequate wound
care. They are, however, prone to infection, a vari-
able that increases tissue necrosis and extends the
sore to a deeper level. Stage 3 sores have ulceration
to the level of muscle. Stage 4 ulcers are character-
ized by breakdown to the underlying bony promi-
nence. Osteomyelitis with chronic bone exposure is
invariably present.

After pressure sores have progressed from the
acute phase to involve deeper structures, there 
is destruction of skin, subcutaneous tissue, fat,
muscle, and even bone. Osteitis or osteomyelitis 
may exist, and pathologic fractures along with
extraosseous calcifications (myositis ossificans) are
not uncommon. The actual extent of bone involve-
ment is frequently determined only during operative
débridement. Soft tissue infection may be seen in
patients with inadequate urinary or fecal diversion
when the pressure sore is exposed to these body
fluids. Infections may be polymicrobial; among the
more common bacteria are staphylococci, strepto-
cocci, Pseudomonas aeruginosa, Proteus mirabilis,
and Escherichia coli.

Pressure sores that are long-standing and have
gone through periods of healing and recurrence have
marginal scar epithelium. Granulation tissue may
be pale because of thrombosed vessels, a byproduct
of chronic inflammation. The infectious process may
also result in the formation of sinus tracts, which
may readily enter bursal cavities and lead to septic
arthritis or joint destruction.

The pathologic process of early pressure sores can
often be reversed with simple, conservative mea-
sures—relief of pressure and enhanced oxygen 
delivery. After skin has broken down over a bony
prominence, widespread tissue destruction is invari-
ably present in deeper tissue planes, and definitive
treatment mandates surgical débridement with
reconstruction as indicated.

Diagnostic Studies

Pressure sores are best evaluated by history and
physical examination. Active infection is suspected
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in the presence of wound edge cellulitis, purulent
discharge, and a foul odor. Quantitative wound
culture confirms infection if the bacterial count is
greater than 106 organisms per gram of tissue.
Osteomyelitis is best evaluated by bone biopsy. 
Generally, if bone is palpable, infection is present. If
evidence of clinically significant osteomyelitis is
noted, long-term intravenous antibiotics alone
should not be the planned therapy and should not
be considered a substitute for complete wound
débridement. Magnetic resonance imaging (MRI)
can be a useful, noninvasive tool for the diagnosis of
osteomyelitis. It is, however, expensive and rarely
provides more information than physical examina-
tion alone.

Reconstructive Goals

The goals for the treatment of pressure sores can be
summarized as follows:

1 Reversal of the pattern of pressure
2 Treatment of associated conditions (mal-

nutrition, spasticity, contracture, anemia,
incontinence)

3 Débridement of necrotic tissue
4 Treatment of infection
5 Closure of the wound

Treatment

Nonsurgical Treatment

ASSESSMENT AND TREATMENT OF ASSOCIATED
CONDITIONS. Adequate nutrition must be
achieved in all patients with pressure ulcers.
Albumin (half-life of 21 days), prealbumin (half-life
of 2 days), and retinol binding protein (half-life of 11
hours) are indicators of malnutrition and should be
measured in patients with pressure sores. Complete
nutritional support, including replacement of vita-
mins, minerals, and trace elements, is necessary for
normal wound healing. Oral supplements, tube
feeding, or total parenteral nutrition may be neces-
sary to meet nutritional needs. Furthermore,
patients frequently have anemia of chronic disease,
which should also be addressed.

Spasticity is common in patients with spinal cord
injuries. Medical treatment of muscular spasm
should to be instituted early in management. Drugs
such as baclofen, diazepam, and dantrolene have
proven efficacy in controlling muscle spasms. Sur-
gical treatment of spasm includes nerve blocks,
epidural stimulators, rhizotomy, and administration
of baclofen by continuous infusion pumps.

Long-standing contracture in patients with de-
nervation is frequently encountered and should be

addressed. A physical rehabilitation program is the
first step in reversing the contracture. In patients
who fail this approach, surgical release is indicated.
Tenotomy, bony resection, or closed release is per-
formed, depending on the severity. Without relief of
the contracture, the pressure sore will invariably
recur because the pressure pattern has not been
changed.

Only after these goals have been sufficiently met
can an open wound heal by secondary intention.
After all necrotic material has been removed by
débridement, diligent dressing changes can remove
minimal residual necrotic tissue. Dakin’s solution
(short duration with gross contamination), normal
saline, or other wound care agents may be used
during dressing changes. Silver sulfadiazine (Sil-
vadene) may be used after the wound is grossly
clean because it further reduces the bacterial
burden. Another modality that has provided suc-
cessful treatment and closure of the wounds has
been negative pressure dressing therapy. Applica-
tion of the dressings, however, follows the same
rules as that of any of the other type of dressings
mentioned earlier, and frequent monitoring is
required.

Most importantly, pressure on the skin can be
reduced by regularly turning the patient in bed
every 2 hours or by the use of air or pressure-
reducing mattresses (Clinitron bed). If patients 
are in the sitting position for most of the day, 
their weight should be shifted several times every
hour.

Surgical Treatment

Surgical treatment of pressure sores requires (1)
excision of the ulcer, associated bursa, and necrotic
tissue; (2) partial/complete ostectomy to reduce the
bony prominence and remove infected bone; and 
(3) wound closure with healthy, well-vascularized
tissue that is of adequate bulk to provide sufficient
padding over the residual bony skeleton.

SOFT TISSUE DÉBRIDEMENT AND OSTECTOMY.
Although some form of temporizing débridement
may be accomplished at the bedside, it is preferable
to débride pressure sores in the operating room
because optimal anesthesia, patient positioning,
and hemostasis can be achieved. The ulcer edges
should be excised. Methylene blue can be used to
stain the bursa to define its boundaries. After
removing the bursa cavity in its entirety, a pulsed
irrigation system can be used to reduce the bacter-
ial load.

Removal of the bony prominence is an essential
part of the surgical treatment. Infected bone, deter-
mined intraoperatively, should be removed from the
ulcer base; excessively aggressive débridement of
bone should be avoided because it can often lead to
bleeding, structural support problems, creation of
unnecessary dead space, and redistribution of 
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pressure to adjacent areas postoperatively. If one-
stage reconstruction is not indicated, a sterile moist-
to-dry dressing can be packed in the open wound at
the conclusion of the operative débridement.

PRESSURE SORE CLOSURE. Selection of a local
flap for closure of a pressure sore depends on the site
of the sore. Various options exist for each type of
pressure sore. The following sections outline the flap
of choice for sacral, ischial, and trochanteric pres-
sure sores. It is not a strict or comprehensive set of
guidelines as many variables affect the decision-
making process.

Sacrum. Sacral pressure sores occur most com-
monly in patients who are in the supine position.
Although these wounds may be closed primarily (if
small) or skin grafted, both of these approaches
result in unacceptably high rates of recurrence. The
gluteus maximus myocutaneous flap is the best
option for closure of these wounds. It has the advan-
tage of being a sensate flap with a type III blood
supply that can survive with either one of its two
dominant pedicles and thus provides versatile cov-
erage in this area (Fig. 1).

Design of the flap should take into account the
ulcer size, history of previous surgery, and the
ambulatory status of the patient. It is prudent to
elevate a larger flap (by several centimeters) than
anticipated. The flap can be based on either the
superior or inferior gluteal artery and on part of or
the entire ipsilateral gluteus maximus. In select sit-
uations, bilateral gluteus maximus muscles can be
used. The flap can be rotated, advanced, or turned
over to fill the sacral defect. Sufficient muscle should
be mobilized to allow tension-free closure. In general,
it is best to preserve both vascular supplies to max-
imize the volume of tissue survival and to maintain
options if a secondary readvancement procedure is
required. Maintenance of both vascular supplies is
usually possible, but not absolutely critical, and the
muscle is generally able to be advanced to the
periphery of the defect from the contralateral side.

Anatomic landmarks routinely marked before
incision include the posterior superior iliac spine,
ischium, and greater trochanter. The superior
gluteal artery can usually be identified a third of the
distance from the posterior iliac spine to the greater
trochanter. The inferior gluteal artery can be found
approximately halfway between the posterior iliac
spine and the ischial tuberosity.

The gluteus maximus muscle is mobilized by
dividing the superomedial portion of the muscle at
its sacral origin and controlling the multiple vascu-
lar perforators at this level. The muscle is elevated
in an avascular plane above the gluteus medius
muscle and the dissection continued inferiorly to the
level at which the superior gluteal vasculature exits
above the piriformis muscle. This is also the point
of rotation for the muscle. The insertion of the
muscle to the iliotibial tract should be divided to

permit tension-free rotation into the defect. The
remainder of the muscle rotation technique, includ-
ing additional dissection from its origin or insertion,
should be tailored to the defect and extended as
much as needed to cover the defect with muscle in
a tension-free fashion. The inferior portion of the
muscle can be elevated to allow for easier rotation.
Care should be taken to maintain attachment of the
overlying fasciocutaneous portion to the underlying
muscle. In general, the inferior half of the gluteus
maximus muscle can be left intact (the portion that
sits inferior to the piriformis muscle and usually
inferior to the ulcer itself); however, if needed, ele-
vation of the muscle can also be incorporated within
the rotation flap to cover large defects. The inferior
gluteal vasculature can provide additional vascular
supply to the flap and, in some cases, even the entire
supply.

Identification of the piriformis muscle is critical
during the dissection because it is the key landmark
for the superior and inferior gluteal vessels, as well
as the sciatic nerve. Although these structures do
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Superior gluteal
artery
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Figure 1 • A–C, The gluteus maximus myocutaneous flap
(see text for details).
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not need to be visualized after the piriformis is iden-
tified, the flap is mobilized appropriately to allow for
proper rotation to fill the base of the defect with
muscle. A back-cut of the same dimension as the
width of the defect is generally necessary to make
rotation easier and permit tension-free cutaneous
closure. Division of both the origin and insertion 
of the gluteus maximus should be avoided in 
ambulatory patients because of the potential for hip
instability.

Ischium. The most common location for pressure
sores in paraplegic patients is the ischium. When
débriding the ulcer, it is important to avoid overly
aggressive resection of the ischial tuberosity
because such resection will increase pressure on the
contralateral tuberosity; bilateral débridement will
shift pressure to the perineum. These pitfalls con-
tribute to the high rate of recurrence after treatment

of ischial pressure sores. The gluteal thigh fasciocu-
taneous flap is the first choice for reconstruction
because it leaves the gluteus maximus for possible
future use and provides a large volume of tissue for
wound closure.

The posterior thigh flap (or gluteal thigh rotation
flap) is a hearty fasciocutaneous flap (Fig. 2). It 
provides excellent sensation over critical areas with
minimal donor site morbidity. The flap is based 
on the inferior gluteal artery, with the central axis
of the flap located between the ischial tuberosity and
the greater trochanter. To allow the donor site to be
closed primarily, flap width should be less than 10
to 12 cm. Its length may be up to 32 to 34 cm. The
descending branch of the inferior gluteal artery
allows the flap to be extended inferiorly toward the
popliteal fossa; the entire posterior aspect of the
thigh may be raised from the iliotibial tract to 
the intermuscular septum. The full range of flap
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Figure 2 • A–D, The posterior thigh flap or gluteal thigh rotation flap.
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mobility includes the sacrum and anterior superior
iliac spine superiorly, the pubis, and the greater
trochanter.

The plane for elevation of the flap is entered by
identifying the posterior femoral cutaneous nerve
and the inferior gluteal vessels. Dissection contin-
ues proximally until the inferior border of the
gluteus maximus muscle is reached, at which point
its attachments to the iliotibial tract, intermuscular
septum, and femur are divided. After mobilization,
the flap can be rotated to fill the defect or used as
an island flap. Minimal treatment of the expected
dog-ear is performed so that the vascular supply is
not compromised. Skin grafts can be used to close
the donor site if it cannot be closed primarily. For
ischial wounds, the distal portion of the flap can be
deepithelialized and buried beyond the defect to
prevent marginal breakdown.

Trochanter. Trochanteric pressure sores are less
common and generally have minimal skin involve-
ment but extensive bursa formation. Because of the
mobility of the greater trochanter and femur, exten-
sive undermining of the soft tissues occurs. Com-
plete excision of the greater trochanter (Girdlestone
procedure) is usually necessary to prevent 
recurrence.

The tensor fascia lata (TFL) is the flap of 
choice for reconstructing trochanteric defects (Fig.
3). The gluteal thigh fasciocutaneous flap can 
also be used for smaller defects. The TFL flap is 
a myocutaneous flap based on the lateral femoral
vascular pedicle (type I flap). The muscle origi-
nates on the anterior superior iliac spine and inserts
onto the iliotibial tract; it measures 10 to 12 cm 
long, 2 to 3 cm wide, and 1 to 2 cm thick. The skin
paddle that is harvested with the flap is 10 cm 
wide and may be up to 30 cm in length. The inferior
limit of the skin flap is approximately 6 cm above
the knee. The TFL flap can be raised as a sensate
flap because it receives sensory innervation from the
second and third lumbar nerves via the lateral
femoral cutaneous nerve, as well as a lateral branch
of T12.

The lateral femoral circumflex artery is located
approximately 7 to 9 cm below the anterior superior
iliac spine. The anterior border of the flap is marked
by a line connecting the anterior superior iliac spine
to the lateral condyle of the tibia. The greater
trochanter of the femur is generally the posterior
landmark. The subsequent posterior arc of rotation
allows for reliable coverage of trochanteric as well
as ischial pressure sores.

Flap dissection is carried out after the skin
paddle is designed to reach and cover the defect. The
flap is divided distally (through the thin fascia lata).
It is elevated in a distal-to-proximal direction deep
to the fascia lata (which overlies the vastus later-
alis). Enough of the flap is elevated in this plane to
cover the defect without tension. Identification and
visualization of the vasculature are not necessary,

and elevation of the flap should be tailored to limit
vascular exposure and maximize coverage of the
defect.

Modifications of the TFL as a V-Y flap, a bipedi-
cle flap, and a sensory flap have been described. The
advancement flap variations do not provide the
large amount of bulk that is sometimes required to
fill defects. In addition, the vastus lateralis (noted
earlier) may be used in conjunction with the TFL
flap when the soft tissue defect is considerable. The
TFL flap may also be used in the treatment of ischial
sores (see Fig. 3C and D).

Postoperative Care

Postoperative care is important for successful sur-
gical treatment of pressure sores. There should be
nearly total relief of pressure at the surgical site.
Appropriate positioning in a cushioned bed (air mat-
tress) is essential, as is avoidance of shearing forces
during patient repositioning. Patients are main-
tained on bedrest for 2 to 3 weeks postoperatively,
after which physical therapy with range-of-motion
exercises is initiated. Fecal and urinary diversion is
necessary to prevent infection in the postoperative
period. This can be accomplished with rectal bags
and condom catheters. Surgical diversion is rarely
required.

Nutritional support continues, and drains are
kept in place for an extended period to reduce the
incidence of seroma and hematoma formation and to
eliminate dead space, often as long as the patient is
kept on bedrest. The initial postoperative dressing
is maintained for the first 3 to 5 days. In cases in
which fecal contamination is likely, a nonpermeable
dressing is preferred. This barrier must be main-
tained until the wound margins are appropriately
sealed/epithelialized to avoid bacterial contamina-
tion, which may cause wound dehiscence, infection,
or flap loss.

Pearls and Pitfalls

• There is no life-threatening condition associ-
ated with a clean, open pressure sore. Patients
who are poor candidates should not undergo
flap procedures because the chance for long-
term success is minimal.

• Flap coverage should be performed only on
fully débrided wounds. Single-stage “débride-
ment and coverage” procedures should be
avoided.

• Postoperative pressure management is critical
to prevent flap loss or recurrence as a result of
continued pressure-induced ischemia.



Pressure Sores —— 389

T
h

e B
reast an

d
 Tru

n
k, R

eco
n

stru
ctio

n

SUGGESTED READINGS

Bruck JC, Buttemeyer R, Grabosch A, Gruhl L: More arguments
in favor of myocutaneous flaps for the treatment of pelvic pres-
sure sores. Ann Plast Surg 26:85-88, 1991.

Daniel RK, Faibisoff B: Muscle coverage of pressure points—the
role of myocutaneous flaps. Ann Plast Surg 8:446-452, 1982.

Gusenoff JA, Redett RJ, Nahabedian MY: Outcomes for surgical
coverage of pressure sores in nonambulatory, nonparaplegic,
elderly patients. Ann Plast Surg 48:633-640, 2002.

Mancoll J, Phillips L: Pressure sores. In Achauer BM, Eriksson
E, Vander Kolk C, et al (eds): Plastic Surgery: Indications,
Operations, and Outcomes. St. Louis, CV Mosby, 2000, pp 
447-462.

Nahai F: The tensor fascia lata musculocutaneous flap. Ann Plast
Surg 6:788, 1979.

Ischial
wound

Tensor fascia lata muscle

Anterior superior
iliac spine

Lateral
circumflex
femoral artery

8-10 cm
pivot point

 

Iliotibial tract

C D

Tensor fascia lata muscle

Anterior superior
iliac spine

Lateral circumflex
femoral artery

Trochanteric
wound
Femur

Iliotibial tract

A B

Figure 3 • A and B, The tensor fascia lata (TFL) is the flap of choice in reconstructing trochanteric defects. C and D, The
TFL flap may also be used to treat ischial wounds.





Over the past 10 years, following the Food and Drug
Administration’s restrictions on the use of silicone
gel–filled breast implants, there have been improve-
ments in breast implant design. Low-bleed silicone
elastomer shells, implant shell surface texturing,
and more durable, thicker materials have led to
devices with a lower risk of capsular contracture 
and probably greater longevity. These developments
have allowed a shift in the focus of breast augmen-
tation away from avoidance of capsular contracture
toward improvements in surgical technique and 
aesthetic outcome. Total muscle coverage had been
recommended to reduce implant palpability and
decrease the incidence of capsular contracture.
However, such coverage was accomplished at the
expense of optimal lower pole shape and inframam-
mary fold definition. As a result, either late superior
migration of the implants or pseudoptosis developed
in a significant number of patients because of the
gravitational effects on the breast tissue, in contrast
to an implant that remains in a more cephalic posi-
tion because of support from the inferior muscle
attachments. The development of newer devices has
permitted use of the partly subpectoral plane or
“dual-plane” approach, which has become popular
and has proved to provide a low rate of contracture,
less implant distortion with muscle activity, satis-
factory mammographic evaluation, and a more
attractive inferior breast contour.

The choice of access incision is an additional deci-
sion. The periareolar approach has certain advan-
tages over the inframammary, transaxillary, and
transumbilical methods. It provides a central point
of access to both the subglandular and subpectoral
planes, as well as all quadrants of the breast. It
allows for a variety of different types of mastopexy
either simultaneously or later; in addition, it
permits manipulation of breast parenchyma, such
as radial incisions that may be required for a tuber-
ous breast deformity. Various implant sizes, shapes,
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and types work well with the periareolar approach,
even with the smallest areola. The periareolar
approach is particularly helpful in patients with a
high inframammary fold in whom lowering of the
fold makes positioning of an inframammary incision
imprecise because of the slight variability in the
location of the new fold. Finally, the resultant scar
with a periareolar incision is usually inconspicuous.

Etiopathogenesis

Patients seek breast augmentation for various
pathologies. Many have minimal breast tissue
because of simple hypoplastic development. Other
patients have postpartum atrophy as a result of
involutional changes in the breast after pregnancy
or nursing, and these women often require an
increase in volume as well as correction of ptosis.
Some patients have congenital deformities and
asymmetries characterized by tuberous breast
deformity, Poland’s syndrome, or chest wall abnor-
malities such as pectus excavatum or carinatum.

Pathologic Anatomy

A comprehensive preoperative evaluation is impor-
tant to obtain satisfactory results. Breast size is
commonly graded by bra and cup size, which 
is however highly variable from manufacturer to
manufacturer. In addition, the individual patient’s
perception is a critical factor. An approximately 100-cc
increase in volume is equivalent to an increase of
one cup size.

Dimensional planning is helpful even when using
round implants. Critical measurements include the
nipple-to-fold distance, base width of the existing
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breast, intermammary distance, desired breast
width, desired intermammary distance, breast soft
tissue envelope compliance, upper and lower breast
soft tissue thickness, nipple ptosis, and amount of
glandular ptosis below the inframammary fold.
Patients with up to a grade I ptosis can usually be
augmented with acceptable aesthetic results by
placement of an implant alone. However, with
greater degrees of nipple and glandular ptosis, it is
less likely that an implant alone will be satisfactory.

Although not covered in this chapter, breast
asymmetry and chest wall deformity (noted earlier)
can be approached by choosing from the vast array
of implant sizes and shapes either to increase tissue
volume or to mask a contour deformity.

Diagnostic Studies

A preoperative mammogram is an appropriate study
in accordance with the clinical guidelines of breast
cancer screening established by the American
Cancer Society. A follow-up mammogram approxi-
mately 6 months after surgery is advisable to obtain
a new baseline.

Goals of Reconstruction

The goal of breast augmentation is to achieve an
improved, fuller breast contour while producing a
more harmonious balance between the breast, chest
wall, and overall stature of the patient.

Treatment

The patient is marked in the preoperative holding
area in the sitting or standing position with the
arms symmetrically resting on the thighs or at the
sides. The chest midline and inframammary folds
are marked. Additional markings are made for any
alterations to lower the fold or correct an asymme-
try. The procedure can be performed under local
anesthesia with sedation (with or without inter-
costal blocks) or under general anesthesia, depend-
ing on patient preference. The patient is positioned
in the akimbo position with special attention paid to
proper padding of the elbows, wrists, and intra-
venous sites.

In the operating room, before infiltration of local
anesthetic solution, the periareolar incision is
marked precisely at the inferior areolar/mammary
skin border centered at the 6-o’clock position. If the
incision is not made perfectly at the areola-skin junc-
tion, visibility of the scar is dramatically increased.
The skin incision is made through the dermis with
a scalpel, and electrocautery is used to incise the

underlying tissue (Fig. 1). The dissection continues
in a gland-splitting plane with beveling away from
the nipple down to the underlying pectoralis muscle
fascia. This technique leaves adequate breast tissue
superiorly and inferiorly to facilitate closure. When
the pectoralis fascia is reached, the dissection pro-
ceeds in a subglandular plane downward to the
inframammary fold and upward to the level of the
inferior border of the areola. In patients with more
breast soft tissue leading to ptosis, the subglandular
dissection may continue as high as the level of the
superior border of the areola. If minimal ptosis is
present, as in a juvenile breast, the subglandular
dissection can be less extensive and consists of only
the lower few centimeters. The dissection creates 
a standard subglandular pocket inferiorly while
exposing the inferior edge of the pectoralis major
muscle (Fig. 2). Allis clamps are used to retract the
muscle, which is then dissected along its inferior
border (Fig. 3). After the loose areolar plane deep to
the muscle is entered, the superior pocket is created
by using a combination of mostly cautery and
minimal blunt dissection with urethral dilators
under the pectoralis major muscle and above the
pectoralis minor and serratus muscles (Fig. 4). The
lateral and superior portions of the dissection should
be precise and proportional to the size of the implant
to avoid lateral migration of the latter. The lateral

Figure 1 • After the skin incision, dissection proceeds with
electrocautery in a breast-splitting plane. Careful attention 
is directed to preservation of adequate tissue superiorly and
inferiorly.
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and superior portions are also the areas most likely
to encounter bleeding and are most at risk for nerve
injury. The medial inferior edge of the pectoralis
muscle origin should be released to avoid a step off

deformity between the subglandular and subpec-
toral pockets (Fig. 5). The pockets are irrigated with
antibiotic solution and hemostasis is achieved. The
“dual-plane” pocket allows for implant placement

Figure 2 • After the pectoralis fascia is reached and the infe-
rior border of the pectoralis muscle identified, subglandular dis-
section is undertaken inferiorly. Depending on the amount of
ptosis and preexisting breast tissue, the subglandular dissec-
tion is continued superiorly over the free border of the pec-
toralis major muscle, either a few centimeters or occasionally
as far as the superior border of the areola in more ptotic
patients.

Figure 3 • The inferior border of the pectoralis major is
grasped with Allis clamps and elevated. The muscle is incised
in the direction of its fibers to allow access into the areolar
plane. The dissection is continued subpectorally.

Figure 4 • The most superior portion of the subpectoral dis-
section can be completed by passing a blunt urethral dilator
through the areolar tissue.

Figure 5 • The medial inferior attachments of the pectoralis
major are released to prevent a step off deformity between the
subpectoral and subglandular dissections.
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and soft tissue redraping to create a more aesthetic
lower pole contour and to avoid a “double-bubble”
deformity.

The implant is placed in the pocket and, in the
case of saline devices, filled to the appropriate
volume. The patient is seated upright on the oper-
ating room table and the breasts are assessed for
symmetry with respect to size, contour, position of
the implant, inframammary fold, and nipple height.
If asymmetry is observed, the implants can be left
in position and a finger or a blunt urethral dilator
used to make pocket and fold adjustments.

Closure begins with three or more interrupted
sutures to reapproximate the split breast tissue over
the lower pole of the implant. The skin edges are
scrutinized and, if significantly traumatized, are
trimmed. Although up to 2 or 3 mm of breast skin
is routinely resected, the areola is always conserved.
The skin is approximated with interrupted intra-
dermal sutures, followed by running intradermal
closure.

Postoperative Care

After completion of the procedure, the patient is
placed in a bra. In patients receiving shaped
implants, a small binder is placed across the supe-
rior pole of the breasts to discourage implant rota-
tion. Bras and binders are worn continuously for 2
weeks. Strenuous activity is discouraged for 2
weeks; however, most patients return to normal
activities in a day or two. During the first postoper-
ative visit at 7 days, patients are instructed in
massage techniques to help prevent capsule forma-
tion. Gentle massage is prescribed for shaped, tex-
tured implants and more vigorous massage with
displacement exercises for round, smooth implants.

Pearls and Pitfalls

• The periareolar approach to “dual-plane” aug-
mentation produces an attractive breast shape
in both the short and long term. 

• The most significant drawback of dual-plane
augmentation is that it leaves less soft tissue
coverage along the inferior pole of the implant,
thus increasing the likelihood of lower pole vis-
ibility, palpability, rippling, and bottoming out,
particularly with saline implants. 

• Patients must be warned that the periareolar
approach may have an increased risk of loss of
nipple sensibility and lactation ability. 

• Avoid excessive superolateral dissection.
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Women may seek assistance from plastic surgeons
for a variety of concerns about their breast implants.
With the large number of breast implants, it is
expected that some patients will have problems 
that require implant removal, whereas others may
simply request removal out of their own concerns or
desires. Although certain risks are associated with
breast implants, one can conclude, after a number
of studies, that breast implants do not cause breast
cancer or collagen vascular disorders and that
rupture of silicone gel implants does not lead to any
systemic consequences. Nonetheless, severe capsu-
lar contracture can cause breast and shoulder pain,
sleepless nights, and a myofascial type of traction
pain around the shoulder girdle. Periprosthetic
infections are rare, but are more commonly of the
acute pyogenic type. However, more indolent infec-
tions can be caused by fungi and atypical mycobac-
teria. Infections can cause both systemic and local
symptoms. In addition, breast implant shadows may
conceal breast cancer despite special mammo-
graphic views (i.e., Eklund views).

The purpose of this chapter is to review the man-
agement of local breast implant complications,
including periprosthetic infections, implant rupture,
and capsular contracture. In general, these compli-
cations are treated by implant removal and, occa-
sionally, reconstruction (either with another implant
or with autogenous tissue). Reconstruction can be
performed immediately or in delayed fashion; alter-
natively, it can consist of mastopexy alone. This
chapter presents a rational approach to best manage
the patients appropriately.

Etiopathogenesis

Implant Rupture

The incidence of saline-filled implant rupture has
not been fully evaluated, whereas that of silicone
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gel–filled implant rupture appears to be related to
the duration of implant placement. The overall
rupture rate of silicone gel implants is approxi-
mately 30%, and there is a clear correlation with
duration after implantation. The median life span of
silicone gel implants from a meta-analysis of more
than 1099 implants in several studies was 16.4
years. Of these implants, 79% were intact after 10
years, but only 49% were intact by 15 years (Fig. 1).
Neither anatomic placement of breast implants
(prepectoral or subpectoral) nor the reason for
implantation (reconstruction or cosmetic augmenta-
tion) appear to be related to implant rupture. There
is a significant negative correlation between the
duration of implantation and shell strength, tough-
ness, and elasticity. This association suggests that
exposure to the in vivo environment weakens the 
silicone breast shells over time.

Capsular Contracture

The incidence of symptomatic capsular contracture
(Baker grades 3 and 4; Table 1) has been reported
to be between 0% and 50% (Fig. 2). Contracture
rates for breast implants vary according to implant
type: the old sponge types, 100%; gel-filled with a
patch, 70%; patchless gel filled, 55%; and saline
inflatable, 35%. Saline-filled implants appear to
reduce the incidence of contracture in almost every
reported study.

The incidence of grade 3 or 4 capsular contracture
is approximately 75% for single-lumen silicone gel
implants, 12% for double-lumen gel implants, 4% for
polyurethane implants, and 5% for saline-filled
implants. The incidence of capsular contracture
rises significantly with time. There may be an initial
rapid rise in the contracture rate (to approximately
30%) in the early years after implantation, followed
by a more gradual increase. A limitation of most
studies is that interpretation of data is made diffi-
cult because of changes in implant design over time.
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Another factor influencing capsular contracture is
the anatomic placement of the implant. A prosthe-
sis placed in a subcutaneous pocket after subcuta-
neous mastectomy has a significantly higher
incidence of capsular contracture than an implant
placed subpectorally. Many believe that subpectoral
implant placement reduces the incidence of capsu-
lar contracture in cosmetic augmentation, but this
finding is not borne out by all studies. Subclinical
bacterial colonization of mammary implants
appears to be etiologically related to the develop-
ment of capsular contracture. In vitro studies and
experimental animal studies support the use of anti-
septic irrigation of the breast pocket or impregna-
tion of devices with antibiotics. Whether these
measures interfere with the mechanical integrity of
breast implants has not been fully investigated.

Periprosthetic Infection

Major infections of saline-filled tissue expanders
occur in up to 10% of cases. However, the incidence
of overt infection with mammary implants is only
1.5%, although subclinical periprosthetic positive
culture rates from breast implants are as high as
23.5%. The positive cultures correlate statistically
with symptomatic capsular contracture, but not
with implant rupture or with implant placement
(prepectoral or subpectoral). If clinical infection of
one mammary implant necessitates removal, the
contralateral mammary implant may have to be
removed as well for aesthetic reasons.

It is interesting to note that when an overtly
infected implant (generally with Staphylococcus
aureus) is salvaged and retained by the aggressive
use of antibiotics, subsequent capsular contracture
frequently occurs. Coagulase-negative staphylococci
(which colonize breast ducts) have been associated
with a symptom complex of myalgia and arthralgia
in the absence of overt breast infection. A problem
particularly related to the pathogenicity of coagulase-
negative staphylococci is their relative protection in

Figure 1 • Ruptured silicone gel implant. 

TABLE 1 Baker Classification of Breast

Capsular Contraction

Grade I: No palpable capsule. (The augmented breast
feels as soft as a breast that has not been
augmented.)

Grade II: Minimal firmness. (The breast is less soft,
and the implant can be palpated but is not visible.)

Grade III: Moderate firmness. (The breast is harder,
and the implant can be palpated easily and is
visible.)

Grade IV: Severe contracture. (The breast is hard,
tender.)

A B

Figure 2 • A, Patient with the characteristic deformity secondary to severe capsular contracture. B, The contracted capsules around the
implants. Note the calcification.
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a biofilm layer. Bacteria may adhere to silicone and
produce extracellular polysaccharides and glyco-
protein that form a “slime” layer. Encased in this
biofilm, they remain in a dormant, viable state, but
they do not multiply. In addition, fungi (particularly
Aspergillus) have been reported as colonizers of 
silicone saline-filled breast implants in the absence
of overt external clinical breast infection.

Pathologic Anatomy

Saline-filled breast implant rupture leads to implant
deflation with a decrease in breast size/volume on
the affected side. The deflated shell may occasion-
ally be palpated as a mass. The deflation may occur
secondary to leakage at a fill valve or seam, or it may
be due to a true fold flaw and tear in the silicone
shell. An external force of sufficient magnitude may
directly rupture an implant. In contrast, most sili-
cone gel implant ruptures remain intracapsular and
are more difficult to diagnose clinically. Extracapsu-
lar rupture may result in a granuloma and can be
confused with a breast tumor.

Periprosthetic capsular contracture causes breast
deformity in its more severe stages. There is supe-
rior displacement of the implant and rounding of the
superior pole with asymmetry and irregularity.

When breast implants are removed in a patient
with a previous cosmetic augmentation, changes
occur in both breast volume and shape. Surgical
treatment options are based on the patient’s needs
and the surgeon’s advice. In many patients, implant
removal results in an exaggerated degree of ptosis,
loss of upper pole cleavage, diminished breast
volume relative to chest stature, and breast asym-
metry. It is difficult to predict which patients will
return most to their preaugmentation state and
which patients will have the aforementioned defor-
mities after implant removal and will require recon-
struction (Fig. 3).

In patients requiring implant extirpation, it is
probably more prudent for both technical and eco-
nomic reasons to minimize deformities at the time
of implant removal than to attempt to correct them
at a later date. For example, a patient with a pre-
vious subcutaneous mastectomy who has implants
removed for painful capsular contractures is going
to experience progressive contracture of the skin
envelope after implant removal. Reconstruction
thus becomes more complex and may require pre-
expansion if the reconstruction is performed in a
delayed manner. A more favorable result is achieved,
however, if the existing skin envelope is used imme-
diately after implant removal.

In a patient with a previous cosmetic augmenta-
tion who is unhappy with her breast shape and form
after the implants are removed, the problem may be
a financial rather than a technical one. Often, the
aesthetic problem can be readily solved by simple

augmentation with a saline implant, but the patient
may now be unable to afford a second operation.
Although financial concerns should not cloud surgi-
cal judgment, whenever surgically prudent it is
better to simultaneously combine removal of
implants with some type of reconstruction such as
mastopexy or augmentation. In a patient who is ini-
tially opposed to implant replacement or in whom it
is discovered intraoperatively that mastopexy is not
possible, it might be prudent to defer surgery and
let the patient evaluate her appearance in order to
make a decision jointly with the plastic surgeon
about the need for further management.

Diagnostic Studies and
Preoperative Evaluation

The clinical examination must highlight each of the
following to determine whether mastopexy or a
replacement implant is needed and to evaluate
potential outcomes:

1 Estimation of the current volume of breast
tissue. The change in bra cup size, records of
the implant size, and previous photographs are
helpful to determine how much breast tissue
will remain after an implant is removed. Mam-
mography may also help to determine the
volume of breast tissue relative to implant size.

2 Skin elasticity. If breast skin tone is elastic, it
is more likely that implant removal alone will
mimic the preaugmentation state. The
patient’s age, presence of striae, number of
pregnancies, and degree of existing breast
ptosis are helpful in evaluating the potential
appearance after breast implant removal.

3 Breast asymmetry. Removal of breast implants
may unmask previously existing breast asym-
metry. Patients may report a significant pre-
existing breast asymmetry that may indeed
have been the original indication for breast
augmentation. Breast asymmetry may have
been present before breast augmentation, or 
it may have been acquired as a result of 
multiple breast biopsies, infections, ruptured
gel implants, or multiple capsulectomies. In
women with true extracapsular implant
rupture resulting in extrusion of silicone into
the breast tissue with granuloma formation,
removal may result in loss of breast tissue as
well.

4 Patient’s view of breast aesthetics. The patient
may now have personal desires that are very
different from those when she first sought
breast augmentation. Acceptance of additional
scars (especially those of mastopexy) and will-
ingness to receive a new implant must there-
fore be evaluated.
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5 The role of breast-imaging techniques. Breast
imaging (mammography, magnetic resonance
imaging [MRI], and ultrasonography) does not
play a role in the preoperative evaluation of a
patient who is going to have an implant
removed. When a screening mammogram is
indicated to evaluate breast parenchymal
disease, it should be performed preoperatively.
It may be helpful in giving an idea of the
volume of breast tissue relative to implant size
(Fig. 4). Mammography may occasionally
detect extracapsular silicone gel implant
rupture (Fig. 5). In cases in which rupture is
uncertain, MRI remains the most accurate
diagnostic tool.

Goals of Reconstruction

The goals of reconstruction are as follows:

1 Minimization of breast contour deformity
2 Restoration of breast volume, shape, and aes-

thetic appearance
3 Creation of skin flaps to accommodate the

appropriate breast volume
4 Resolution of infection
5 Minimization of external scars
6 Provision of emotional support to patients

Figure 3 • The undesirable effects of implant removal in patients who had under-
gone breast augmentation include loss of upper pole fullness with a caved-in
appearance, exaggerated ptosis, diminished breast volume relative to torso dimen-
sions, and unmasking of the original breast asymmetry. Dotted line indicates breast
contour after implant removal.
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Surgical options after a decision has been made to
remove a breast implant are as follows:

1 Implant removal alone
2 Implant removal with mastopexy
3 Removal or replacement with an implant

(usually saline)
4 Removal or reconstruction with autogenous

tissue

Treatment

Management of Patients Previously
Reconstructed with Implants

If reconstruction is not performed in a patient who
has previously undergone mastectomy and has had
the implants removed, the only option available to
the patient is to wear a prosthetic bra.

For a patient who has previously undergone sub-
cutaneous mastectomy and has a noncontracted
skin envelope with a well-defined inframammary
crease, implant removal with simultaneous implant
replacement is an ideal treatment. If body habitus
allows, autogenous tissue reconstruction using a
deepithelialized flap is also an excellent option in a
patient who has had a previous subcutaneous mas-
tectomy and implant reconstruction. Because the
skin envelope and inframammary crease are already
formed, little additional breast contouring is
required. In many patients, the volume of the hemi-
TRAM (transverse rectus abdominis myocutaneous)
flap equals the volume of the implant removed and
can therefore be used for reconstruction. If there is
significant adipose tissue in the back and flank
region, deepithelialized extended latissimus dorsi
flaps also provide satisfactory results, particularly
in patients with previous abdominal surgical proce-
dures. With autogenous tissue, one is frequently
limited in volume for bilateral reconstructions, and
occasionally, two different flaps are required.
Microvascular free tissue transfer may also have a
role in reconstruction of these patients.

Figure 4 • Mammogram taken before implant removal
shows a large volume of breast parenchyma relative to implant
size. 

A B

Figure 5 • A, Mammogram showing extrusion of silicone gel (arrow) along the intermuscular tissue planes up to the axilla. B, A
patient with a clinically palpable breast mass has a silicone granuloma (arrow), seen mammographically, as a result of extracapsular gel
implant rupture.
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Management of Patients Who Have
Previously Undergone Cosmetic Breast
Augmentation

Autogenous tissue reconstruction after implantation
in a previously augmented patient for cosmetic
reasons is often impractical because of the expense
and extent of the surgery involved. However, bilat-
eral TRAM flaps are occasionally required in
patients who have not had a previous mastectomy,
as well as in patients in whom the original aug-
mentation was performed for significant chest wall
asymmetry, such as Poland’s syndrome.

In reality, however, most patients who have pre-
viously undergone cosmetic augmentation have
three choices if the breast implants are to be
removed: implant removal alone, implant removal
with mastopexy, or implant removal with saline
implant replacement. If the patient is to be reaug-
mented and the breast is soft, an implant of similar
size to that previously used is appropriate. However,
if the patient has a severe Baker 3 or 4 capsular con-
tracture associated with skin striae and ptosis, a
new implant should preferably be of larger size and
should be placed prepectorally.

Older, thin patients who have breast striae are
more likely to have adverse aesthetic outcomes
when implants are removed without additional
surgery. Thus, simultaneous mastopexy is advised.
Even in slender patients with a small amount of
breast tissue and inelastic skin, a pleasing breast
contour can be achieved with mastopexy despite loss
of breast volume. In contrast, in a full-framed, full-
breasted patient who has previously undergone only
modest augmentation, who might have gained
weight since the initial surgery, and who may
perhaps have only a mild degree of capsular con-
tracture with minimal ptosis, one can expect a sat-
isfactory aesthetic outcome after implant removal
alone. Similarly, youthful women with no pregnan-
cies, no evidence of striae, a thin body habitus and
elastic skin, and a history of only modest augmen-
tation will have satisfactory results after implant
removal alone. The ideal candidate for mastopexy
associated with implant removal is one with a rela-
tively full body habitus, a substantial amount of
breast tissue, and breast ptosis with skin striae.

Pearls and Pitfalls

• Immediate breast reconstruction is favored
over delayed reconstruction following breast
implant removal. This principle applies partic-
ularly to patients who previously had implants

placed for reconstruction after mastectomy.
Removal of implants without immediate recon-
struction results in a contracted skin envelope.
It is difficult to recreate a smoothly contoured
skin envelope if reconstruction is delayed, and
preexpansion may be required for a satisfac-
tory result.

• Implant removal should be performed in con-
junction with total capsulectomy for several
reasons. There is a slightly increased risk for a
contained postoperative seroma if the capsule
is retained. Removal of a thickened capsule
also leaves behind a more pliable breast enve-
lope. Extracapsular dissection enables one to
contain an unrecognized intracapsular rupture
of a gel implant and to minimize the chance of
spillage into surrounding breast tissue, in addi-
tion to avoidance of silicone granulomas.

• Meticulous hemostasis must be achieved by
removing the capsule within a relatively easily
defined extracapsular surgical plane.

• In the case of subpectoral implant placement,
a portion of the posterior wall capsule is
retained against the ribs to minimize the risk
for pneumothorax.

• If a mastopexy is selected, the “tailor-tacking”
technique is recommended. Presumptive mark-
ings are placed preoperatively, and the future
nipple site is identified. It is important to sit
the patient upright on the operating table
when mastopexy with “tailor-tacking” sutures
is performed.

• Most patients who have previously undergone
breast reconstruction had their implants
placed subpectorally. For optimal aesthetic
results, the new breast pocket must be created
in a subcutaneous plane when an autogenous
tissue replacement is performed.
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Breast reduction presents a challenge to surgeons:
how to preserve the blood supply and sensation to
the nipple-areola complex while resecting the sur-
rounding skin and parenchyma.

Most North American plastic surgeons have been
trained in the inverted “T,” inferior pedicle tech-
nique because it is a safe, reliable approach to breast
reduction. Unfortunately, this method results in a
long inframammary scar, a boxy shape, poor projec-
tion, and long-term bottoming out or pseudoptosis.

In contrast, European and South American sur-
geons were achieving satisfactory results with
shorter-scar techniques. In addition to reduced scar-
ring, shape and longevity were improved. The pro-
cedure took less time to perform and was associated
with easier recovery. However, these procedures had
a higher revision rate. Some surgeons were reluctant
to abandon a procedure that gave acceptable results
for one that potentially promised better results but
was associated with a difficult learning curve.

Etiopathogenesis

In most patients with a normal body mass index,
breast hypertrophy results from an abnormal end-
organ response to circulating hormones rather than
an abnormal level of hormones. The cause of the
increased end-organ response is unknown. In these
patients, weight gain or loss does not change the size
of the breasts. In obese patients, macromastia is
often the result of a combination of fatty infiltration,
increased end-organ response, and elevated levels of
hormones associated with obesity. The patient will
benefit from weight reduction before surgery
because surgery alone gives suboptimal aesthetic
results. Surgery is indicated for symptomatic relief.

Pathologic Anatomy

Breast hypertrophy usually results from an increase
in the glandular, fibrous, and fatty elements of the
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breast. In younger patients, fibrous elements pre-
dominate, whereas in older patients, the breasts
have more fat. In all breasts, the most fibrous tissue
is located in the upper outer quadrant. In addition,
there is often hypertrophy of the areola, and this
hypertrophy most often also requires reduction.

Surgical Anatomy

Breast reduction surgery must be performed with an
understanding of the normal anatomy of the breast.
The nipple-areolar complex must be transposed
while maintaining an adequate blood supply. The
breast parenchyma needs to be resected without
interfering with the blood supply not only to the
areola but also to the remaining tissue and skin
flaps. Maintaining the innervation of the skin and
nipple is necessary for the preservation of sensation.
It is important to keep as many connections as 
possible between the parenchyma and the nipple to
preserve the ability to breast-feed.

Arterial

The internal mammary (thoracic) artery, the lateral
thoracic artery, and to a lesser degree, the thora-
coacromial artery provide the arterial supply to the
breast (Fig. 1). They pass through subcutaneous
tissue into the breast and then descend into the
parenchyma. There is consistently one branch from
the internal mammary artery that enters the breast
at the second or third intercostal space and angles
obliquely downward toward the nipple. At the breast
meridian, it is approximately 1 cm deep to the skin
and is the basis of the superior or superomedial
pedicle.

Branches from the lateral thoracic system are
more variable, but also become more superficial as
they proceed medially. They supply the lateral
pedicle.

The internal thoracic vessels give a consistent
branch, which enters the breast on its deep surface.
It penetrates the pectoralis muscle at about the level

Breast Reduction
ELIZABETH J. HALL-FINDLAY
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of the fifth or sixth intercostal space medially. It is
a large vessel that is usually located just medial to
the breast meridian approximately 2 to 4 cm above
the inframammary fold. It supplies an inferior or
central pedicle.

Venous

Venous drainage of the breast is primarily through
a venous plexus that does not follow the arterial
supply. The venous plexus is superficial and con-
centrated around the areola, and circumferentially
incising the areola may damage the venous system.
In addition, any surgical design (such as a long supe-
rior pedicle) that necessitates folding of the pedicle
is likely to compromise venous return. Although
arterial inflow might be sufficient to overcome
folding, venous return could suffer from the 
compression.

Innervation

The lateral cutaneous branch of the fourth inter-
costal nerve is the most common nerve supplying
sensation to the nipple (Fig. 2). One branch of the
nerve travels superficially; the other runs along the
pectoralis fascia and takes an almost 90 degree turn
at the breast meridian to run vertically toward the
nipple. It is for this reason that any full-thickness
pedicle (where tissue is left over the pectoralis
fascia) is likely to preserve sensation to the nipple-
areola complex. In addition, the anterior cutaneous
branches take a superficial course and terminate at
the medial aspect of the areola. A medially based
pedicle would therefore not need to be full thickness
to preserve sensation.

There are also supraclavicular branches that
supply some sensation; these nerve branches are
small and far less important (see Fig. 2).

Diagnostic Studies

Few diagnostic studies need to be performed to
determine whether a breast reduction is indicated.
Outcomes research has definitively shown the value
of breast reduction in improving symptoms of back
pain, neck pain, shoulder grooving, rashes, posture
problems, and even headaches and tingling in the
arms and hands. Unfortunately, most health care
insurers are looking for any excuse to deny cover-
age, and they are demanding—despite evidence to
the contrary—either that patients lose weight or
that the surgeon remove a minimum weight (often
substantial) of tissue per breast.

In addition to standard preoperative laboratory
studies, patients in the United States who are older
than 35 years should have mammograms performed
according to the American College of Surgeons’
guidelines.

Reconstructive Goals

The main goal of breast reduction surgery is volume
(weight) reduction, but preservation or restoration
of breast aesthetics is paramount. Preservation of
function (breast-feeding) may be an important goal
in young women. The breast should be proportional
to body size. It should have an attractive shape with
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Figure 1 • Anatomy—arterial vascular supply. A, The arterial supply consists mainly of branches from the internal mammary (tho-
racic) system. This system supplies a superficial branch (A) that enters the breast obliquely and a perforator that enters the breast
inferiorly (C) through the pectoralis muscle. “A” provides adequate arterial supply to superior and medial pedicles, whereas “C” pro-
vides satisfactory arterial supply to inferior and central pedicles. The lateral thoracic system provides input for a lateral pedicle (D).
Minor input comes from supraclavicular vessels (B). B, Lateral view of the arterial supply. C, Craniocaudal view of the arterial supply.
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adequate projection, elegant curves, and a nipple-
areola complex that is pleasing in shape and posi-
tion. The result should also be as long lasting as
possible.

Treatment

For the purposes of this chapter, the common
methods of breast reduction will be reviewed with
special attention to the author’s preferred method.

Skin Resection Pattern: Vertical

Pedicle: Medial, Superomedial

Parenchyma Resection Pattern: Wise
Pattern

The medial pedicle vertical reduction offers several
advantages when compared with the other tech-
niques (Fig. 3). The medial pedicle is reliable, pro-
vides adequate sensation, and preserves significant 
glandular-areolar attachment, thereby allowing the
possibility of future breast-feeding. In addition, the
design maintains maximal medial and superior full-
ness, elevates the inframammary fold, and allows
resection of significant lateral breast tissue. It is

reliable and safe and has a shorter learning curve
than other short-scar techniques do.

Preoperative marking is critical to ensure post-
operative symmetry. Marks are made with the
patient standing. The markings include the midline,
inframammary fold, breast meridian, and new
nipple position. The nipple position is placed at the
level of or just below the inframammary fold and is
usually between 21 and 26 cm from the sternal
notch. It is important not to place the nipple too high
because this postoperative problem is difficult to
correct. An open circle-shaped pattern for the
areolar opening is designed with a 16- to 18-cm cir-
cumference. The vertical limbs are created by dis-
placing the breast medially and laterally and
marking the transposed breast meridian. The verti-
cal limbs are joined with a curve 2 to 4 cm above the
inframammary fold. The areola is designed with a
40- to 50-mm diameter. The base of the medial
pedicle should measure between 6 and 10 cm. It
should start halfway above the areolar opening and
halfway below the areolar opening.

Lidocaine-epinephrine solution is injected at the
base of the breast and in the areas to be liposuc-
tioned. The medial pedicle is deepithelialized. The
first maneuver is creation of the pedicle. The pedicle
is cut straight down to the chest wall, but care
should be taken to avoid undermining or resecting
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Figure 2 • Anatomy—innervation. A, The main sensory innervation to the nipple-areolar complex comes principally through the lateral
fourth intercostal nerve (A). There is innervation from the medial intercostal branches as well (B). B, A craniocaudal view shows that
the fourth intercostal nerve sends a branch superficially, but it also sends a branch just over the pectoralis fascia until it reaches the
breast meridian, where it proceeds superficially to supply the nipple-areolar complex.
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A
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D

Figure 3 • A, The author’s preferred method involves the use of a medial pedicle associated with a vertical skin resection
pattern. B, Frontal preoperative view. C, Lateral preoperative view. D, Frontal view 10 days postoperatively.

Continued
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tissue under the pedicle. It is also important to stay
above the pectoralis fascia to avoid disrupting the
sensory nerve supply to the nipple.

The glandular resection is performed with atten-
tion to creation of the medial and lateral pillars. The
length of the pillars should be marked. The length
varies, depending on the size of the reduced breast,
but the pillars should be approximately 7 cm long.

The inferior border of the medial pedicle is now the
medial pillar. Below the pillar, the resection should
be superficial and include the tissue to the deep
fascia above the inframammary fold. The pillars
become thicker as they extend out medially and lat-
erally. Superiorly, the amount of tissue resected can
vary. It is necessary to resect some tissue to allow
the pedicle to be rotated into its new location. Some

E

F

G

Figure 3, cont’d • E, Lateral view 10 days postoperatively. F, Frontal view 4.5 years postoperatively. G, Lateral view 4.5 years
postoperatively.
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tissue is left superiorly to provide a platform for the
areola, but tissue cannot be pushed into the upper
pole. The remainder of the breast tissue can be
resected to give a breast of adequate size.

The pedicle is rotated superiorly and sutured to
the areolar opening. The pillars are approximated
with three to five sutures, and the skin incisions are
closed (see Fig. 3).

Skin Resection Pattern: Inverted “T”

Pedicle: Inferior

Parenchyma Resection Pattern:
Superior, Superolateral, Superomedial

This design is the most common approach to breast
reduction surgery in North America: a Wise pattern
for the skin resection and an inferiorly based pedicle
(Fig. 4A). The perforator vessels coming through the
pectoralis muscle are strong and reliable, thus
making this the workhorse technique for all degrees
of breast reduction. It relies, however, on a skin
brassiere to hold the shape of the breast. The design
keeps the vertical incision short to prevent bottom-
ing out and consequently results in a flattened, boxy
breast. The effect of gravity causes both the breast
tissue and the inframammary fold to descend with
time. The result is pseudoptosis and a breast in
which the nipples look as though they were placed
too high.

Skin Resection Pattern: Vertical

Pedicle: Superior

Parenchyma Resection Pattern: Vertical

Numerous variations on this pattern have been
devised (see Fig. 4B). The blood supply is reliable. It
comes in as a strong, obliquely oriented vessel from
the internal mammary system, and it runs superfi-
cially—approximately 1 cm deep to the surface of
the skin and usually just medial to the meridian.
There are superficial veins that do not travel 
with the artery, but generally follow a similar pat-
tern. They are often easy to identify and mark 
preoperatively.

Skin Resection Pattern: Circumareolar

Pedicle: Central

Parenchyma Resection Pattern: Wise
Pattern

The circumareolar reduction technique uses a
“round block” design without a vertical skin resec-
tion scar (see Fig. 4C), undermines the skin all
around the breast parenchyma, and uses a perma-
nent suture to close the large circular skin opening
to the areola. It is useful for small reductions but
may result in a widened scar.

Skin Resection Pattern: None

Pedicle: None

Parenchyma Resection Pattern:
Liposuction Only

Liposuction-only breast reduction has definite
appeal, but it is limited in application. It would be
ideal in young patients with adequate skin tone so
that they would not have extensive scarring and the
ability to breast-feed would be preserved. Unfortu-
nately, these patients also have thick fibrous breasts
with very little fat and they are poor candidates for 
liposuction.

At the other end of the spectrum, perimenopausal
patients have very fatty breasts, but the nipple ele-
vation and skin retraction that can be achieved with
liposuction-only reduction will not be sufficient to
avoid the development of ptosis. Some patients state
that they are satisfied with a shape that is not ideal
to avoid the scars associated with skin resection.
Liposuction-only breast reduction has a low risk for
nipple-areola necrosis, wound-healing problems,
loss of sensation, and inability to breast-feed. For
some patients, shape is a less important issue. It has
been claimed that liposuction is an alternative in
patients with medical problems, but it is not truly 
a less invasive procedure than standard (vertical)
breast reduction.

It is more difficult to examine the tissue patho-
logically when liposuction-only breast reduction is
performed. Most of the tissue removed is fat, and
even when parenchyma is removed in the standard
fashion, little of the tissue is actually subject to
microscopic examination.

General Considerations

There is still controversy regarding whether post-
operative skin taping helps the shape settle in either
the short or the long term. Most surgeons believe
that a skin brassiere can shape the breast initially,
but it has a variable effect in the long term. In
patients with adequate skin elasticity, a skin
brassiere may be effective, but in patients with poor
skin elasticity, especially in the face of weight
changes or pregnancy, skin laxity will determine the
longevity of the result.

The Wise skin resection patterns tend to achieve
a better initial shape at the end of the procedure, 
but the vertical approaches result in breasts with
more projection and fewer problems with a boxy
shape. The skin and breast tissue are brought in
from the lateral aspects, whereas the inverted “T”
pulls the skin inferiorly. The closure of a horizontal
ellipse results in problems with lateral and medial
dog-ears.

The techniques that use a lateral, superior, or
medial pedicle tend to maintain shape better with
time. The inferior pedicle is reliable, but it creates
a heaviness at the inferior pole of the breast. This
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heaviness allows gravity to have more of an effect
by stretching the inferior skin and causing pseudop-
tosis and descent of the inframammary fold.

Postoperative Care

The use of drains and antibiotics is controversial.
Drains do not prevent hematomas, but they may aid
healing by removing fluid from the dead space. With
the author’s preferred technique, there is significant
dead space. Seromas develop, but often do not need
to be treated. The routine use of antibiotics may
prevent seromas from becoming infected.

As with any breast reduction technique, there is
a risk of loss of sensibility or viability in the nipple-
areolar complex. If this loss is due to congestion,
removal of sutures may improve blood flow. Patients
should always be forewarned of the occasional need
for revisionary surgery.

Pearls and Pitfalls

• The learning curve for all breast reduction pro-
cedures is not an easy one.

• Shorter-scar approaches give a better, more
long-lasting shape, but they have a higher revi-
sion rate. The revision rate decreases as
surgeon experience grows. It is best to discuss
the possibility of revisions with the patient 
preoperatively.

• The inferior pucker with vertical breast reduc-
tion improves with time, unlike the lateral or
medial pucker (or dog-ear) associated with an
inverted “T” approach. Adding a small horizon-
tal component to vertical reductions may be
indicated, but it may not change the overall
revision rate. A large horizontal scar will pull
the skin vertically, thus negating the elegant
inferior curve of the breast that can be achieved
with the vertical designs. Waiting for the
pucker to resolve can be difficult for both the
surgeon and patient, but a patient informed
preoperatively can be a surgeon’s best ally.

• Not all short-scar breast reduction procedures
are the same. Not all vertical approaches are
the same. Plastic surgeons need to keep the
skin resection pattern, the pedicle design, and
the parenchymal resection pattern clear in
their minds.

• The skin resection pattern should stay well
above the inframammary fold so that the scar
does not extend onto the chest wall.

• Vertical techniques result in coning of the
parenchyma and more projection than is the
case with the inferior pedicle, inverted “T”

A

B

C

Figure 4 • Skin resection patterns and pedicle designs. 
A, Inverted “T” skin/inferior pedicle. B, Vertical skin/superior
pedicle. C, Circumareolar skin/central pedicle.
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approach. As a result, the new nipple position
must be lowered by at least 2 cm. This maneu-
ver is necessary to accommodate projection and
compensate for the fact that the skin (and
areola) are not pulled downward with the
closure.

• The increased length of the vertical incision is
taken up with the increased projection.

• The pillars should be approximately 7 to 8 cm
in length, but the skin can be much longer. The
skin adapts to the shape of the breast rather
than vice versa.
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Gynecomastia is generalized enlargement of male
breasts. It is the most common benign breast condi-
tion and affects up to 60% of males. It is observed
in newborns as a result of transplacental passage of
estrogens, in pubertal boys, and in older men.
Gynecomastia is a normal physical finding in the
majority of patients; however, it may be the initial
sign of a more serious underlying disease process
such as malignancy.

Etiopathogenesis

Gynecomastia represents an imbalance in the ratio
of circulating estrogens and androgens. The under-
lying cause of the imbalance is often idiopathic. It
may, however, be the result of an associated condi-
tion or drug (Tables 1 and 2). It is imperative that
malignancy, especially breast and testicular carci-
noma, be ruled out when evaluating patients.
Gynecomastia must also be differentiated from
pseudogynecomastia, which is simply fatty enlarge-
ment of the breasts without glandular proliferation.

Pathologic Anatomy

Gynecomastia usually manifests as a firm, mobile
disk of tissue underlying the nipple-areolar complex
and may be unilateral or bilateral. It can be differ-
entiated from pseudogynecomastia on physical
examination as the latter lacks a palpable disk of
tissue. On microscopic examination, gynecomastia
of recent onset is associated with ductal epithelial
proliferation and an increase in vascularity and
edema of the surrounding stromal and periductal
connective tissue. Long-standing gynecomastia is
characterized by a decrease in epithelial prolifera-
tion and an increase in stromal hyalinization and
fibrosis.
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Patient Evaluation/Diagnostic
Studies

The most important tools in the evaluation of a
patient with gynecomastia are the history and phys-
ical examination. Questions should focus on the
duration and timing of the breast changes and
symptoms, their progression, and medication and
alcohol use. Patients who are asymptomatic with a

Gynecomastia
MICHAEL S. MARGIOTTA
JOSEPH MICHAELS V

TABLE 1 Conditions Associated with

Gynecomastia

PHYSIOLOGIC

Neonatal
Pubertal
Involutional

PATHOLOGIC

Neoplasms
Testicular (germ cell, Leydig cell, or Sertoli cell)
Adrenal (adenoma or carcinoma)
Ectopic production of human chorionic gonadotropin 

(especially lung, liver, and kidney cancer)
Primary gonadal failure
Secondary hypogonadism
Enzymatic defects in testosterone production
Androgen insensitivity syndromes
True hermaphroditism
Liver disease
Starvation, especially during the recovery phase
Renal disease and dialysis
Hyperthyroidism
Excessive extraglandular aromatase activity
Drugs
Idiopathic gynecomastia

From Braunstein GD: Gynecomastia. N Engl J Med 328:490-495, 1993.
Copyright © 1993 Massachusetts Medical Society.
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long-standing history of breast enlargement pose
less concern than a patient with rapidly increasing,
painful breast enlargement. A complete review of
symptoms should be undertaken, with particular
attention paid to hypogonadism, as well as liver,
thyroid, renal, and lung disease.

Masses that are hard, eccentric, or nonmobile are
not consistent with gynecomastia, and malignancy
should be ruled out. Other disturbing signs include
nipple retraction or discharge, skin dimpling, and
axillary adenopathy. Thorough examination of the
testes, thyroid, and abdomen should also be docu-
mented. Laboratory workup should include a basic

metabolic profile, as well as liver, and thyroid func-
tion studies.

Additional diagnostic workup is dictated by the
findings on history and physical examination, as
well as by the age of the patient (Fig. 1). If gyneco-
mastia is suspected, reassurance that it is a normal
physiologic finding is recommended, with follow-up
in 6 months. Adult patients with a suspicious breast
mass should be referred for a mammogram, whereas
pediatric patients should have the mass evaluated
by ultrasound. Further evaluation by fine-needle
aspiration can be performed. Testicular ultrasound
is recommended for signs of hypogonadism or

A

Male breast
enlargement

Generalized
physical

examination

Generalized
physical

examination

Focused
physical

examination

Focused
physical

examination

Directed evaluation
and/or treatment

Asymmetric
gynecomastia

Mammogram
Possible FNA/biopsy

Metastastic workup/
surgery

No further
treatment

Consider
surgery

Puberty
adolescence

Prepuberty

History History

Resolution

Resolution

Endocrine workup
(hCG, LH,

testosterone, estradiol)

Reassurance/
periodic examination
every 6 months for

2 years

Directed education
and/or treatment

(i.e., drug withdrawal,
decreased libido, impotence)

Directed evaluation
and/or treatment

(i.e., testicular ultrasound,
liver function tests)

Unilateral, eccentric,
hard breast mass

± fixation
± skin dimpling
± nipple retraction
± nipple discharge
± axilliary nodes

+

+

++

+–

–+

No further
treatment

Consider
surgery

–+

–

+

–

– –

–

Figure 1 • Diagnostic and treatment algorithms for newborn and pubescent children (A) and adults (B).
FNA, fine-needle aspiration; hCG, human chorionic gonadotropin; LH, luteinizing hormone.
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observed testicular abnormality, abdominal com-
puted tomography (CT) for suspected liver disease
or adrenal tumor, and chest radiography/CT if signs
or symptoms of lung cancer are present. Hormone
studies (follicle-stimulating hormone, luteinizing
hormone, and b-human chorionic gonadotropin) 
are recommended for young males with recent onset
of breast hypertrophy because this age group has
the highest prevalence of underlying testicular
tumors.

Indications for
Surgery/Reconstructive Goals

If no underlying pathologic process is identified,
patient reassurance, with follow-up in 6 months, 
or surgical intervention is recommended. In the
majority of pubertal boys, gynecomastia usually
resolves without intervention within 2 years. For
this reason, surgery is not the first-line treatment

Male breast
enlargement

Generalized
physical

examination

Focused
physical

examination

Directed evaluation
and/or treatment

Asymmetric
gynecomastia

Mammogram
Possible FNA/biopsy

Metastatic workup/
surgery

Adulthood

History

Resolution

Directed education
and/or treatment

(i.e., drug withdrawal,
decreased libido, impotence)

Directed evaluation
and/or treatment

(i.e., testicular ultrasound,
liver function tests)

+–

No further
treatment

Consider
treatment

–+

+

+

+

–

–

–

–

+
Standard laboratory tests

- Basic metabolic panel
- Liver function tests
- Thyroid profile

Unilateral, eccentric,
hard breast mass

± fixation
± skin dimpling
± nipple retraction
± nipple discharge
± axilliary nodes

Endocrine workup
(hCG, LH,

testosterone, estradiol)

Idiopathic
gynecomastia

Reassurance/
follow-up

examination
in 6 months

Low
clinical

suspicion

High
clinical

suspicion

B

Figure 1, cont’d • For legend see opposite page.
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in this age group unless the gynecomastia is long-
standing. Surgery is indicated in patients with
severe pain and in those afflicted with significant
emotional distress. Psychological distress is one of
the most common reasons that patients seek
medical attention. This factor is very important for
the treating surgeon to consider when counseling
patients. The reconstructive goal of surgery is to
decrease the size of the breast, improve its contour
and symmetry, and leave minimal scars.

Treatment

Treatment is identical for both gynecomastia and
pseudogynecomastia. From the initial consultation,
most patients are approached with the possibility of
a two-stage treatment. Liposuction alone, either

power or ultrasound assisted, is the first stage. The
breast is injected with tumescent solution and
aggressively suctioned. Two ports are made, one on
the lateral side and the other on the inferior margin
of the areola. The suctioning is performed with par-
ticular attention to the subareolar region, although
the entire breast must be suctioned thoroughly.
After initial suctioning, it is important to make a
second pass in the areolar region. After fatty tissue
is removed, the hard glandular tissue in the areolar
region remains. The hard breast tissue should be
firmly grasped and a cutting cannula passed in the
center. The initial resistance gradually subsides as
suctioning is continued in the firm area.

The patient is observed over the next 6 months.
In younger patients with tight skin, the contraction
is often adequate and a second stage is not usually
necessary. Even enlarged areolas contract in size. 
In patients with severe gynecomastia or loose skin,
a secondary procedure may be required, including
removal of the remaining subareolar glandular
tissue, areola reduction, and skin excision. The two-
stage approach leaves less scarring than if primary
excision were performed.

Postoperative Care

After liposuction procedures, patients are wrapped
with a compressive bandage for 3 weeks to improve
contraction of the skin. Antibiotics are not necessary,
and patients are discharged the same day. The most
common complications are seromas or hematomas,
although their incidence is reduced by compression
bandages. Skin dimpling may also be observed. With
secondary procedures, it is common to overresect
subareolar tissue and leave a contour deformity at
the edge of the resection.

Pearls and Pitfalls

• Make the correct diagnosis (specifically, associ-
ated conditions or malignancy) in cases of male
breast enlargement.

• Prepare the patient for two treatment stages.
Although adequate results are often obtained
with one procedure, the patient should be
informed that a secondary procedure may be
necessary.

• Liposuction should be performed aggressively
with a cutting cannula in the subareolar area.
The cannula is difficult to pass in this area, and
special attention should be directed to reduc-
tion of this tissue.

• Maintain at least 1 cm of tissue under the
areola with an open resection to avoid a contour
deformity.

TABLE 2 Drugs Implicated as Causes of

Gynecomastia

CATEGORY DRUG

Hormones Androgens and anabolic 
steroids

Chorionic gonadotropin
Estrogens and estrogen 

agonists
Antiandrogens or inhibitors Cyproterone

of androgen synthesis
Flutamide

Antibiotics Isoniazid
Ketoconazole
Metronidazole

Antiulcer medications Cimetidine
Omeprazole

Cancer chemotherapeutic 
agents (especially 
alkylating agents)

Cardiovascular drugs Amiodarone
Captopril
Digoxin
Enalapril
Methyldopa
Nifedipine
Reserpine
Verapamil

Psychoactive drugs Diazepam
Haloperidol
Phenothiazines
Tricyclic antidepressants

Drugs of abuse Alcohol
Amphetamines
Heroin
Marijuana

Other Phenytoin
Penicillamine

From Braunstein GD: Gynecomastia. N Engl J Med 328:490-495, 1993.
Copyright © 1993 Massachusetts Medical Society.
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Liposuction is the most frequently performed 
aesthetic surgery procedure. Liposuction and exci-
sional surgery for body contouring are performed 
to satisfy yearnings for beauty, youth, athleticism,
and vigor.

Liposuction consists of surgical aspiration of fat
through small incisions with the use of small-caliber
cannulas connected to aspiration devices. With the
cannula attached to a powerful vacuum source, the
surgeon moves the cannula back and forth in a to-
and-fro motion. The fat adheres to the aperture 
at the end of the cannula, and the to-and-fro motion
of the cannula through the fat avulses small frag-
ments of tissue that are evacuated into a collection
device.

Fat is less dense and structurally weaker than
adjacent nerves and blood vessels; therefore, it is
preferentially evacuated, whereas nerves, blood
vessels, and fascia remain intact. The fascial frame-
work that contains the neurovascular bundles and
connects the deep muscle fascia to the dermis is left
behind. Removal of subcutaneous fat reduces body
contour as the subcutaneous tissues and skin con-
tract to accommodate the diminished volume of the
subcutaneous space.

Excisional body contour surgery removes loose,
redundant skin and subcutaneous tissue and tight-
ens the adjacent skin and subcutaneous tissue enve-
lope. Abdominoplasty and thigh lift are the most
commonly performed excisional procedures for the
lower part of the torso and the thigh-buttock area.
The excisional procedures are highly effective but
are also more physiologically disruptive, painful,
and associated with a higher complication rate than
liposuction.

Patient Selection and Evaluation

Liposuction and body contour surgery often attract
a group of patients who mistakenly believe that
these procedures are a cure for obesity. Although
liposuction works well in treating figure faults, it is
not a proven method of permanent weight loss.
Overweight patients are not only unlikely to have
long-term benefits from liposuction and body con-
touring surgery but are also at increased risk for
complications from the surgery. Patients with a body
mass index higher than 30 should be rejected for
surgery and referred for weight loss counseling.

SELECTING FIGURE FAULTS. Patients with dispro-
portionately localized fat can obtain satisfactory
results from liposuction. Patients with dispropor-
tionately large thighs or buttocks (or both), despite
being at normal weight, are especially good candi-
dates. For most body areas, a skin pinch thickness
of 3 cm or more indicates enough subcutaneous fat
to benefit from liposuction.

Patients with more generalized subcutaneous
excess fat (mildly or moderately overweight) can
also have satisfactory results from liposuction, but
fat removal in these patients usually involves more
extensive surgery with more risk. The long-term
efficacy of large-volume fat removal remains to be
proved. Patients with loose or excessive skin are
better treated by excisional surgery. Abdomino-
plasty, either confined to the anterior of the
abdomen or applied circumferentially, is an effective
method of excising excess skin and tightening the
lower part of the trunk. Skin laxity of the buttocks

Liposuction and Body 
Contouring

GERALD H. PITMAN
DAVID A. STOKER

W. GRANT STEVENS
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and thighs benefits from a thigh lift. Liposuction is
frequently performed as an adjunct to the excisional
procedures.

Abdominal fascial laxity should be assessed pre-
operatively. Plicating loose fascia can substantially
improve abdominal contour. If the abdominal fascia
protrudes but is firm secondary to intraabdominal
fat, weight loss through diet and exercise is the best
option. Tightening fascia that is tense from intra-
abdominal fat frequently leads to recurrence of
abdominal wall protuberance.

Liposuction

Instrumentation

CANNULAS. Cannulas generally range from 2 to 
5 mm in diameter. The aspiration apertures are
usually multiple and are positioned several mil-
limeters proximal to a blunt cannula tip. Although
larger cannulas permit more rapid fat evacuation,
they are also more likely to produce contour irregu-
larities. Small and medium-sized cannulas are used
for most applications, particularly for smaller fat
deposits and for removing fat closer to the surface
of the skin. Vented cannulas permit air to mix with
the aspirate as it is flushed down the tubing and
increase the speed and efficiency of aspiration.

TUBING. Clear, flexible polymer tubing approxi-
mately 1/2 inch in diameter connects the cannula to
the collection device and vacuum pump.

VACUUM PUMPS. A wide variety of aspiration
devices composed of collection bottles, filters, and
vacuum pumps are available. The pumps should be
sufficiently powerful to achieve sufficient negative
pressure for vaporization of water. Vaporization of
water in the aspirate also increases the efficiency
and speed of aspiration by reducing the coefficient
of friction of the aspirate.

SYRINGE SUCTION. Small volumes of fat can be
efficiently aspirated by using syringes attached to
collection cannulas with a Luer-lock fitting. Syringe
aspiration is used most frequently when the fat is
collected for reinjection into other body areas as
autologous fat grafts.

POWER-ASSISTED LIPOSUCTION. Pneumatic and
electric-powered handpieces are used to create a 
reciprocating action of the cannula after it is
inserted into subcutaneous fat. Reciprocation occurs
at 3000 times per minute over a 2- to 3-mm distance.
The reciprocating action facilitates passage of the
cannula through fat and avulses small particles of
fat as the fat is suctioned into the opening at the
distal end of the cannula. Powered devices reduce
the surgeon’s physical work effort and are particu-

larly useful for large-volume fat removal or for 
multiple liposuction procedures on the same day.
Powered handpieces have the disadvantage of being
larger and more bulky than handpieces of conven-
tional cannulas.

ULTRASOUND-ASSISTED LIPOSUCTION. An ultra-
sonic probe reciprocates at 20,000 to 30,000 cycles
per second over a 100-micron amplitude. This
creates a powerful energy field at the tip of the
probe. The energy field vaporizes the fatty tissue
and releases intracellular triglycerides. The mixture
of oil and tissue stroma is aspirated with a conven-
tional or powered liposuction cannula. Ultrasound-
assisted liposuction reduces the surgeon’s work
effort and is particularly useful in scarred and
fibrous areas. It adds an additional step to the pro-
cedure, however, and introduces the potential com-
plication of a thermal burn caused by the high
energy at the tip of the probe. Other complications,
such as seromas and paresthesias, occur more com-
monly when ultrasound is used.

Surgical Treatment

The patient is marked preoperatively in the stand-
ing position. A series of concentric circles are drawn
on the protuberant areas. The innermost circle
marks the point of maximum fat deposition. Volu-
metric estimates of fat extraction can be inscribed
on the skin and serve as a useful intraoperative
guide. Access incisions for cannulas are also marked
(Figs. 1 to 3).

With the patient standing, the skin surface from
the upper part of the chest to the toes is prepared
with a germicidal agent (povidone-iodine). The
patient is placed on a sterile-draped operating table,
and the feet are wrapped in sterile towels. A sterile
Mayo stand cover under the patient is used as 
a draw sheet for assistance in positioning during 
the operation. A sterile barrier sheet separates 
the anesthesiologist from the operative field. This
method of skin preparation and draping keeps the
entire body available for surgical manipulation in
multiple body positions without having to interrupt
the operation for a second sterile preparation and
draping.

Most of the body is exposed for the entire opera-
tion so that body heat loss is minimized because
decreased core body temperature is associated with
a variety of complications. For patients under
general anesthesia, a countercurrent exchanger in
the anesthesia circuit (Bain circuit) reduces heat
and vapor loss. Whenever possible, forced-air
warming blankets are used on parts of the body
outside the sterile field (most frequently, the head,
shoulders, and upper extremities). When warming
blankets cannot be used or are insufficient to main-
tain core body temperature, the operating room is
heated to 80∞ F. Fluids for injection are heated to
body temperature.
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Lidocaine 2% 20 mL
Epinephrine 1:1000 1 mL
Lactated Ringer’s solution 1000 mL
Lidocaine 0.04% with epinephrine 1026 mL

1:1,000,000

Each liter of injectate contains lidocaine, 400 mg, at
a concentration of 0.04%, the minimum concentra-
tion that consistently reduces patients’ requests for
narcotics in the postoperative period.

The volume of subcutaneous infiltrate varies
depending on the volume of aspirate. A 1:1 ratio 
of injection to aspirate provides total fluid replen-
ishment and adequate hemostasis and analgesia.
The total injectate volume frequently exceeds 3 L,
which usually delivers lidocaine doses in excess of
the manufacturer’s recommendations. Neverthe-
less, extensive clinical experience has established
the safety of lidocaine doses up to 50 mg/kg when
instilled into subcutaneous fat in a hyperdilute 
solution mixed with epinephrine. To use lidocaine
safely in this off-label manner, however, the surgeon
must be thoroughly familiar with the pharma-
cokinetics of hyperdilute lidocaine-epinephrine 
solutions delivered to subcutaneous tissues. The
anesthesiologist should limit intravenous fluid
administration when large volumes of subcutaneous
fluid are given.

Use of the tumescent method permits removal of
large volumes of fat aspirate with minimal blood
loss. If the method is used correctly, liposuction aspi-
rate volumes of more than 5000 mL can be removed
without the need for transfusion. It is critical that
the surgeon monitor the quality of the aspirate 
as the operation proceeds. A pure yellow aspirate
indicates minimal blood loss. A very red aspirate
indicates more than average blood loss, a finding
dictating alteration of the operative plan and reduc-
tion in the scope of the operation to avoid an
unplanned transfusion.

Liposuction begins 20 minutes after completion of
preinfiltration with tumescent solution to allow ade-
quate time for optimal vasoconstriction. Whatever
anatomic areas are treated, the principles for pro-
ducing consistently smooth contour reduction
remain the same:

• Treat each area through multiple access inci-
sions. It is important to suction each area at
different angles to allow more even suction
with less noticeable contour irregularities.

• Suction first from deeper tissues. More super-
ficial areas should be addressed after the
deeper fat is removed.

• Use narrow-gauge cannulas. Narrow cannulas
are less likely to result in depressions, a
maneuver that is especially important in
superficial suctioning.

• Judge the endpoint of liposuction by the 
preoperative goals and intraoperative findings. 

Tumescent Technique

Anatomic areas undergoing liposuction or excisional
surgery should be infiltrated with a dilute solution
of lidocaine and epinephrine before the start of
surgery. Infiltration of large volumes of dilute 
lidocaine and epinephrine provides the following
benefits:

• Decreased blood loss
• Decreased need for systemic anesthetic agents,

including postoperative narcotics
• Decreased need for intravenous fluids
• Facilitation of passage of the cannula through

tissues
• Facilitation of the use of ultrasound-assisted

liposuction

The following recipe for tumescent solution is
both safe and effective:

Figure 1 • Access incisions and cannula positions for lipo-
suction of the posterior aspect of the body.
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• There should be a visible diminution in
contour, along with a reduction in pinch thick-
ness. In addition, as preoperative target
volumes are reached or changes in the quality
of the aspirate are encountered, liposuction
should be terminated.

If in doubt, it is better to remove less tissue because
overresection is more difficult to correct than under-
resection.

Aftercare

During the first 2 days after liposuction, large
amounts of blood-tinged fluid drain from the incision
sites. Patients should prepare their bedding and fur-
niture with protective sheets. Patients undergoing
small to average volume removal (<2500 mL) are
usually able to return to sedentary work activities
within 4 to 5 days. Treatment of multiple operative
areas and removal of larger volumes require a more
prolonged recovery. Patients undergoing large-
volume liposuction (>5000 mL) usually remain

overnight in the hospital and usually require 7 to 10
days before return to normal daily activities. Vigor-
ous sports are not resumed until 3 weeks after
surgery.

Patients undergoing calf and ankle liposuction
benefit from strong support hose for 6 weeks to
decrease swelling of the distal end of the lower
extremity. Compressive garments in other anatomic
areas do not influence the final result but may speed
recovery.

Excisional Body Contour Surgery

Excisional body contour surgery consists of various
types of abdominoplasty and thigh lift. Abdomino-
plasty of the anterior abdominal wall is the most 
frequently performed excisional body contour pro-
cedure, but circumferential abdominoplasty and
abdominoplasty combined with thigh-hip-buttock
lifts have been performed with increasing frequency

Figure 2 • Access incisions and cannula positions for liposuction of the abdomen and anterior thigh.
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in recent years. An ever-increasing overweight pop-
ulation and new techniques and acceptance of
obesity surgery are generating large numbers of
patients who have undergone massive weight loss.
These patients frequently have excess skin that
requires excision. Even more commonly, serial preg-
nancies can result in stretched, excessive skin on the
anterior abdominal wall with an underlying abdom-
inal diastasis.

Abdominoplasty

Multiple variations of abdominoplasty can be per-
formed, depending on the precise anatomic location
of the skin and fascial laxity.

ANTERIOR ABDOMINOPLASTY. Preoperative mark-
ing is performed with the patient standing. The
anterior midline is marked from the xiphoid to the
anterior labial commissure. A curving, low trans-
verse incision line is marked so that the low point
of the planned incision is at the midline, 5 to 7 cm
cephalad to the anterior labial commissure with the

skin on strong stretch. The incision line curves lat-
erally and cephalad and ends near the anterior
superior iliac spines. The umbilicus is outlined as a
longitudinal ellipse measuring 2 to 2.3 mm with the
long axis vertical (Fig. 4).

A Foley catheter is placed after induction and
intubation. After tumescent infiltration, the umbili-
cus is sharply circumscribed and left on a stalk
attached to the anterior abdominal wall. The skin is
incised through subcutaneous tissues to the deep
fascia. The skin and subjacent fat are elevated from
the lower part of the abdomen to the xiphoid, with
sparing of the umbilicus. The abdominal muscula-
ture is tightened with a permanent midline suture
to approximate the left and right rectus muscles and
close any midline diastasis. The umbilicus is deliv-
ered through a midline incision in the abdominal
flap.

Important technical details include the following:

• Wide undermining of the lower (infraumbilical)
central and lateral aspects of the abdomen to
mobilize maximum skin for excision

• Undermining in the upper part of the abdomen
(supraumbilical) confined to a relatively
narrow midline area to preserve blood supply
to the distal abdominal flap

• Use of adjunctive liposuction in areas that are
not undermined to achieve maximum fat
removal

• Closure of the superficial fascial system
(Scarpa’s and Camper’s fasciae) under tension
with multiple permanent sutures so that the
skin is approximated without tension

Figure 3 • Access incisions and cannula positions for lipo-
suction of the lower extremity.

Costal margin

Umbilicus

Planned
location of
final scar

Excision
of skin and

subcutaneous fat

Direct
undermining

Suture plication
of diastasis recti

Discontinuous
undermining

Figure 4 • Anterior abdominoplasty incision markings and
extent of dissection. In the figure shown, excision extends
beyond the midlateral lines. Excision may also extend to pos-
terior areas to perform circumferential abdominoplasty or ante-
rior abdominoplasty in conjunction with a lower body lift (see
Fig. 6).
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• Placement of the neoumbilicus in the midline
at an appropriate height (usually 2 to 3 cm
cephalad to a horizontal line between the high
points of the iliac crests)

CIRCUMFERENTIAL ABDOMINOPLASTY. Patients
with skin excess and laxity extending into the flanks
and the posterior aspect of the trunk benefit from
circumferential abdominoplasty.

Preoperative marking is performed with the
patient standing. The anterior midline is marked as
for anterior abdominoplasty. The posterior midline
is marked from the midthorax to the natal cleft (Fig.
5). Left and right midaxillary lines are also marked.
Vertical lines halfway between the posterior midline
and the midaxillary lines are outlined bilaterally.
On the anterior trunk vertical lines are drawn
midway between the anterior midline and the
midaxillary lines in the areas of the anterior supe-
rior iliac spine (see Fig. 5).

The amount of excess skin is estimated by pinch
in the lateral and posterior areas of the trunk above
and below the planned incision line. Estimates are
also made of the width of excision on the lower
anterolateral aspect of the trunk. The pinch esti-
mates determine the cephalad and caudal extent of
the skin excision (Fig. 6; see also Fig. 5). Although
the actual extent of excision is determined at the
time of surgery, the planned excision lines are useful
guides in performing the operation and maintaining
symmetry.

A Foley catheter is placed and the operative sites
infiltrated with tumescent solution. With the patient
in the supine position, the anterior abdominal dis-
section is performed as described for anterior

abdominoplasty. With the table slightly flexed, a
midline incision is made in the anterior abdominal
flap to the estimated point of excision. A temporary
suture is used to secure the midline of the incised
upper abdominal flap to the midline just above the
symphysis pubis.

The table is taken out of the flexed position, the
patient is turned into the left lateral decubitus posi-
tion, and an axillary roll is placed. A padded, ster-
ilely draped Mayo stand is placed beneath the right
knee and lower part of the right leg to maintain
slight hip abduction.

The previously made incision in the anterior of
the abdomen is continued around the trunk to a
position approximately 8 cm beyond the posterior
midline. Skin-subcutaneous flaps are dissected in a
cephalic and caudal direction. The level of dissection
is between the superficial and deep layers of the
superficial fascial system. Excess skin is excised and
closure accomplished in layers with nonabsorbable
sutures through the superficial layer of the super-
ficial fascial system. The skin is closed without
tension with an absorbable intracuticular suture.
Closure extends from the right anterior superior
iliac spine to beyond the posterior midline.

The patient is turned to the opposite lateral decu-
bitus position, and the identical procedure is carried
out.

The patient is returned to the supine position.
The operating room table is flexed slightly, and
excess skin from the anterior abdominal region is

Superior 
extent of
incision

Planned 
location of
final scar

Inferior extent of
excision for
lower body lift

Inferior extent of
incision for
circumferential
abdominoplasty

Figure 5 • Posterior incision markings for a lower body lift
(patient’s left) and circumferential abdominoplasty (patient’s
right).

Figure 6 • Pinching and lifting of skin to demonstrate excess
skin laxity of the buttocks and thigh. This maneuver simulates
the benefit of a lower body lift.
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or contour irregularities. They may be pre-
vented by using smaller cannulas and deeper
aspiration planes. Overresection should be
avoided.

• Excision surgery has a higher rate of compli-
cations than does liposuction, including bleed-
ing, infection, and seroma.

• Check frequently for seromas in the first few
weeks after surgery. Once the diagnosis is con-
firmed by aspiration, small seromas (<20 mL)
can be left to resorb spontaneously. Larger
seromas should be treated aggressively with
open, dependent surgical drainage. A suction
catheter should be inserted in the seroma
cavity and left in place until full absorption of
the fluid has occurred and the seroma cavity is
obliterated.

• The risk for flap necrosis and wound dehiscence
is increased with smoking, extensive under-
mining, previous surgery, or closure under
tension.

• Aggressive tightening of the rectus sheath may
compromise the patient’s respiratory reserve.

• Pulmonary thromboembolism is the most
feared complication of abdominoplasty and
excisional body lifts. Risk factors include
history of obesity, multiple procedures, and
lengthy operations. Lower extremity pneu-
matic compression boots should be worn for
prophylaxis.
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excised. Anterior closure is as described for anterior
abdominoplasty.

Thigh Lift

Lateral thigh lifts, also termed lower body lifts, are
performed in much the same way as circumferential
abdominoplasty. The planned incision lines (and
scar) are lower than the circumferential abdomino-
plasty incision lines in the lateral and posterior
aspects of the trunk to facilitate removal of thigh
and buttock soft tissue (see Fig. 5). The patient’s
lower extremities are separated by bolsters to create
maximal abduction at the hip, with the feet sepa-
rated by as much as 3 feet and the angle between
the thighs kept as wide as 45 degrees. This type of
positioning permits excision of widths of skin in
excess of 20 cm over the lateral lower torso–lateral
thigh–buttock region.

Medial thigh lifts are rarely necessary because
lateral thigh lifts combined with anterior abdomino-
plasty usually tighten the medial thigh skin 
as well as the lateral thigh skin.

Postoperative Care

Abdominoplasty patients remain in the hospital for
24 to 72 hours after surgery; thigh lift patients
remain 48 to 96 hours. Patients are encouraged to
ambulate short distances while in the hospital.

All patients are kept in a semi-Fowler position
(about 20 degrees of hip flexion) while in the hospi-
tal. Thigh lift patients have pillows placed between
their legs to maintain abduction during the post-
operative period. Intermittent compression devices
applied in the operating room remain on the legs
until the patient is fully ambulatory. Foley catheters
are removed 1 to 2 days after surgery. For thigh lift
patients, Jackson-Pratt suction drains placed deep
to the lower abdominal flap are removed on the date
of discharge. Voiding and bowel movements are 
performed from the partially standing position.

Pearls and Pitfalls

• Aesthetic complications are the most common
in liposuction and include surface depressions



Congenital urogenital deformities can be broadly
categorized into four groups: (1) hypospadias, (2)
epispadias and bladder exstrophy, (3) ambiguous
genitalia, and (4) cloacal abnormalities. Although
common etiologic threads run through all four con-
ditions, the deformities are complex in their origins
and treatment. The most common of the anomalies,
hypospadias, occurs in approximately 1 in every 300
live male births in Western countries, with a strong
familial propensity. Moreover, the incidence of
hypospadias in the United States appears to have
increased in recent years.

Surgical repair of hypospadias has implications
for treatment of all of the aforementioned congeni-
tal malformations. This chapter concentrates on
hypospadias, identification of its various compo-
nents, and surgical correction of those components.
Mastery of the techniques required to repair
hypospadias enables the surgeon to understand the
complex nature of all urogenital anomalies and to
appreciate the intricate skills necessary to achieve
functional and aesthetic success.

Etiopathogenesis

No single etiologic factor has been identified as 
the cause of all forms of hypospadias. Endocrine,
genetic, and environmental influences have been
investigated and implicated in the development of
hypospadias in the fetus. Endocrine pathways
involving the effects of progesterone, luteinizing
hormone, and follicle-stimulating hormone on devel-
opment of the penis have been studied. Defects in
testosterone biosynthesis have been identified in
association with hypospadias. In addition, absence
of the frenular artery has led to speculation of a vas-
cular cause of hypospadias. Maternal exposure to
certain drugs, pesticides, and toxins such as poly-
chlorinated biphenyls (PCBs) has been linked to the
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rise in incidence of hypospadias. In vitro fertiliza-
tion and maternal vegetarianism have also been
implicated.

A familial history of hypospadias leads to a three-
fold or greater incidence of hypospadias in male off-
spring. Genetic studies have demonstrated several
allele loci associated with hypospadias.

Despite the various possible etiologic factors,
hypospadias remains a largely sporadic malforma-
tion. Consequently, predisposing factors play only a
minor role in the treatment algorithm of this
common congenital anomaly.

Pathologic Anatomy

Hypospadias is a defect that occurs from an abnor-
mality in development of the urethral plate. Proxi-
mal hypospadias (25%) develops as a result of
failure of tubularization of the urethral plate at the
11th week of fetal development, whereas the more
common glanular hypospadias (75%) is due to
abnormal development of the distal fetal urethra at
16 weeks.

Although hypospadias refers to ectopic ventral
placement of the urethral meatus, it is frequently
accompanied by penile chordee and a dorsal hood
foreskin. Penile chordee is the ventral curvature of
the penis resulting from hypoplasia of the ventral
urethra and corpus spongiosum. The penis is teth-
ered by attachments of the hypoplastic tissue, which
can occur in both the skin and the underlying ure-
thral plate attachments to the corpora cavernosa.
Dorsal hood foreskin is a deficiency in the ventral
foreskin with a relatively normal dorsal portion that
gives the glans a hooded appearance.

The three abnormalities constituting the constel-
lation of anatomic findings often occur together.
However, each may occur as a single finding or in
association with one of the other abnormalities. It is
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not uncommon to identify penile chordee without
hypospadias or a dorsal hood foreskin. Similarly,
hypospadias and a dorsal hood foreskin may occur
without evidence of chordee. Proximal, rather than
distal, hypospadias is more commonly associated
with the presence of the other two deformities.

There have been many attempts to categorize 
the severity of hypospadias. An anatomic descrip-
tive terminology is preferred: glanular, subcoronal,
midshaft, penoscrotal, scrotal, and perineal. This
classification system provides a visual method 
of describing the various degrees of hypospadias
(Fig. 1).

Diagnostic Studies

Diagnostic studies have a limited role in the man-
agement of hypospadias. The anatomic issues are
visible and external. However, there is an increased
incidence of associated urologic anomalies, particu-
larly in the most proximal hypospadias varieties. It
is not unreasonable to obtain a screening renal and
bladder ultrasound on infants born with proximal 
hypospadias.

Penoscrotal

Scrotal

Perineal

Midshaft

Subcoronal

Glanular

Normal

Figure 1 • Various forms of hypospadias.
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Reconstructive Goals

The reconstructive goals are:

1 Placement of the meatus at the tip of the glans
2 Correction of ventral angulation of the penis

(chordee)
3 Creation of a normal-appearing, circumcised

penis

Treatment

Surgical repair of hypospadias has been attempted
since the 19th century, with a wide range of out-
comes. More than 300 types of repair have been
described in the literature, a fact suggesting that no
single method has achieved universal acceptance
and success without complications. It is also indica-
tive of the anatomic variations that call for different
surgical approaches. Successful repair of hypo-
spadias requires imagination, surgical skill, and
experience.

During the initial patient evaluation, the parents
should be urged to avoid circumcision because the
foreskin plays an important role in the eventual
repair.

Chordee Repair

Correcting chordee begins with degloving the penile
shaft skin to the base of the penis at the level of
Buck’s fascia. Degloving often adequately corrects
all chordee, particularly with distal hypospadias.
When chordee persists, the urethral plate should be
dissected and elevated from the corpora. A distinct
urethral plate may not be identified. In such cases,
fibrous bands along the corpora must be resected to
straighten the penis. Despite all surgical efforts,
chordee may persist and necessitate dorsal corpo-
real plication.

Urethroplasty

The primary goal of urethroplasty is to advance the
urethral meatus to the tip of the glans. Once the
penile chordee has been corrected, the distance
between the native meatus and the glanular tip
increases. Various surgical methods have been
developed either to advance the urethral meatus or
to create a neourethra that can be added to the
native urethra. The procedure of choice depends on
the preference of the surgeon and the location of the
native urethral meatus.

MEATAL ADVANCEMENT AND GLANULOPLASTY.
Meatal advancement with glanuloplasty (Fig. 2) was
created to advance the urethra distally without

actually performing urethroplasty. It is applicable
only for the distal type of hypospadias.

After the penile skin is degloved, a longitudinal
incision is made in the urethral plate in the ventral
midline from the distal end of the native meatus to
the tip of the glans. The incision is closed in a trans-
verse direction with 7–0 Vicryl sutures and the
meatus advanced distally. The separated glanular
halves are approximated in the ventral midline so
that they surround the advanced urethra. The glan-
ular tissue is closed with 6–0 Vicryl suture while
avoiding suture placement in the glanular epithe-
lium to prevent obvious scarring. The penile shaft
skin is reapproximated to the coronal cuff with fine
catgut suture.

Although this repair avoids many of the compli-
cations accompanying formal urethroplasty, the aes-
thetic results are often less than desirable.

MEATAL-BASED URETHROPLASTY. More proximal
hypospadias requires the creation of a neourethra
that will reach the distal end of the penis. If, after
correction of the chordee, the distance to be bridged
is moderate and the urethral plate is intact, a
meatal-based urethroplasty (Fig. 3) is an excellent
option.

A longitudinal skin flap is created on the ventral
surface of the penis by incising the skin on both sides
of the meatus proximally. The length of the flap
should be slightly longer than the distance from the
meatus to the tip of the penis. Parallel incisions are
carried distally along the urethral plate, extending
to the glanular tip. Dissection into glanular tissue
on both sides of the urethral plate creates glanular
flaps that are used to cover the neourethra. The
meatal-based flap is raised off the penile shaft and
advanced distally, where it is sutured to both sides
of the urethral plate with 7–0 Vicryl suture. A No.
6-French Silastic catheter is placed into the bladder
and left as a stent. The glanular flaps are sutured
to each other in the ventral midline with 6–0 Vicryl
suture to cover the neourethra. The distal flap is
sutured to the glanular tip with fine catgut sutures.

PREPUTIAL FLAP URETHROPLASTY. The most
proximal hypospadias defects require a urethro-
plasty longer than can be created by a meatal-based
flap. To satisfy this requirement, a vascularized
preputial flap can be created and transposed ven-
trally as an onlay graft (if an adequate urethral
plate is present) or as a tubularized neourethra (if
there is not an adequate urethral plate) (Fig. 4).

The penile shaft skin is circumferentially incised,
leaving a coronal cuff. If an adequate urethral plate
is present, it is left intact, dissected off the corpora,
and left attached to the urethral meatus proximally.
The dissection often corrects the chordee. A
preputial graft is created by incising a transverse
rectangular flap on the undersurface of the dorsal
hood foreskin. Care is taken to avoid damage to the
vascular pedicle, which is dissected proximally to
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Figure 2 • Meatal advancement and glanuloplasty. A, An incision is made from the native meatus
to the tip of the glans, which is closed transversely. The penile skin is degloved. B, The ventral flap
is raised and brought distally. C, The glanular flaps are brought around the neourethra. D, The inci-
sions are closed.
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Figure 3 • Meatal-based urethroplasty. A, The meatal-based flap must be slightly longer than
the distance from the native meatus to the tip of the glans. B, The meatal-based flap and glanu-
lar flaps are elevated. C, The meatal-based flap is advanced distally on the ventral side of the
neourethra. D and E, The glanular flaps are brought around the neourethra.
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Figure 4 • Preputial flap urethroplasty. A, The ventral incisions are outlined. B1 and B2, The preputial flap is elevated
and based on the dorsal blood supply. C1 and C2, The preputial flap is brought ventrally and used to reconstruct either
the ventral portion (C1) or the entire urethra (C2). D and E, The glanular flaps are brought ventrally and the incisions closed.

the base of the penis. The graft is brought to the
ventral surface. If a urethral plate is present, the
graft is trimmed and used as an onlay flap and
sutured to both sides of the plate with 7–0 Vicryl.
The graft is tubularized around a No. 6-French
Silastic catheter if there is no urethral plate. The
graft is then anastomosed to the proximal end of the
meatus with 7–0 Vicryl suture. The graft is either
tunneled through the glans to the tip or enclosed
within glanular flaps. The preputial graft is sutured
to the glans with fine catgut sutures. The catheter
is left in place as a stent.

TWO-STAGE PROCEDURE. Most hypospadias
repairs are completed in one stage. Occasionally,
however, a two-stage repair is indicated (Figs. 5 and
6). The first stage consists of correcting the penile
chordee and transposing the dorsal foreskin to the
ventral surface. After several months are allowed for
neovascularization of the transposed foreskin, a ure-
throplasty is performed with the redundant ventral
skin.

HYPOSPADIAS CRIPPLE. When confronted with a
failed hypospadias repair, the options for creating a
neourethra are limited. Buccal mucosa can be used
as a urethral graft. Skin and bladder mucosa have
also been described as urethral substitutes,
although both have led to significant long-term com-
plications.

Skin Coverage

Adequate skin coverage is often a difficult, but
important part of the hypospadias repair. Byar’s
flaps are created by incising the remaining dorsal
foreskin longitudinally (Fig. 7). The flaps can be
brought onto the ventral surface to cover the
denuded area. An attempt should be made to cover
the neourethra before the skin flaps are approxi-
mated. Subcutaneous tissue from the dorsum can
often be used as coverage. On occasion, the
neourethra can be buried between the corpora cav-
ernosa. Optimal coverage helps to decrease the
occurrence of urethral fistula formation.



Congenital Deformities —— 431

U
ro

g
en

ital R
eco

n
stru

ctio
n

Glans under
foreskin

Glans brought
through incision

Periscrotal
urethral meatus

Redundant
skin

Incision in
dorsal hood

Dorsal view

Ventral view

A

B

C

Figure 5 • First stage of a two-stage approach. A, Planned dorsal incisions and elevation with correction of the chordee. B,
Glans delivered through the incision. C, Flaps brought ventrally to provide tissue for the second-stage repair.
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Figure 6 • Second stage of a two-stage approach. A, Banked flaps tubularized to form the neourethra. B, Neourethra tun-
neled through the glans.
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Figure 7 • Use of dorsal skin to provide improved ventral coverage. A, Incisions B, Eleva-
tion of Byar’s flaps. C, Flaps brought ventrally and inset.
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Postoperative Care

Almost all current hypospadias repairs can be per-
formed as ambulatory procedures. However, precise
parental instruction and detailed postoperative edu-
cation are necessary. Urinary catheters are left in
place and parents are taught a double-diapering
technique in which the catheter is placed through a
hole in the first diaper and rests in a second diaper.
This maneuver prevents the repair from being
bathed in urine until the catheter is removed.

Postoperative medication includes oxybutynin to
prevent bladder spasm and prophylactic antibiotics;
both are discontinued after the catheter is removed.

A simple bio-occlusive dressing is applied after
the procedure. The dressing is usually removed 3 to
4 days postoperatively and the catheter 7 to 10 days
postoperatively.

Complications after hypospadias repair are
common and occur in up to 20% to 30% of all 
cases. The most common complications include the
following:

1 Urethral fistula
2 Meatal stenosis
3 Urethral stricture
4 Urethrocele
5 Persistent chordee
6 Glanular dehiscence

Pearls and Pitfalls

• Hypospadias repair is an extremely technically
challenging procedure. When poorly planned or
executed, it can lead to disastrous results. 

• Ensure adequate length and width of the ure-
thral graft. Inadequate length produces meatal
regression and stenosis. Inadequate width
leads to stricture and graft breakdown. 

• Multiple layers of coverage over the graft
prevent urethral fistulas. 

• Glanular flap elevation must be extensive to
eliminate the possibility of tension on the
suture line and subsequent glanular dehis-
cence.
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The external genitalia and perineum are unique.
They are one of the few midline structures of the
body, and they have specialized anatomy and func-
tion that allow for both urination and sexual activ-
ity. In addition, the external genitalia’s structure
and function are intimately connected to an indi-
vidual’s self-image and sexuality. Physicians treat-
ing patients who have sustained genital injury need
not only to be well versed in the specialized anatomy
and function of these structures but also to be sen-
sitive to the inevitable psychological trauma that
most patients experience after such injury.

Treatment goals are best accomplished by having
a multidisciplinary team, including plastic sur-
geons, urologists, and psychologists, involved in
each phase of treatment.

Etiopathogenesis

The findings in patients with genitourinary injury
are variable. Injuries range from simple lacerations
to blunt straddle injuries or severe penile avul-
sion/amputation injuries (Table 1).

Causes of blunt perineal trauma include assault,
falls, bicycle accidents, and motor vehicle accidents.
An example of blunt penile trauma is a penile “frac-
ture,” which usually requires an erection at the time
of injury and is almost always caused by traumatic
intercourse. Patients can have either frank fracture of
the corpora cavernosum (Fig. 1) or hematoma of the
penile shaft without corporal disruption. Blunt
trauma to the female perineum is uncommon and may
occur secondary to bike accidents and sexual assault.

Penetrating injuries may be caused by gunshot
wounds, knives, or other sharp objects. It is impor-
tant to obtain a complete history and ascertain the
direction or trajectory of the penetrating object.
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Patient Assessment

After life-threatening and other serious injuries
have been addressed on primary and secondary
surveys of the traumatized patient, assessment of
the perineal injury should be performed. Whether
evaluating acutely injured patients or those with a
posttraumatic deformity, the surgeon should be able
to answer questions such as the following: What
structures if any are missing? What structures if
any are displaced or damaged? Is it possible to
replace normal parts back to their normal position?
Do structures have evidence of vascular compromise
or insufficiency? Is vascular repair or replantation
indicated?

Diagnostic Studies

Preoperative studies may include a retrograde 
urethrogram for urethral injuries, a cystogram for
bladder injuries, and an intravenous pyelogram for
renal or ureter injuries. Rigid sigmoidoscopy should
be performed if rectal injury is suspected. Computed
tomography is an important diagnostic study to
identify injuries of the urinary tract and to evaluate
concomitant pelvic and abdominal injuries. Plain
films of the pelvis may reveal pelvic fractures, which
can, in turn, suggest injury to the urethra. In cases
of severe pelvic trauma, an arteriogram may be 
necessary both to identify injury and to delineate
potential recipient vessels for reconstruction. Intra-
operative ultrasonography and other diagnostic
studies may be used to monitor corpora cavernosum
blood flow, as well as help to predict the erectile 
function of the injured penis.
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Reconstructive Goals

Two fundamental concepts should be understood
with respect to all reconstructive options: quantita-
tive deformities and qualitative deformities. Quan-
titative deformities are defined by the specific

anatomic and functional abnormalities caused by
the injury. Qualitative deformities are those that
may not cause functional impairment, but rather
cause emotional and psychological turmoil.

Although the idealized goals of genital recon-
struction are to reestablish normal function and
appearance, this is not always possible. It is 
important for the reconstructive surgeon to under-
stand the limitations of surgery and have realistic
goals. The surgeon needs to present this information
to the patient and together determine a prioritiza-
tion list of potentially achievable goals. There are
some patients whose primary goal is to be able to
urinate in a normal fashion. In many male patients,
standing to void is an extremely important function,
especially in certain work environments, as well as
in some social situations. Other patients prioritize
sexual function as the most important function to
reestablish. Some patients have an overwhelming
psychological need to “just have something there.”
This is true for both genders, whether it be the sem-
blance of a vulva and not necessarily a functional
vaginal orifice in a female or a nonfunctioning sem-
blance of a penis and scrotum in a male.

Treatment

The vital perineal structures likely to be injured in
trauma include the penis, urethra, scrotum, and 
testicles in men and the vulva and urethra in women.
The vagina is only rarely injured with trauma, and
therefore its reconstruction is not discussed. It
should be pointed out, however, that with vaginal
injury or posttraumatic vaginal deformity or stric-
ture, standard regional skin flaps cannot generally
be used because of their bulkiness, unlike recon-
struction after vaginal extirpation for cancer.

General Principles of Reconstruction

Resurfacing extensive areas of skin cicatrix of the
perineum and genitalia is a challenge. When the
undesirable scar is not extensive and is adjacent to
adequate normal skin, tissue expansion is a reason-
able technique of obtaining qualitatively normal
skin with minimal donor site deformity. However,
expanders in the perineal region tend to be associ-
ated with a high complication rate. In addition, it 
is mechanically difficult for patients to tolerate the
“bulge” of an expander in the perineum because it
interferes with clothing, walking, sitting, and
normal daily activities. An alternative to expansion
of adjacent flaps is expansion of full-thickness
grafts. This technique allows for large full-thickness
skin grafts to be harvested with minimal donor site
morbidity.

Tightness, webbing, and distortion of the nor-
mally mobile male genitalia result from a lack of
skin. Vulvar injuries with subsequent webbing may

TABLE 1 Common Causes of Genital and

Perineal Injuries

Blunt trauma
Contusions
Penile fracture

Penetrating trauma
Avulsion injuries
Compressive trauma
Bite injuries
Iatrogenic trauma
Burn injuries

Scald
Flame
Electrical
Chemical

Frostbite
Self-inflicted injuries (psychiatric)

Figure 1 • Penile fracture after blunt trauma.
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compromise normal sexual activity and cause diffi-
culty with urination. If there is pliable, relatively
normal adjacent skin, one of the transposition (Z-
plasty, W-plasty, etc.) or advancement (V-Y) flap
techniques may be used (Fig. 2). This technique
works best if normal tissue can be interposed to
“break up” the scar contracture. When normal 
adjacent skin is not available because of extensive
scarring, adequate contracture release may not be
possible with local flaps alone. Additional skin graft-
ing is frequently necessary to fully correct the con-
tracture or webbing.

The ideal time for contracture release is after
active contraction is complete and maximum scar
maturation has occurred, usually at least 6 months
and up to 2 years after injury. On occasion, early
contracture release may need to be performed
because of severe functional disability.

Penile Reconstruction

Posttraumatic reconstruction of the penis is gener-
ally directed toward correction of deformities caused
by scar contracture or tissue loss. The scar contrac-
ture may occur via extrinsic contracture; however,
more commonly, intrinsic contracture occurs. Simple
extrinsic contracture of the penis may lend itself to
Z-plasty or surgical release and grafting of the adja-
cent tethered skin. Intrinsic contracture of the penis
may result from injury and subsequent scarring of
penile skin, dartos fascia, Buck’s fascia, tunica
albuginea, or the corpora themselves. The resultant
scar causes the penis to deviate from its normal
straight vector when it becomes tumescent. Treat-
ment is similar in concept to that of secondary
hypospadias repair or Peyronie’s disease. The basic
principle is to release the scar tissue by surgical inci-
sion or, in selected cases, by excision. If the injury is
superficial, local flaps or skin grafts are adequate. If

the cause is a deficiency or scarring of Buck’s fascia
or the tunica albuginea, an autogenous dermal graft
may be necessary to reconstruct this layer. Plication
of the tunica (Nesbit tuck) on the convex side of a
penile bend may be helpful in some patients with
mild lateral bending. The resultant scarring from
burn injury of the penis frequently gives the illusion
that it is severely foreshortened or absent. The penis
may have retracted into pubic fat or become teth-
ered as a result of scar. Releasing the scar, grafting
the skin defect on the penile shaft, and remov-
ing some fat from the mons usually improves this
deformity.

With complete or nearly complete penile loss,
total reconstruction should be considered. For more
than 6 decades, many penile reconstructive tech-
niques have been described in which tissue from the
torso and extremities was used. Ideally, the recon-
structed penis should be aesthetically acceptable
with a shaft of adequate length and simulation of a
glans. It should have close to normal tactile and
erogenous sensitivity. Its girth should be adequate
for placement of an erectile prosthesis but not too
large to preclude sexual intercourse. The recon-
structed penis should include a neourethra that has
the potential to be anastomosed to the patient’s
residual native urethra, thus allowing the patient to
stand to void through a meatus in the glans. The
reconstructive technique that best fulfills the ideal
criteria is the neurosensory radial artery forearm
free tissue transfer. The thin flap incorporates a vas-
cularized neourethra by fashioning a “tube in a
tube.” Coapting the antebrachial cutaneous nerves
to the stump of the penile or pudendal nerves allows
for the development of protective and erogenous sen-
sation. Its design allows for insertion of an erectile
prosthesis, but it is not usually as bulky as other
reconstructive options. The forearm donor site is
generally covered with a skin graft. Subtotal penile

A B

Figure 2 • A and B, Double opposing Z-plasty to reduce severe postburn perineal webbing.



438 —— Posttraumatic Deformities of the Perineum

reconstruction may also be managed by radial
forearm free tissue transfer, with the proximal
stump of the native penis serving as the base for the
flap. It should be noted, however, that placement of
an erectile prosthesis affects functioning of the
remaining corpora.

Urethral Reconstruction

Injuries involving the urethral meatus may cause
stenosis. Mild stenosis can be treated by repeated
dilatation. Stenosis unresponsive to dilation may
require Z-plasties or other flap interdigitation of
adjacent skin into the constricting band. Distal ure-
thral loss may be repaired by using the principles 
of hypospadias surgery (see the chapter “Congenital
Urogenital Deformities”). Modifications may be 
necessary, depending on the availability of foreskin
and the amount of adjacent scarring.

The techniques of more proximal urethral recon-
struction continue to evolve. Many methods of
restoring urethral continuity and establishing a
normal urethral lumen have been devised. Various
autologous grafts and local/regional flaps allow
dependable long-term results to be achieved,
depending on the quality of the recipient bed. Scar-
ring from previous surgery or trauma may preclude
the use of local or regional flaps. In addition, recon-
structing the proximal end of the male urethra may
push the limits of some of these techniques. When
grafts and regional flaps are inappropriate, inade-

quate, or unavailable, free tissue transfers may be
the best option. A tailored intestinal free tissue
transfer should be considered for the treatment of
extensive urethral abnormalities when the only
alternative is chronic supravesical diversion (Fig. 3).
The decision regarding which of the various
methods available to use for urethral reconstruction
must be individualized. Factors used in choosing the
appropriate option include the location and dimen-
sion of the injured or diseased urethra, the quality
of the urethral bed, the availability of local or
regional tissue, and the quality and availability of
distant tissue.

Scrotum and Vulva Reconstruction

The scrotum and vulva are derived from the same
embryologic tissue. The differences are basically
that the scrotum descends further than the vulva
and fuses to form the median raphae and the vulva
forms the vaginal introitus. In addition, the testicles
migrate down to fill the scrotum. Reconstruction is
guided by what tissue is injured or lost. If only skin
is lost, skin grafts can be used successfully. Small to
moderately sized skin defects may be treated con-
servatively by allowing the wounds to heal by sec-
ondary intention. The skin of the scrotum is quite
forgiving in that large areas of loss frequently heal
by wound contraction to produce a satisfactory
result. If deeper tissue is destroyed, a semblance of
either a scrotum or vulva may be reconstructed with

Tailored jejunal free flap

Scrotum

Urethrojejunal
anastomosis

Prostate

Bladder

Microvascular
anastamosis

(femoral vessels)

Monitoring segment

Figure 3 • Jejunal free tissue transfer. The mesenteric vessels are anastomosed to the
femoral vessels. The proximal jejunum is tapered longitudinally to allow for end-to-end
anastomosis with a proximal urethral remnant. A distant segment of jejunum is exterior-
ized for postoperative flap monitoring.
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regional flaps, usually derived from the skin sup-
plied by the pudendal artery system (Fig. 4). A sem-
blance of testicles may be created with the fat of the
pudendal artery flaps or with the use of silicone
prostheses.

Pearls and Pitfalls

• Reconstruction of the perineum should be
guided by using the basic principles and con-
cepts of plastic and reconstructive surgery and
by having intimate knowledge of the regional
anatomy and recognition of what tissue has
been lost or injured.

• Other than revascularization, replantation,
urinary tract restoration, and techniques for
wound closure, reconstruction should generally
wait until the patient has recovered from the
initial injury, not infrequently at least 3 to 6
months.

• The main drawback of using the radial forearm
free flap for penile reconstruction is the
unsightly donor site. This deformity can be
improved by using a thick split-thickness skin
graft to close the donor wound.

• Virtually all penile prostheses erode through
the skin if inserted in an insensate flap. Devel-
opment of protective sensation is important 
to minimize the chance of pressure necrosis.
Adequate sensation to protect against erosion
generally requires 6 to 9 months.

• It is important that the patient and family have
realistic expectations. The limitations of recon-
struction should be discussed with the patient
during the acute phase of care and should be
continued throughout the reconstructive
process. The dialogue should include discussion
of the expected appearance, as well as urinary
and sexual function.
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A B

Figure 4 • A and B, Bilateral medial thigh flaps based on the pudendal artery system may be used for scrotal reconstruction. The
subcutaneous fat of the flaps may give the impression of a normal scrotum with contained testicles.
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Reconstruction of a vaginal defect is a difficult chal-
lenge, not only because of the complex anatomy
involved but also because of the significant emo-
tional, psychological, and sexual implications. In
addition to the standard reconstructive goals of
obtaining a closed wound, obliterating dead space,
and providing healthy vascularized tissue, the
surgeon must create a sensate, functional vagina
that is capable of sexual intercourse while exter-
nally resembling normal female genitalia. These
goals require a team approach, including a plastic
surgeon, gynecologist, psychiatrist, and sex 
therapist.

Congenital Vaginal Agenesis

Reconstruction of a congenitally absent vagina
requires the creation of a stable, lined space between
the bladder and rectum. Split-thickness skin grafts
have been used by surgeons as far back as the late
19th century. To minimize the inevitable contracture
of the split grafts, Sadove and Horton have
described the use of full-thickness skin grafts. Skin
grafting procedures should be delayed until the
patient has the motivation to comply with a postop-
erative stenting and dilation regimen. These proce-
dures should be performed at as young an age as
possible to allow normal psychosexual development.

The authors’ preferred technique is that of full-
thickness skin grafts (Fig. 1). First, a space must be
created between the bladder and rectum. Full-thick-
ness skin grafts should be harvested bilaterally
either from the lateral (hairless) groin crease or
from a lower abdominal crease. The skin grafts
should be sutured together over a stent. Many stents
can be used for supporting vaginal skin grafts,
including condoms stuffed with foam, cotton or
gauze sponges over Xeroform, or even commercially

available adjustable vaginal stents. An inferiorly
based, inverted “V” incision is made in the introitus.
The “V” flap is sutured inside the newly created
space, followed by insertion of the stent covered with
the skin grafts sutured together. The outer edges of
the graft are sutured to the “V” flap and the remain-
ing opening of the introitus. A suprapubic tube is
recommended to avoid erosion into the urethra as a
result of pressure from the stent.

After 5 days, the first stent change is performed
under anesthesia. Subsequent dressing changes can
be performed without anesthesia. A regimen of daily
stent changes, sitz baths, and douching is prescribed
for approximately another 3 to 4 weeks. After the
first month, a nighttime dilator is used to maintain
the space for an additional 2 to 3 months.

Although graft contraction is certainly dimin-
ished by using full-thickness grafts, there is still
some contraction of the neovagina over time if the
space is not maintained by either a dilator or fre-
quent intercourse. In patients not compliant with a
dilation regimen, the introitus can contract signifi-
cantly and make it difficult to introduce a small
dilator. For these patients, we have designed a
custom-made dilator with a tissue expander. It can
be introduced even through a very small opening,
followed by gradual inflation of the expander with
saline injections. If necessary, labial sutures can be
placed to hold the expander in place.

Acquired Vaginal Defects

The vast majority of acquired vaginal defects requir-
ing reconstruction result from surgical resection for
malignancy. The defect created is often large, and
many of the patients receive postoperative radia-
tion treatment; therefore, flaps are generally recom-
mended over skin grafts. Cordeiro and colleagues
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created a classification system for vaginal defects
and generated an algorithm to assist in the selection
of an appropriate flap. In general, for small or partial
vaginal defects, a fasciocutaneous flap based on the
pudendal artery (Singapore flap) is recommended,
whereas for larger defects, often associated with
pelvic exenteration, a myocutaneous flap (either the
rectus abdominis or bilateral gracilis) is preferred.

Singapore Flap

The Singapore flap, first described by Wee and
Joseph and later modified by Woods and coworkers,
is a fasciocutaneous flap based on the posterior
labial arteries. The flap can remain at least partially
sensate based on innervation from pudendal nerve
branches, as well as branches of the posterior cuta-
neous nerve of the thigh.

This posteriorly based flap is centered over the
medial thigh crease just lateral to the labia majora
(Fig. 2). The flap measures 15 ¥ 6 cm with the long

A

B

Figure 1 • Full-thickness skin graft technique. A, Full-
thickness skin grafts from both groins sutured together. 
B, Insetting of the tubed skin grafts.

A

B

C

Figure 2 • Singapore flap. A, Bilateral island flaps centered
over the medial thigh crease. B, Insetting of the flaps. C, Post-
operative view of the donor site scars.



Vaginal Reconstruction —— 443

U
ro

g
en

ital R
eco

n
stru

ctio
n

Figure 3 • The Woods modification of the Singapore flap. Note that the inferior edge of the flap is not divided. Instead, the labia
are released and allowed to retract anteriorly. (From Woods JE, Alter G, Meland B, Podratz K: Experience with vaginal reconstruction
utilizing the modified Singapore flap. Plast Reconstr Surg 90:273, 1992.)

axis parallel to the medial thigh crease. The flaps
are elevated in an anterior-to-posterior direction
and include the deep fascia of the thigh adductors.
The medial, lateral, and anterior incisions are
extended through the skin, subcutaneous layers,
and deep fascia of the thigh adductors. A posterior
incision is extended through skin and subcutaneous
tissue to create an island flap. The island flap 
is rotated approximately 90 degrees and passed
through a tunnel deep to the labia majora. In Woods
and colleagues’ modification, however, the posterior
margin of the labia majora is released; there is no
posterior skin incision (Fig. 3). The labia are allowed
to retract anteriorly and the flaps are rotated into
position. In both techniques, the flaps are sutured
together and inserted into the defect, with the apex
of the flaps sutured to the sacrum (in total exenter-
ation defects) or to any other pelvic structure. The
patient is kept in bed postoperatively with the
thighs adducted for at least 2 to 3 weeks.

The island flap technique (Wee and Joseph) has
the advantage of better-positioned scars and thus
more normal-appearing labia. There is a slight risk
of flap loss because of the potential for external pres-
sure at the base of the flaps from the tunneling. The

Woods modification allows for a more reliable flap,
but with a somewhat distorted appearance of the
labia. The authors generally prefer the island flap
technique; however, the Woods modification should
be considered in patients who are at an increased
risk for wound complications.

The main advantages of the Singapore flap are that
it provides sensation to at least the anterior portion
of the flaps and does not require an abdominal inci-
sion. The major disadvantage is that it does not
provide a large amount of bulk and may therefore not
be appropriate for pelvic exenteration patients.

Rectus Abdominis Myocutaneous Flap

For large pelvic exenteration defects, the first choice
for reconstruction is the rectus abdominis myocuta-
neous flap. Based on the inferior epigastric artery, it is
extremely reliable and can also provide a large amount
of bulk with minimal donor site morbidity (Fig. 4).

A vertically oriented elliptical skin island is
designed over the proximal half of the muscle start-
ing approximately 5 cm below the costal margin and
extending to a position 3 cm below the umbilicus.
The skin island should be 10 to 12 cm wide. The
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A

B

Figure 4 • Rectus abdominis myocutaneous flap. A, The
pelvic defect after tumor resection. B, The flap tubed to form
the neovagina.

remainder of the rectus abdominis can be exposed
through a midline incision or paramedian incision.
The entire anterior rectus fascia should be taken
with the muscle at the level of the skin island, but
distally the muscle should be elevated through an
incision in the midline of the rectus sheath to spare
the fascia. It is usually unnecessary to disengage the
muscle from its pubic attachment because such
attachment can be helpful in avoiding undue tension
on the vascular pedicle.

The anterior rectus donor fascia defect can occa-
sionally be closed primarily in patients with relaxed
abdominal walls. Alternatively, the cephalic edge of
the anterior rectus fascia, which has been closed pri-
marily caudal to the skin island, can be sutured to
the posterior rectus fascia because the skin island is
cephalad to the linea semicircularis. This technique
allows primary fascial closure, which can be rein-
forced by an onlay polypropylene mesh. The skin can
be closed primarily with undermining.

The skin island is tubed to form the neovagina by
suturing the medial, lateral, and caudal skin edges
together and leaving the cephalic edge open to be
sutured to the remaining perineal skin. The flap can
be transposed into position by either tunneling
under the skin or connecting the abdominal incision
to the pelvic incision. Multiple closed suction drains
should be placed in both the donor site and the 
recipient site to obliterate dead space and prevent
seromas. The patient is kept in bed postoperatively
(with the thighs adducted) for at least 2 to 3 weeks.

Although the rectus abdominis myocutaneous
flap is very reliable and can provide a large amount
of healthy tissue for the wound, it has the obvious
disadvantages of being insensate and requiring
abdominal incisions.

Gracilis Myocutaneous Flap

Because use of the rectus abdominis is not always
feasible, an alternative reconstructive option is that
of bilateral gracilis myocutaneous flaps based on the
ascending branch of the medial circumflex femoral
artery, a branch of the profunda femoris (Fig. 5). The
flap has the disadvantage of having a somewhat
unreliable skin paddle, particularly in overweight or
elderly patients with loose and redundant medial
thigh skin. Nevertheless, it is still a reasonable
option for vaginal reconstruction in patients in
whom more bulk is required than can be provided
by a fasciocutaneous flap or in whom the rectus is
unavailable. Furthermore, this flap should be
strongly considered in patients who have had their
ablative surgery performed through a perineal 
incision only because eliminating abdominal inci-
sions decreases the risk for pulmonary complications.

The gracilis is palpated (from the pubis to the
medial tibial tubercle) and marked with the patient
standing upright to be certain that the skin island
is centered over the muscle. The patient is placed in
the lithotomy position, and the vascular pedicle is
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Figure 5 • Unilateral gracilis myocutaneous flaps. A, Preoperative view showing a partial vaginal defect. A Singapore flap was
not possible because of extension of the defect onto the medial aspect of the thigh. B, Markings for the gracilis myocutaneous
flap. “X” marks the public tubercle and the double lines mark the vascular pedicle. C, The flap being rotated into position. 
D, Postoperative view showing a healed wound and patent neovagina.
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identified by Doppler and marked on the skin. The
pedicle usually enters the muscle 8 to 10 cm below
the pubic tubercle. The skin island, which can be
used only over the proximal two thirds of the
muscle, measures approximately 6 ¥ 15 cm. The
muscle is elevated distally to proximally. Several
minor vascular pedicles originating from the super-
ficial femoral artery must be divided. The distal inci-
sion is made, and the muscle is identified and
divided. The skin island is incised down to the deep
fascia of the thigh, and the fascia is elevated until
the edge of the gracilis is visualized. The dermis
should be sutured to the fascia edge temporarily
during elevation to avoid unintentional undermin-
ing of the flap. The muscle should be elevated to the
level of the dominant vascular pedicle. It is gener-
ally not necessary to release the origin of the muscle
for insetting of the flap.

The flaps are tunneled beneath the skin of the
medial thigh crease and sutured to one another,
with the most anterior edge left open. The flaps are
inset into the defect. The open edge of the skin
island is sutured to the remaining perineal skin.
Postoperative care is similar to that for the rectus
abdominis flap.

Advantages of this flap include a sufficient
amount of bulk for most exenteration defects and
avoidance of abdominal incisions. Disadvantages
include large medial thigh scars, an insensate flap,
and relatively unreliable skin islands.

Pearls and Pitfalls

• Most cases of congenital vaginal agenesis can
be managed by full-thickness skin grafts, pro-
vided that the patient is able to comply with
the prolonged process of dilation and stenting.

• In the case of acquired defects, which are most
often a result of tumor ablation, the defect is
generally too large for a skin graft, and a flap
is required.

• For smaller defects, the Singapore flap is the
best option because of its ability to maintain
partial sensibility.

• Patients with pelvic malignancy require soft
tissue bulk that is best provided by insensate
myocutaneous flaps. The rectus flap has a
much more reliable skin island and is generally
the first choice.

• Many postexenteration patients already have
an abdominal incision. In patients without an
abdominal incision, the gracilis myocutaneous
flap is a satisfactory option.

• With the gracilis flap, the surgeon must keep
in mind the large medial thigh scars, as well as
the relative unreliability of the attached skin
islands.

• It should be noted that the use of bowel to
reconstruct the vagina, either as a sigmoid loop
or as a free jejunal segment, has been described
and should be kept in mind as an alternative
method. Bowel is not the preferred choice of the
authors because of patient complaints about
excessive mucus formation and odor. In addi-
tion, it does not provide adequate bulk for large
defects.
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This chapter reviews the etiopathogenesis and
anatomic pathology of unilateral cleft lip, outlines
the goals for reconstruction, and highlights proven
treatment methods, both nonsurgical and surgical.
Cleft lip patients have varying degrees of deformity
ranging from notching of the lip to complete clefting
of the lip and primary and secondary palate. As a
surgeon evaluates a cleft lip patient, the degree of
deformities must be identified and differentiated;
only then can a treatment plan be formulated for
correction of the individual problem.

Etiopathogenesis

The cause of unilateral cleft lip is multifactorial.
Genes, drugs, and environment are contributing
factors; yet no clearly defined causal relationship
has been identified. There is a strong genetic role
with an increased incidence of cleft lip in certain
racial groups (from approximately 1 in 500 in Asians
to 1 in 2000 in African Americans); however, no 
specific culprit gene has been detected. In some
patients, clefts are seen as part of a syndrome, but
these are the minority (approximately 13%) because
most represent sporadic cases. When combined with
cleft palate, it is more likely (approximately 40%) to
be part of a syndrome.

Study of the embryology of cleft lip clearly estab-
lishes it as a deficiency state, and the degree of
deformities must be individualized so that a treat-
ment plan for correction of individual problems can
be devised. 

The deficiency in tissue is complicated by malpo-
sition of the anatomic components that are present.
Interposition of the tongue in the cleft by the fetus
widens the cleft and produces many of the deformi-
ties that occur.
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Pathologic Anatomy

It is mandatory that the surgeon identify the soft
tissue and skeletal deformities associated with a
cleft so that each of the following deformities may
be addressed in the repair:

1 Displacement of Cupid’s bow with deficiency of
the vermilion (see Fig. 1)

2 Shortened lip on the cleft side
3 Shortened columella on the cleft side
4 Aberrant insertion of the orbicularis in the

nasal base
5 Malformed lower lateral cartilage with a

depressed dome and flattened lateral segment
6 Lateral and outward rotation of the alar base
7 Webbing of the alar base
8 Deficient vestibular lining
9 Dislocation of the septum out of the vomer

10 Outwardly rotated premaxilla and retroposi-
tioned lateral maxilla

Microform or Fusiform Clefts

These deformities are the mildest versions of cleft
lip. Frequently, parents will see these clefts as a
minor problem and expect full correction with
minimal surgery. As a surgeon evaluates a cleft lip
patient, the degree of deformities must be identified
and differentiated. This type of cleft, which at initial
glance seems simple, shares many, if not all of the
anatomic features of complete clefts. The exception
is that these clefts often have minimal nasal defor-
mity, and thus better aesthetic results can be
achieved. The most important point is that the
shortened lip must be elongated and the correct

Unilateral Cleft Lip
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anatomic elements balanced. We prefer to treat
microform clefts with greater than 1-mm lip length
discrepancy in a manner similar to that of complete
clefts. A rotation-advancement flap (to be discussed)
provides the best aesthetic outcome.

Incomplete Clefts

Incomplete clefts have at least an intact nasal sill or
a Simonart band along the nasal floor. The impor-
tance of these clefts is that the maxillary deformity
is usually less severe. They are typically treated
with a rotation-advancement repair. The nasal
deformity is generally less severe than in a wide
complete cleft.

Complete Clefts

Complete clefts are those with clefting through the
entire lip and nasal floor, as well as clefting of the
maxilla up to the level of the incisive foramen. If
clefting extends beyond the incisive foramen, a cleft
palate is also present. However, complete clefts have
a wide variance of severity in the degree of separa-
tion and rotation of the alveolar segments. Thus,
more severe complete lip clefts, especially those with
a cleft palate, will be referred to as a wide complete
cleft lip. These clefts require more extensive treat-
ment, with surgical emphasis on realigning not only
the soft tissue but also the skeletal deformity.

Diagnostic Studies

Diagnostic studies for evaluation of cleft lip are
limited to tests needed for detection of possible 
syndromic cases. No specific tests are required for
additional diagnosis.

Goals of Reconstruction

The goals of repair of a cleft lip are correction of the
aberrant anatomy:

1 Balance Cupid’s bow.
2 Equalize the vertical height of the lip on the

cleft and noncleft sides.
3 Equalize the height of the vermilion on either

side of the repair.
4 Maintain an adequate philtral column and

dimple.
5 Equalize the length of the columella on the

cleft and noncleft sides.
6 Place scars in inconspicuous natural skin

lines.
7 Reestablish orbicularis function and orientation.

8 Reestablish a labiobuccal sulcus.
9 Balance and reposition the alar bases for

primary nasal reconstruction.
10 Elevate the depressed lower lateral cartilage.
11 Realign the maxillary segments.

Treatment

Nonsurgical

One of the challenges posed by complete clefts is 
the cleft of the maxilla. As described, the lateral
segment of the maxilla is usually rotated outward
with interruption of the dental arch. Therefore, one
treatment goal is to establish an intact maxillary
arch in preparation for future orthodontic work. To
this end, it is important, when possible, to convert
complete clefts to ones that are more surgically man-
ageable by presurgical orthodontic manipulation. In
general, the best cleft repairs are accomplished by
teams that include orthodontists committed to cleft
care and the fundamentals of presurgical manipu-
lation of clefts. As the skeletal framework of the pre-
maxilla is realigned into the correct orientation and
abutment, the orbicularis and other soft tissues like-
wise fall into alignment.

Presurgical intervention can consist of the fol-
lowing: simple elastic banding to align the maxillary
segments; acrylic molding plates, which are
adjusted weekly by adding and removing acrylic to
move the maxillary segments; screw-retained
acrylic devises, which, similar to molding plates,
realign the maxillary segments by weekly adjust-
ment; and nasoalveolar molding, which incorporates
a nasal strut on the molding plate to reshape the
malformed nasal cartilage while simultaneously
aligning the maxillary segments.

Surgical

Lip adhesion is a surgical technique that is also used
to achieve the aforementioned presurgical goals;
however, these procedures increase cost, do not align
the alveoli accurately, and produce scarring of the
lip tissue. When used in combination with palatal or
maxillary stents, lip adhesion can realign malposi-
tioned maxillary segments effectively if orthodontic
manipulation is not available.

Presurgical marking of a cleft lip is one of the
most important technical aspects and ensures the
most precise repair. It is best to use a finely sharp-
ened end of a wood cotton-tipped applicator dipped
in ink. Patience with marking is paramount, and no
degree of error should be tolerated when marking
the following structures (Fig. 1):

1 Midpoint of Cupid’s bow
2 High point of Cupid’s bow on the noncleft side
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3 Projected high point of Cupid’s bow on the cleft
side with the distance from 1 to 2 equal to the
distance from 1 to the projected high point on
the cleft side

4 The center of the columella
5 The columellar base on the noncleft side
6 The columellar base on the cleft side
7 The alar base on the noncleft side
8 The alar base on the cleft side
9 Projected high point of Cupid’s bow on the

lateral lip element

After the markings are made, the lip is infiltrated
with 1% lidocaine with 1:100,000 epinephrine via a
30-gauge needle.

Through the years, many methods have been
used for cleft lip repair. In modern cleft lip surgery,
the rotation-advancement technique, as described
by Millard, and its subsequent modifications serve
as the basis for the type of surgical repairs that yield
the best results and achieve most of the goals out-
lined earlier. The technique yields the most satis-
factory scars while lengthening the lip and closing
the wide nasal floor. Other methods, such as the tri-
angular flap, can produce consistent results and are
easier to learn and reproduce; however, they do not
yield the optimal results seen with rotation-
advancement repairs. The triangular repair has the
disadvantage of leaving noticeable scars, a flattened
Cupid’s bow, insufficient lip length, and a wide nasal
base.

The following modification of the extended
Mohler rotation-advancement flap is the authors’
repair of choice.

TECHNIQUE. An incision is made from the projected
apex of Cupid’s bow on the medial aspect of the lip
along the most lateral border (Fig. 2). The flap is ele-
vated from the muscular lip tissue and eventually
used as the inner surface of the lip medially. A
second incision is made from that same high point
of Cupid’s bow along the projected philtral column
on the cleft side to a point 2 mm above the base of
the columella. The incision is straight in orientation.
Under the columella, the incision is extended with
an oblique back cut at the columellar base. The back
cut allows downward rotation of the medial
segment. The C-flap (columellar-based flap) is liber-
ated. The skin on the medial portion of the lip is ele-
vated to the level of the philtral dimple, but not
beyond this line.

The first portion of the nasal repair is begun.
Through the opening at the columellar base, scissors
are used to dissect the nasal cartilage. First, the
medial crura are separated. Dissection is extended
over the dome on the cleft side, the septal angle, the
upper lateral cartilage, and the dome on the noncleft
side. The lower lateral cartilage on the cleft side
should be completely skeletonized, which is con-
firmed by freedom of elevation to an anatomic posi-
tion with a Ragnal retractor.

Attention is directed to the lateral lip segment.
An L-flap (laterally based flap) based on the lateral
nasal wall and not on the alveolus as initially
described is elevated (Fig. 3). A gingivobuccal
sulcus–piriform aperture incision is made and
extended to the underlying maxilla. Subperiosteal
dissection is performed to liberate the alar base for
medial movement. The L-flap is folded on itself to
fill the piriform aperture defect; the excess of the L-
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Figure 1 • Markings for unilateral cleft lip repair: 1, midpoint
of Cupid’s bow; 2, high point of Cupid’s bow on the noncleft
side; 3, projected high point of Cupid’s bow on the cleft side
with the distance from 1 to 2 equal to the distance from 1 to
the projected high point on the cleft side; 4, center of the col-
umella; 5, columellar base on the noncleft side; 6, columellar
base on the cleft side; 7, alar base on the noncleft side; 8, alar
base on the cleft side; and 9, projected high point of Cupid’s
bow on the lateral lip element.

C

I

Figure 2 • Elevated C-flap (C) and medial lip segment along
with the medial inner lip flap (I).
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flap is trimmed. A nasoseptal flap is elevated, and
the flap is sutured to the bend of the L-flap to close
the floor of the nose (Fig. 4).

The lateral lip element is prepared by elevating
the skin and subcutaneous tissue from the underly-
ing musculature. The mucosa is approximated to the
previously elevated medial inner lining, gingiva,
and sulcus, and the inner aspect of the lip is
repaired. The orbicularis is advanced and sutured to
the base of the columella (Fig. 5). The remainder of
the orbicularis is carefully aligned and repaired. The
vermilion is trimmed to achieve symmetry in height
of the vermilion on both sides of the repair. The two
projected high points of Cupid’s bow are approxi-
mated, and the vermilion and lower portion of the
lip are repaired (Fig. 6). The C-flap is rotated into

the defect created by downward rotation of the
medial aspect of the lip, and the excess is trimmed
(Fig. 7). The nasal floor is repaired.

Definitive nasal repair is performed. The
depressed lower lateral cartilage on the cleft side is
elevated and fixed with an asymmetrically placed
horizontal mattress suture. Placement of the suture
is critical because it is the main force that aligns 
the lower lateral cartilage. The suture enters the
cephalic portion of the dome on the cleft side lower
lateral cartilage, catches the upper lateral cartilage
on the noncleft side, enters the undersurface of the
lower lateral cartilage on the noncleft side, and exits

Area of
dissection

Area of
dissection

C

L

I

C

N L

I

PA 
(filled by L-flap)

C

O

I

N

C

Figure 3 • After elevation of the L-flap (L) with the previously
elevated C-flap (C) and the medial inner lip flap (I).

Figure 4 • The L-flap (L) has been folded into the piriform
aperture defect (PA) and sutured to the nasoseptal flap (N) for
closure of the nasal floor.

Figure 5 • Repair of the gingiva and labiobuccal sulcus and
partial repair of the orbicularis (O).

Figure 6 • After repair of the orbicularis and lower lip with
restoration of the high point of Cupid’s bow on the cleft side
(N), the C-flap (C) is been trimmed.
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at the proposed apex of the two domes. It passes into
the lower lateral cartilage on the cleft side, thereby
elevating the lower lateral cartilage and re-creating
a sharp nostril apex and nasal tip (Fig. 8). The
vestibular web is obliterated by another mattress
suture that passes from inside the nose out at 
the alar/cheek junction and reenters through the
same exit hole in the skin. It is tied inside the nose
to close the vestibular web. No bolsters or stents are
needed.

Postoperative Care

In the postoperative period, children are placed in
elbow restraints for several days. A syringe feeder is
used for feeding. Half-strength peroxide and saline
are used to clean the incision three times a day until
the scab is completely removed to facilitate suture
removal at 1 week. Sutures are removed under loupe
magnification with the aid of a papoose restraint
board. After the sutures are removed, the lip is
taped in compression for 5 additional weeks.

Pearls and Pitfalls

• The most common mistake in unilateral cleft
lip repair is marking Cupid’s bow too wide,

which makes downward rotation of the medial
segment difficult.

• The vermilion under an inaccurately placed
Cupid’s bow point is usually insufficient and
results in a whistle deformity.

• Presurgical nasoalveolar molding is an impor-
tant component of modern cleft lip repair and
allows primary correction of the lip, nose, and
alveolus.

• Postoperative taping for 5 weeks has resulted
in improved scar appearance.

SUGGESTED READINGS
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Figure 7 • The trimmed C-flap permits downward move-
ment of the medial rotation flap.

CULNCUL

NCLL CLL

Figure 8 • An asymmetric horizontal mattress suture is used
to elevate the dome and the lower lateral cartilage on the cleft
side (CLL). CUL, upper lateral cartilage on the cleft side; NCLL,
lower lateral cartilage on the noncleft side; NCUL, upper lateral
cartilage on the noncleft side.
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Bilateral cleft lip remains one of the greatest tech-
nical challenges for plastic surgeons, and this chal-
lenge is evident in the recent evolution of treatment
from several stages to a one-stage repair. With
recent advances, the results after bilateral cleft lip
repair can equal or approach those after unilateral
cleft lip.

Etiopathogenesis

The cause of bilateral cleft lip is multifactorial and
most likely similar to that of unilateral cleft lip, but
it is much less common in incidence and accounts
for approximately 10% of clefts. The incidence
among racial groups is similar to that for unilateral
cleft lip. There is, however, a higher incidence of
associated cleft palate (86% versus 68% for unilat-
eral cleft lip).

Pathologic Anatomy

It is useful to divide the anatomic abnormalities into
three components: nasal abnormalities, prolabial
abnormalities, and premaxillary malposition. The
repair should restore as many of the abnormalities
as possible to the normal anatomic state.

Nasal abnormalities:
Wide alar base with a laterally flared nasal valve
Orbicularis inserted into the nasal base
Flattened lower lateral cartilage with widely sep-

arated domes
Apparent short columella as a result of malposi-

tioned lower lateral cartilage
Fibrofatty deposit separating the domes

Prolabial abnormalities:
Vertically reduced upper lip
Absent orbicularis muscle
Absence of normal anatomic landmarks (Cupid’s

bow, philtral dimple and columns, white roll)
Absence of a true vermilion (buccal mucosa

instead of true vermilion)
No gingivobuccal sulcus
Absence of hair follicles

Premaxillary malposition:
Premaxillary protrusion on a vomerine stem
Loss of the normal dental arch

Bilateral cleft lips have varying degrees of abnor-
malities. They may range from partial or incomplete
on both sides to wide complete bilateral clefts.
Throughout this spectrum, the anatomic derange-
ments remain in varied degrees. Through knowl-
edge of the pathologic anatomy, the surgeon can
devise a plan to correct the abnormality.

Diagnostic Studies

Diagnostic studies for evaluation of bilateral cleft lip
are limited to tests required for the evaluation of
possible syndromic cases. No specific tests are
required for additional diagnosis.

Goals of Reconstruction

The goals of repair of a cleft lip are correction of the
aberrant anatomy. The ultimate goal should be
reconstruction of the lip so that it has normal shape
and appearance with the resulting scars resting in

Bilateral Cleft Lip
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natural lines and at the same time avoidance of 
disruption in growth of the maxilla and dental erup-
tion. In addition, the goals should ideally be accom-
plished in a single surgical procedure.

The following criteria further delineate the recon-
structive goals:

1 Reconstruction of a symmetric nose with ade-
quate columellar length and a narrow defined
tip

2 Closure of the lip with adequate height and
restoration of the orbicularis muscle

3 Creation of a normal-size philtrum complete
with philtral columns and dimple

4 Creation of a balanced Cupid’s bow with a
white roll and underlying normal vermilion

5 Establishment of a labiobuccal sulcus
6 Positioning of the premaxilla with reestablish-

ment of the dental arch
7 Placement of the scars in inconspicuous

natural skin lines

The paradigm shift in treatment of bilateral cleft
lip has been centered on reestablishment of normal
positioning of the nasal cartilage rather than the use
of skin flaps from the wide prolabium to elongate the
columella. Therefore, growth of the lower lateral
cartilage in a normal anatomic configuration main-
tains the surgical correction of nasal form instead of
flattening of the nasal tip as seen after skin-based
repairs.

Treatment

Nonsurgical

Bilateral clefts have a wide spectrum of manifesta-
tions. Simple incomplete bilateral clefts with
minimal notching of the lip and without involve-
ment of the nose or maxilla can be accurately
repaired in one stage by a variety of techniques.
More often, however, significant displacement of the
premaxilla precludes simple one-stage repair;
usually, something has to be done before definitive
lip repair—typically, a lip adhesion procedure. The
goal of lip adhesion is to pull back the protruding
premaxillary segment and close the gap in the lip to
allow for tension-free repair. This procedure places
scars in areas that are not critical for the definitive
repair and allows the tension across the premaxilla
to narrow the gap. The lip adhesion procedure can
be extremely effective and, when used with a
guiding appliance, can reliably close the wide gap
and allow for tension-free lip repair.

More recently, it has been shown that all of these
goals can be accomplished without the drawbacks of
the additional scarring and inflammation associated
with a surgical intervention. With the use of

molding plates, the premaxilla can be accurately
reduced to reestablish a normal dental arch and
close the wide gap. Moreover, with the addition of
nasal extensions, these goals can be accomplished at
the same time that the nasal correction is nonsur-
gically initiated. The columella can be elongated and
the vestibular lining expanded.

The advantages are obvious, but nasal molding
also has its drawbacks. The process is time con-
suming and requires a motivated family, as well as
a trained orthodontist or professional dedicated to
cleft management. It should be initiated as soon as
the child is born. There is significant time and cost
associated with the technique; however, it possibly
decreases the need for secondary surgery when com-
bined with primary gingivoperiosteoplasty (which is
still experimental at this time) and thus may be
cost-effective in the long run.

Surgical

Presurgical marking of bilateral cleft lip is as impor-
tant as that for unilateral cleft. There is, however,
more freedom in that the entire anatomy is to be
recreated and liberty can be taken within certain
restraints (as in philtral width). Points are tattooed
with a 30-gauge needle dipped in ink (Fig. 1):

1 The midpoint of Cupid’s bow at the depth of the
prolabium

2 The high points of Cupid’s bow on the pro-
labium, two points 2.5 mm on either side of the
midpoint of Cupid’s bow, with hemicircles con-
necting the points to mimic a Cupid’s bow

3 The alar bases
4 The high point of Cupid’s bow on the cleft sides;

they must be equidistant from the alar bases
and the lip kept as short as possible while still

Fibrofatty
deposit

Lateral
crus

Medial
crus

2.0 to
2.5 mm

Figure 1 • Markings for bilateral cleft lip repair.
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allowing a lateral turndown flap equal in size
to the hemicircles

After the markings are made, the lip is infiltrated
with 1% lidocaine with 1:100,000 epinephrine.

The new philtrum is outlined. The lines should
extend to a point just lateral to each base of the col-
umella. They should be made slightly lateral to the
columellar base because the transfixion sutures
used for closure will later narrow these points even
more as the prolabial skin is recruited to the col-
umella. On the lateral elements, a line is drawn
from the high point of Cupid’s bow along the border
of the cleft toward the nose. This line is connected
with a horizontal line to the alar base point. The
turndown flap must be designed such that the hemi-
circles created in the lateral part of the vermilion
equal the hemicircles in the new Cupid’s bow of the
prolabium. All skin incisions are incised. The lateral
lip elements are prepared by elevation from the
underlying muscle for a short distance. The turn-
down flaps are fully freed through the substance of
the lip. The turndown flaps should be kept bulky to
create a slight pout in the midline.

The lateral flap, or “L” flap, is elevated from the
medial margin off the underlying muscle of the
lateral lip elements (see Figs. 3 and 4 in the chapter
“Unilateral Cleft Lip”), as performed for repair of
unilateral cleft. The flap is based on the lateral
nasal sidewall; it fills the piriform aperture defect
and closes the floor of the nose after being sutured
to a septal flap.

An incision is made over the piriform aperture,
and supraperiosteal dissection is performed to allow
the lateral portion of the lip to advance toward the
midline. In cases without presurgical orthodontic
management, more undermining is needed. The
medial edge of the “L” is sutured to the skin at the
junction of the alar and piriform aperture defect, and
the remainder of the “L” flap is hinged on itself to
completely fill the piriform aperture defect. The tip
of the “L” flap is trimmed. The medial edge of the “L”
flap is brought across the floor of the nose to a small
septal flap to complete the closure of the nasal floor.

The buccal mucosa, based on the alveolus, is ele-
vated off the prolabium. This flap should be kept
thin and is trimmed and anchored to the periosteum
at the new height of the gingivobuccal sulcus. The
tip of the mucosa of the lateral lip elements is
sutured to the height of the gingivobuccal sulcus. By
anchoring these elements to the periosteum, the
height of the gingivobuccal sulcus is firmly estab-
lished. The remainder of the inner lip mucosa is
repaired. The orbicularis is also repaired and
anchored to the periosteum at this location to
further set the height of the sulcus and prevent
downward migration. Muscle pennants from the
area of the alar base should be repaired in the area
of the absent anterior nasal spine to create a
smooth, natural nasal sill and give a firm base for
the footplates of the medial crura to rest.

The incision in the prolabium is continued up the
membranous septum. Elevation of the prolabial flap
is continued under the medial crura such that the
crura are raised with the prolabium. The superior
surface of the domes is fully dissected (Fig. 2). The
dissection should be continued fully to the alar rim.
Alar rim incisions can be made to facilitate dissec-
tion of the domes (and suturing of the domes, which
is described later). The alar rim incisions are
helpful, but can be avoided as experience with the
procedure is gained. The complete dissection serves
two important functions. It elevates the fibrofatty
deposits from the domes and enables advancement
of the lower lateral cartilage to recreate a sharp tip
and elongate the columella. It should be noted that
the fibrofatty tissue is not removed because of poten-
tial injury to the blood supply to the prolabium.

After the nasal cartilage has been fully dissected,
the nasal repair can be performed. A horizontal mat-
tress suture advances the lower lateral cartilage in
a lateral-to-medial direction and creates sharp
dome-to-dome contact (Fig. 3). It also adds nasal tip
projection and elongates the columella. Advance-
ment is possible only if the lower lateral cartilages
have been liberated, and dome-to-dome approxima-
tion is possible only if the fibrofatty tissue has been
elevated from between the domes. The horizontal
mattress suture is passed directly through the
mucosa at the desired new tip point (usually 3 mm
lateral to the columellar nasal junction) and back
through approximately 2 mm superiorly (see Fig. 3).

Medial
crura

Figure 2 • Elevation of the prolabial flap and dissection of the
lower lateral cartilage. The fibrofatty tissue is completely freed
from the lower lateral cartilage but is not removed to avoid
decreasing the blood supply to the prolabial flap.
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Care should be taken to avoid inclusion of fibrofatty
deposits in this suture. The transfixion incision is
closed with transfixion sutures, and the medial
crura are advanced up the septum. The medial foot-
plates are set on top of the repaired muscle pennants
to give firm support to the tip and ensure that the
gained projection will be permanent.

Often, there is significant excess lateral prolabial
skin. Strips of the lateral skin can be deepithelial-
ized to serve as bulk to create philtral columns. A
small amount of undermining of the prolabium is
needed to create the bulk and give the impression of
a philtral dimple. The remainder of the skin is closed
(Fig. 4). Occasionally, a small amount of excess skin
is present at the nasal sill and should be excised.

The vestibular webs are obliterated by passing a
mattress suture from inside the nose out at the alar-
cheek junction and reentering through the same exit
hole in the skin. The suture is tied inside the nose
to close the vestibular web.

Postoperative Care

In the postoperative period, children are placed in
elbow restraints for 5 weeks. A syringe feeder is used
for nourishment. Half-strength peroxide and saline
are used to clean the incision three times a day until
the scab is completely removed to facilitate suture
removal at 1 week. Sutures are removed under loupe
magnification with the aid of a papoose restraint
board. After the sutures are removed, the lip is
taped in compression for 5 additional weeks.

Pearls and Pitfalls

• The prolabium should be kept narrow because
a wide prolabium leaves an unnatural 
appearance.

• The lower lateral cartilages must be liberated
to be advanced, and the fibrofatty tissue must
be elevated from between the domes to allow
intimate approximation of the domes. This
technique allows the cartilage to be reposi-
tioned and creates a defined tip with adequate
projection.

• The nose often appears short with an over-
rotated tip at the conclusion of the procedure;
however, the appearance of the nose im-
proves as the child grows provided that the
lower lateral cartilages have been properly
repositioned.
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Orbicularis
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 2.5 mm

Figure 3 • Horizontal mattress suture used to reapproximate
the domes of the lower lateral cartilages.

Figure 4 • Final closure. The muscle is repaired under the
prolabial flap and anchored to the periosteum of the bone.
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Primary management of cleft lip and palate has
improved considerably over the past 30 years.
However, a large number of patients have secondary
deformities. They may be minor soft tissue problems
requiring simple repair or major bony dental and
soft tissue deformities requiring major orthodontic
and surgical rehabilitation. This chapter builds on
the previous two chapters dealing with unilateral
and bilateral cleft lip and nose repair. The goals of
secondary repair are the same as those of primary
repair: normality of form and function in all aspects
of the cleft deformity.

Unilateral Clefts

Pathologic Anatomy 

In unilateral cleft cases (Fig. 1), the nasal deformity
consists of the following:

1 Flattened, asymmetric nose
2 Hypoplastic and retruded bony paranasal

area and maxilla on the cleft side
3 Lateral and posterior displacement of the alar

base (accentuated by its attachment to the
periosteum of the maxilla)

4 Outwardly displaced and everted lower lateral
cartilage

5 Notching anterior to the midpoint of the alar
rim because of the position of the alar base
and the connections of the nasal mucosa to the
underlying hypoplastic and laterally displaced
lateral edge of the piriform aperture (Note: if
a hook is placed anteriorly on the nostril and
pulled, a tight band is seen intranasally that
extends from the alar rim to the edge of the
piriform aperture)

6 Wide, low, and unsupported nasal sill
7 Deviated bony and cartilaginous septum (the

vomer on the cleft side is absent)
8 Enlarged inferior turbinate (as a result of the

increased intranasal volume on the cleft side
caused by deviation of the septum and lack of
support for the nasal floor)

9 Constant regurgitation from the oral cavity
because of lack of bony support of the nasal
floor (or the floor may not have been repaired
in the primary procedure)

10 Internal nasal valve collapse, especially with
forced inspiration (because of lack of support
of the middle vault by the lower lateral 
cartilage)

In the preoperative assessment, two factors need to
be addressed: form and function. It is mandatory 
to identify the problems, determine which are the
most significant, and devise a plan to correct the
pathology.

If a nasal deformity is present, there is frequently
an associated lip deformity. The lip deformity may
result from the severe nature of the original cleft,
but it is usually due to a lack of correct muscle reori-
entation at the primary surgery. In a primary cleft
lip, the muscle of the lesser segment is attached to,
or close to, the alar base. Pulling on this segment of
the muscle everts the alar base and pulls it down-
ward. This phenomenon is seen in all unilateral
clefts, and its severity varies directly with the sever-
ity of the lip deformity and the hypoplasia of the
lesser segment of the maxilla. On the medial side of
the lip the muscle is absent, which results in the lip
being vertically reduced at the edge of the cleft.
There is hypoplasia of the medial edge of the alveo-
lus with absence of half of the nasal spine (Fig. 2).

The anatomic deficiency, if not corrected at the
initial repair, results in the following:

Repair of Secondary Cleft 
Lip and Nose Deformities

IAN T. JACKSON
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Figure 1 • Deformities of the nasal tip in a patient with cleft lip and nose. A, Devi-
ation of the nasal tip. B, Deviation of the nasal dorsum. The alar cartilage is tipped
caudally. C, The angle between the medial and lateral crura is more obtuse, and the
dome is displaced dorsally. Note the buckling of the lateral crus and deficiency of the
maxillary bone platform. D, The columella and caudal septum are deviated to the non-
cleft side. The septum on the convex side causes varying degrees of obstruction, as
well as a tendency toward bifidity. (From McCarthy JG [ed]: Plastic Surgery. Philadel-
phia, Saunders, 1990.)

1 A short lip
2 Deficiency of tissue directly under the repair
3 A mass of muscle tissue lateral to the lip scar
4 Deficient lip margin
5 Mismatch of the mucocutaneous area

Goals of Repair

PROBLEMS IN THE PRIMARY REPAIR. In the orig-
inal deformity, the maxilla is hypoplastic on the cleft
side with a defect in the dentoalveolus. The anterior
aspect of the maxilla is usually displaced laterally
by the cleft. On the medial aspect, the septum is
deviated to the noncleft side and the nasal spine is
absent. The “link” material is the periosteum. If the
periosteum is left in its original position, the soft
tissue and bone remain displaced. If the soft tissue
is elevated from the periosteum, bleeding occurs and
scar tissue is formed with a tendency for subsequent
displacement and deformity of the soft tissue.

What needs to be appreciated is that in the devel-
oping skeleton, subperiosteal dissection does not
form scar tissue—it forms bone. Consequently,
rather than deprecating subperiosteal dissection, it
should be advocated. In this way, the periosteal
envelope can be put into its correct position in asso-
ciation with correct positioning of the overlying soft

tissue. The defect that is formed under the alar base
can be filled with cancellous bone, thus correcting
the underlying deficiency in three dimensions. The
primary palate should be closed in two layers at the
same time as correction of the nasal defect. In addi-
tion, if indicated, a bone graft can be placed in the
alveolar gap.

This, of course, is the ideal situation and can 
be achieved if the advice just given is followed. 
Furthermore, extensive dissection of the lower
lateral cartilage is needed at the primary procedure
to place it in a symmetric position relative to the
normal side.

If this type of regimen is not followed in the initial
procedure, the typical deformity occurs and is
related almost directly to the severity of the initial
deformity. Asymmetry of the nose results largely
from hypoplasia of the cleft maxilla. The alar base
is displaced laterally and posteriorly, and the lower
lateral cartilage demonstrates its characteristic
deformity. Another interesting phenomenon can be
demonstrated if a hook is placed on the tip of the
nostril on the cleft side and an attempt is made to
make it symmetric with the normal side; a tight
band develops that leads from the deformed area 
of the lower lateral cartilage to the anterior part of
the cleft maxilla just medial to the alar base. This
problem can be corrected at the primary procedure
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by extensive subperiosteal dissection and release to
allow the base of the lower lateral cartilage to be
placed in its correct three-dimensional position.

If possible, a one-stage correction is planned;
alternatively, many prefer staged reconstruction. In
the majority of cases, orthodontic treatment is nec-
essary beforehand to place the segments of the den-
toalveolus in the correct position; such treatment
may expose a previously undiagnosed anterior
fistula. This is advantageous because wide fistulas
are easy to close whereas narrow fistulas are diffi-
cult. Although a cleft deformity is occasionally
repaired concurrently with performance of a LeFort
I osteotomy, it is more common to close and bone
graft the fistula before orthognathic surgery. The
nose can be repaired at the time of fistula closure 
or during the osteotomy. If necessary, the lip can be
corrected at the same time as the rhinoplasty 
procedure.

DIAGNOSTIC STUDIES. The external nose must be
examined carefully to note asymmetry, deviation,
and the sequelae of previous surgery. The patient 
is asked to inhale through the nose to observe 
evidence of internal valve collapse. A complete
examination with a headlight and speculum gives

information about the position of the septum and
the size and appearance of the turbinates. The
examination can be further enhanced, particularly
in terms of the posterior portion of the nose, with
the use of a nasoendoscope. The position of the bony
septum and the nasal floor can be assessed. Defects
in the floor can be confirmed by examination of the
hard palate.

If sinus disease is a concern, coronal computed
tomography provides all of the necessary informa-
tion. It also allows accurate assessment of septal
form and position, in addition to the size of the
turbinate, the shape and size of the nasal cavities,
and the position of the nasal floor. In some situa-
tions, airflow studies may be used to diagnose
airway problems.

Examination should include an estimation of the
extent of the deformity, the presence or absence of
airway problems, dental occlusion, and the position
of the alar base. All of these factors are clues about
what needs to be done surgically. It is important to
understand that in many patients, the primary
deformity of the nose remains but with no further
worries about growth. As in primary cases, the
maxilla, alveolus, nose, and lip are all involved to a
greater or lesser degree. If no additional surgery has

Figure 2 • Orbicularis oris abnormalities. A, The orbicularis oris fibers are misdirected in
this unilateral cleft lip with the formation of two orbicularis bulges, one on each side of the
cleft. B, After division of the fibers of the quadratus labii superioris muscle, the orbicularis
oris muscle is redirected and sutured. C, Similar misdirection is found in a bilateral com-
plete cleft. D, The fibers of the orbicularis oris are redirected and introduced into the pro-
labial segment in which muscle is sparse or absent. (From McCarthy JG [ed]: Plastic Surgery.
Philadelphia, Saunders, 1990.)
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been performed since the original repair, in many
ways a successful repair is much easier to achieve
because of less scarring and distortion of surgical
planes.

Surgery

The nose and anterior aspect of the maxilla on the
cleft side are infiltrated with 0.5% lidocaine (Xylo-
caine) and 1:400,000 epinephrine with or without
hyaluronidase.

When vasoconstriction is achieved, an incision is
made in the upper labiobuccal sulcus of the lesser
segment to examine the extent of the maxillary
hypoplasia. The subperiosteal dissection is extended
to the nostril rim, the nasal floor, and the nasal
spine. The dissection is extensive and should include
the anterior aspect of the maxilla, the defect of the
dentoalveolus, which may be complete or incom-
plete, and the nasal spine. This maneuver frees the
soft tissue and allows the alar base to move anteri-
orly and medially. Such dissection not only allows
repositioning of the displaced alar base but also 
provides access for bone grafting of the deficient
maxilla.

For patients with septal deviation, a vertical inci-
sion is made in the mucoperichondrium over the
caudal septum, and the perichondrium and the
periosteum of the septum are elevated widely ante-
riorly and posteriorly. The dissection is carried over
the caudal septum to elevate the contralateral
mucoperichondrial flap on the noncleft side. The
septum is elevated from the septal groove, and the
bony septum is completely freed of periosteum. If
the latter is deviated, it is removed. In the majority
of cases, the cartilaginous septum, whose position is
determined by the bony septum, immediately moves
into the correct position. A small amount of carti-
laginous septum is removed from its lower border to
keep it clear of the vomerine ridge. The septum now
becomes a “swinging door.” If the vomerine ridge is
large and displaced, it is removed. The septum, once
fully released, centralizes; scoring is almost never
required unless there has been severe trauma or
previous surgery.

For patients with the typical situation of
depressed lower lateral cartilage, a limited inter-
cartilaginous incision is made between the upper
and lower lateral cartilage. The lower lateral carti-
lage and the mucosa on the cleft side are delivered
over scissors and the cartilage dissected from the
mucosa. The deformed cartilage is trimmed on its
cranial edge and scored to normalize its position and
shape.

The lower lateral cartilage on the noncleft side is
delivered in the same way and trimmed. It is not
removed from the mucosa because it will form the
template to allow the cleft cartilage to be positioned
correctly. The cleft cartilage is sutured to the oppo-
site side to produce a symmetric tip. If necessary, a
graft from the normal lower lateral cartilage may be

placed and sutured to the anterior aspect of the cleft
lower lateral cartilage to enhance overall symmetry.
The bony nasal dorsum is exposed and rasped to
make it smoothly continuous with the cartilaginous
dorsum. In a severe unilateral cleft deformity,
conchal cartilage may be used to splint the lower
lateral cartilage. In addition, the nasal tip or
dorsum can be augmented with conchal cartilage. In
only a few situations, through and through sutures
may be used to hold the lower lateral cartilage in
position and tied over a gauze pledget on the skin
overlying the ala.

A Joseph knife is used to create bilateral tunnels
on either side of the nasal bones, notched osteotomes
are used to make lateral osteotomies, and nasal
bone infractures are performed.

It is not unusual to rasp the nasal dorsum to
achieve a smooth contour. The septal cartilage may
occasionally require dorsal trimming. The upper
lateral cartilage is trimmed on its anterior or dorsal
aspect; any removal of cartilage from the inferior
area, however, must be done with care. Overenthu-
siastic resection results in weakening of the nasal
valve mechanism and secondary airway problems.

Through and through quilting sutures are per-
formed on the septum, and the rim incisions are
closed. The nose is stabilized with tape and a splint.
The splint is left in position for 1 week. The patient
is advised to wear it at night to prevent trauma
during sleep.

Bilateral Clefts

It is unusual for a complete bilateral cleft of the lip
and the anterior aspect of the palate not to require 
secondary correction after primary repair. When
confronted with this deformity, it is best to place the
upper arch in its correct position by orthodontic
therapy and then proceed to bone graft the alveolus
bilaterally before any soft tissue or nasal correction
(see the chapter “Bilateral Cleft Lip”). In addition,
the anterior aspect of the maxilla requires augmen-
tation in almost every case, preferably as a separate
procedure after the dentoalveolar defect has been
treated. The procedure is performed in the same
way as in unilateral cases, and the laterally dis-
placed ala is repositioned at the same time.

In a bilateral cleft deformity, secondary revision
of the lip for aesthetic and functional deficiencies is
frequently required. There is no true vermilion on
the prolabial segment in bilateral cleft lips. Conse-
quently, the vermilion may be deficient in the
midline. Although this deformity can be improved by
V-Y advancement, a relatively simple procedure, it
is not ideal because wet mucosa is advanced to a dry
area and crusting of this region can occur. A pre-
ferred procedure is the Kapetansky vermilion flap
(Fig. 3), which consists of triangular island flaps
based on the orbicularis muscle that are transferred
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in a lateral-to-medial direction on a superior subcu-
taneous/submucosal pedicle. This technique aug-
ments the soft tissue medially and decreases bulk
laterally—exactly what is required.

In patients with central deficiency, an Abbé flap
may be used. This flap is frequently the most useful
procedure for correction of the overall deformity
because the lower lip is often recumbent in bilateral
cleft lip patients. An Abbé flap reduces the excess
lower lip and simultaneously augments the deficient
upper lip. Although this procedure can produce a
satisfactory result, it may not address the muscular
deficiency of the upper lip because the muscular
activity of an Abbé flap is variable. In most sec-
ondary bilateral cleft lips, the muscles are locked
into the lateral segments. The muscles, however, can
be dissected and reconstructed in the midline to
provide a normal muscular sling, which can be
covered with an Abbé flap consisting of skin and
mucosa—the sandwich Abbé flap (Fig. 4).

Secondary Bilateral Cleft Nasal
Correction

A bilateral cleft nose frequently remains flat and
unattractive, even if the lip repair has turned out
well. This problem is due mainly to the complexity
of the nasal deformity but also to hypoplasia of the
maxilla around the nasal area. The deformity can be
further accentuated by maxillary retrusion.

The sequence of events to correct the most sig-
nificant deformity is maxillary advancement with
bone grafting of the maxilla as required. This pro-
cedure gives a satisfactory skeletal platform or foun-
dation for the nose. Judgment has to be exercised

Figure 3 • Double “pendulum” flaps (island flaps with an
orbicularis muscle pedicle) to correct notching of the vermilion
border. A, Two lateral island flaps are designed. B, The island
flaps before being advanced centrally. C, Operation completed.
(After Kapetansky; from McCarthy JG [ed]: Plastic Surgery.
Philadelphia, Saunders, 1990.)

Figure 4 • Operative technique for a sandwich Abbé flap. 
A, Dissection of the orbicularis oris muscle. B, Elevation of the
Abbé flap. C, Transfer of the lower lip flap and insertion into
the upper lip. D, Sutures hold the flap in position. E, The flap
is divided after 10 days. (From Jackson IT, Soutar DS: The sand-
wich Abbé flap in secondary cleft lip deformity. Plast Reconstr
Surg 66:38, 1980.)
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regarding whether the nose should be corrected at
the time of maxillary surgery or at a later date; the
latter sequencing is preferred.

The columella frequently requires lengthening,
which is achieved by making bilateral rim incisions
and continuing on both sides of the columella. The
incisions are extended on the central area of the lip
to form a flap of the required length. The flap is ele-
vated and the incisions are continued into the col-
umella and nasal tip to provide an open approach so
that the lower lateral cartilages can be trimmed.
The cartilages are sutured together with a stacked
graft of septum or ear cartilage to increase tip pro-
jection and definition (Fig. 5). Nasal bone infracture
may provide a satisfactory dorsal nasal contour, but
in more deficient cases, an onlay bone graft is
required. The graft is inserted through a small
glabellar incision—a slot is cut in the bone and the

graft is held in position with a countersunk screw.
If a slot of adequate dimensions is cut in the frontal
process, the inferior edge acts as a point of leverage,
or cantilever, to determine the position of the tip.
When this technique is used, there is no need for
cartilage grafting of the tip because the dorsal aug-
mentation elevates the tip. Alternatively, cartilage
can also be used in cases requiring only mini-
mal dorsal augmentation (e.g., septal, ear, or rib 
cartilage).

Orthognathic Surgical Procedures

It is not uncommon to have older patients with
either unilateral or bilateral repaired clefts who
present with jaw disproportion. The maxilla is

Figure 5 • Central lip flap for columellar lengthening. A, Design of the incisions.
Note the position of the incision on the columella and inside the alar rims. B, Lip-
columellar flap elevated to expose the lower lateral cartilages. The latter are dissected
and sutured in correct position. C, Flap replaced in an advanced position and the lip
sutured. (From Jackson IT: Cleft lip and palate. In Mustarde JC, Jackson IT [eds]:
Plastic Surgery in Infancy and Childhood, 3rd ed. Edinburgh, Churchill Livingstone,
1988.)
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Pearls and Pitfalls

• Secondary surgery for cleft lip and palate
requires the expertise of an experienced and
well-coordinated clinical team. Failures and
complications are few when patients are
treated by surgeons and clinicians doing this
type of work frequently.

• It is important to identify both aesthetic and
functional problems associated with the cleft
nose deformity.

• Wide subperiosteal undermining allows for
repositioning of the ala and bone grafting of the
deficient maxilla.

• Iliac crest bone grafts remain the material 
of choice for alveolar and maxillary bony
defects.

• Occasionally, additional orthodontic therapy
and surgery may be necessary. Most tertiary
procedures are performed on the nose for resid-
ual aesthetic or functional problems.
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usually retruded, but in some cases the mandible
may be prognathic; the latter finding may be only
relative in relation to the position of the maxilla.

The patient is examined together with the ortho-
dontist; cephalograms and dental models are
obtained (see the chapter “Orthognathic Surgery”).
A joint decision is made regarding the preferred
osteotomy and preoperative orthodontic manage-
ment. If a fistula is present, closure is deferred until
after the orthodontist has achieved the desired
occlusion. The bony defect is subsequently grafted.
After the bone graft has become incorporated, the
orthognathic surgery is undertaken, ideally in a
single-stage procedure. If it is a single-jaw case, be
it maxilla or mandible, a LeFort I or sagittal split
osteotomy is performed to achieve the ideal occlu-
sion. With an intraoperative occlusal splint, the
osteotomy is plated and the maxillomandibular fix-
ation is removed. The endotracheal tube is discon-
nected, grasped from an oral approach, pulled into
the mouth, and reconnected. If desirable, it is now
possible to carry out safely the nasal correction
described earlier.

In two-jaw cases, an intermediate splint is used
to position the maxillary segment. A definitive splint
is subsequently applied to gain the final occlusion.
The maxillomandibular fixation is removed after the
sagittal split osteotomy and the tube is again
changed to an oral position, and the rhinoplasty or
septoplasty is performed.

On occasion, lip revision, with or without bone
grafting, is also performed. These procedures are
performed before the osteotomies, especially in sec-
ondary bilateral cleft procedures.

Performing the secondary surgery in this manner
reduces operating time, is more economical, and from
the patient’s point of view, reduces time off work or
school. 



Children with cleft lip and palate deformity require
a specialized interdisciplinary approach to their
many complicated problems. Currently accepted
protocols call for sequencing of treatment interven-
tions along a timeline extending from birth to adult-
hood. Such staging balances the needs of the patient
with the consequences of the intervention (i.e., max-
illary growth). The rehabilitation of dentition is a
critical component of this sequence and contributes
significantly to oral function, facial aesthetics, and
psychosocial development.

Etiopathogenesis

Clefting of the alveolar process is present in the
majority of patients with cleft lip and palate. A peri-
alveolar, oronasal fistula, commonly associated with
the bony cleft, communicates between the alveolus,
anterior hard palate, and floor of the nose. Early cor-
rection of the lip and palate fails to close the cleft
and oronasal fistula present at the alveolus. The
fistula can be a significant source of morbidity by
allowing the oral contents to pass into the nasal
cavity. Inspissation of food particles contributes to
poor oral hygiene, gingivitis, periodontitis, and early
dental caries in adjacent teeth. Permanent closure
of the cleft with bone grafting and local flaps effec-
tively eliminates these issues.

Goals of Reconstruction

The presence of the cleft destabilizes the maxillary
arch and predisposes it to medial collapse. Perma-
nent stabilization of the maxillary segments into a
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functional dental arch form is achieved by recon-
struction of the alveolus and anterior hard palate
with bone grafts. Effective alveolar bone grafting
also stabilizes the premaxilla of the bilateral cleft
with the lateral maxillary segments. In addition,
reconstruction of the alveolus is the cornerstone of
stabilizing the orthodontic movements required to
achieve and maintain normal occlusion throughout
the maxilla. Orthodontic expansion and correction
of the maxillary arch cannot be maintained unless
repair of the alveolar cleft is coordinated with the
desired orthodontic movements.

The teeth at the margins of the cleft are suscep-
tible to dental caries and early loss, especially in the
presence of oronasal fistulas, because of the tenuous
bony and soft tissue support around the margins of
the cleft. Grafting of the alveolus allows for ortho-
dontic movement of teeth in and about the cleft and
thus eliminates a dental gap and reliance on dental
prosthetics.

The roof of the cleft is the base of the nasal ala.
Bone grafts to fill the superior defect restore support
of the alar base. Lip projection and symmetry and
leveling of the slumped ala on the cleft side are also
improved by restoring this volume.

Timing

The ideal age at which to reconstruct the alveolus
remains controversial. Advocates of early proce-
dures (including primary gingivoperiosteoplasty
and primary bone grafting) argue that early cleft
correction allows early orthodontic alignment of the
teeth, correction of occlusion, and restoration of
facial aesthetic balance without interference with
subsequent maxillary growth. In contrast, a number
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of centers have documented that early intervention
causes later restrictions in maxillary growth. At
issue is the question of whether elevation of the
periosteum off the maxilla significantly retards later
appositional growth of the maxilla. Reports com-
paring the growth characteristics of patients treated
by primary bone grafting with other patients under-
going secondary bone grafting did not demonstrate
any significant growth disturbance. These findings
may eventually lead to changes in the manner in
which the alveolus is approached.

Others have advocated early correction of the
cleft alveolus with primary gingivoperiosteoplasty.
This procedure entails raising small gingivope-
riosteal flaps from the margins of the cleft before
eruption of the primary dentition. The procedure is
highly dependent on presurgical approximation of
the cleft margins via orthodontic molding. The com-
posite flaps are reported to induce neoosteogenesis
within the cleft, thus obviating the need for graft-
ing. By minimizing the size of the flaps, this proce-
dure may avoid growth disturbances in the
developing maxilla.

Growth issues aside, primary grafting has signif-
icant limitations. Graft harvest is more complicated
in a small child. Operating on the alveolus before
the time of primary dentition risks damage to the
developing tooth buds. Alveolar bone grafts placed
before the eruption of permanent dentition have a
tendency to resorb, and secondary grafting proce-
dures may be required. Primary procedures do not
seem to result in a significant reduction in the occur-
rence of oronasal fistulas, and their persistence
requires additional operations, thus negating to a
large degree the rationale underlying early correc-
tion of alveolar clefts. Therefore, until all data con-
cerning more radical approaches have been
analyzed, the alveolus should be reconstructed as a
secondary procedure at the time of mixed dentition
(early secondary grafting).

Maxillary growth and dental age are the pre-
dominant considerations in determining the timing
of alveolar reconstruction. Maxillary growth is com-
plete near the age of 8 years, whereas the maxillary
canine does not usually erupt before the age of 10.
Most surgeons agree that grafting should be com-
pleted before canine eruption to allow for eruption
of the tooth through the graft, thereby promoting
stability of the tooth.

The interval between the conclusion of maxillary
growth and eruption of the permanent canine allows
time for preoperative orthodontic movement of the
maxillary segments and complete alveolar recon-
struction. The intervention is coordinated with the
dental age of the patient and begins after eruption
of the first molar. The maxillary arch can be
expanded to normal dimensions, a maneuver that
often widens the cleft. Alignment and occlusion are
maximized during this period, which usually takes
4 to 6 months. Bilateral clefts may require addi-
tional time if significant posterior movement of the

premaxilla is necessary. Coordination of orthodontic
therapy with surgery is required because expansion
and alignment are inherently unstable until recon-
struction proceeds. After grafting, the reconstructed
alveolus needs orthodontic stabilization for at least
6 weeks to allow for consolidation of the graft. Once
consolidated, the maxillary arch dimensions can be
considered stable, and orthodontic movement of
teeth into the grafted alveolus can proceed.

Diagnostic Studies

Early in the orthodontic phase of treatment, the
condition of the pericleft dentition should be
assessed. Often, the lateral incisor in the margin of
the cleft develops roots of insufficient quality to
confer long-term stability to the tooth. If extrac-
tion is necessary, it should be done early in the
orthodontic period and at least 4 weeks before bone
grafting.

Survival of the bone graft within the cleft depends
to a significant degree on the condition of the soft
tissues at the time of grafting. Widening of the cleft
as a consequence of orthodontic distraction of the
maxillary arch often facilitates proper hygiene
within the cleft and associated oronasal fistula.
Proper hygiene minimizes soft tissue inflammation,
which can be a significant impediment to bone graft
survival. In addition, early removal of poor-quality
teeth in the region improves the quality of the recip-
ient bed and subsequent bone graft success. The 
condition of the gingiva is particularly important
because coverage of the erupting surface of the cleft
with healthy gingiva allows for natural eruption and
long-term durability of the tooth.

Radiographic studies, including Panorex, selected
periapical films, and occlusal films, are an integral
part of the evaluation. They provide a valuable
adjunct to clinical examination for assessment of the
dentition in the vicinity of the cleft, as well as the
dimensions and structure of the cleft itself. Serial
films obtained during the period of preoperative
orthodontic therapy are helpful in instituting appro-
priate treatment in a timely fashion.

Surgical Technique

The cleft is visualized in terms of a pyramid with
medial and lateral walls (internal margins of the
cleft), a roof (nasal floor), and an upward-sloping
floor (lingual alveolus and palate) (Fig. 1). To obtain
satisfactory soft tissue coverage, which is critical for
graft success, all sides of the pyramid should be ade-
quately closed with viable flaps. Ideally all surfaces
of the cleft defect should be lined with periosteum
or bone to facilitate bone graft take.
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Unilateral Clefts

For unilateral clefts, labial gingivoperiosteal flaps
are raised both medial and lateral to the cleft (Fig.
2). The gingival margin of the tooth adjacent to the
cleft is raised with flaps to ensure gingival coverage
over the tooth-erupting surface. Distal to this tooth
the incision is designed to preserve 2 to 3 mm of 
gingival margin. The incision usually ends near the
mesial aspect of the first molar lateral to the cleft.
In the case of very wide clefts, the flap is extended
distal to the first molar. The incision is extended
around the anterior margin of the cleft into the gin-
givolabial sulcus and medial margin of the cleft and
carried to the opposite gingival margin. The medial
flap is developed past the opposite central incisor.
Subperiosteal dissection is performed to the margins
of the piriform aperture.

Similar gingivoperiosteal flaps are developed on
the palatal side (the medial and lateral aspects of
the cleft). Closure of the palatal and labial gin-
givoperiosteal flaps together eventually provides
coverage for the floor and anterior walls of the 
theoretical pyramid.

At this stage, the roof of the cleft is still open, and
the medial and lateral margins of the cleft are
covered by the margins of the fistulous tract. The
nasal floor (roof) is closed by forming superiorly
based rectangular flaps from the mucoperiosteum
lining the medial and lateral margins of the cleft.
These flaps are elevated and rotated superiorly in
the subperiosteal plane (Fig. 3). Closure is obtained
with 4–0 Vicryl sutures. At the posterior junction of
the roof and the floor where the four flaps merge
(two palatal flaps and the two superiorly based mar-
ginal flaps), a single key suture placed through both
palatal flaps will hook the most posterior stitch in

the nasal floor closure and complete the posterior
closure (Fig. 4).

In the case of tenuous soft tissue coverage, a deci-
sion to stage the procedure is made, at which time
all incisions are closed over the cleft to achieve soft

A

B

C
Nasal floor

Anterior alveolus

Posterior alveolus
(palate)

Lateral cleft
margin

Medial cleft
margin

Figure 1 • A and B, Alveolar cleft viewed as a pyramid. 
C, Healthy soft tissue coverage on all aspects of the cleft is
required for successful reconstruction.

Figure 2 • Planned incisions for flaps used to close the cleft
alveolus. Labial and palatal gingivoperiosteal flaps are raised at
the gingival margins both medial and lateral to the cleft to
provide coverage to the floor of the defect and the anterior
alveolus. The incision preserves the gingival margin on teeth
that are not adjacent to the cleft. These incisions are adjusted
onto the alveolus and palate when the cleft is wide to provide
adequate flap length for closure of the nasal floor.

Figure 3 • Soft tissue–periosteal flaps are developed from
the medial and lateral margins of the cleft to close the roof of
the defect (nasal floor). In the presence of an oronasal fistula,
the soft tissue represents the margins of the fistulous tract.
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tissue coverage for future bone grafting. If adequate
healthy soft tissue coverage is available, the bone
graft is harvested.

A segment of cortical bone can be wedged into the
roof of the defect (nasal floor) and the anterior alve-
olus to provide a durable structure to pack the graft
against (Fig. 5). This technique provides additional
bulk to the nasal floor and augments the support to
the nasal base and upper lip. Alveolar height is
slightly overcorrected. The incisions are closed with
4–0 Vicryl (Fig. 6).

Bilateral Cleft

In the case of a bilateral cleft lip, the limited perfu-
sion of the premaxilla prevents extensive mobiliza-
tion of the labial mucosa and gingivoperiosteum.
The labial soft tissues must be preserved anteriorly
to maintain viability of the premaxilla. Without
medial labial flaps, the volume of soft tissue avail-
able for closure of the cleft is significantly less.
Lateral gingivoperiosteal flaps are raised in a
fashion similar to that described for a unilateral
cleft. Frequently, the lateral flaps must be extended
distal to the first molar in an attempt to compensate
for the lack of medial flaps.

On the palatal side, gingivoperiosteal flaps can be
raised over the premaxilla as long as the labial
mucosa is totally preserved. Lateral gingivope-
riosteal flaps are developed in a similar fashion. The
roof of the clefts is closed with superiorly based
nasal mucosa, the margins of which are incised to
favor the palatal side so that adequate flap length
is developed and the nasal floor (cleft roof) is closed.
Bone grafting proceeds in a fashion similar to that
in patients with unilateral clefts. If the premaxilla
is mobile, it requires immobilization during the
postoperative period with a prefabricated acrylic
splint placed over the occlusal surfaces of the max-
illary teeth and secured to orthodontic brackets.

Because patients with a bilateral cleft and those
with a wide unilateral cleft have the lowest success
rates, staging significantly improves the overall
success of the procedure.

The preference for autogenous bone graft is the
iliac crest harvested from a relatively concealed 
incision. After a small incision is made, subperios-
teal dissection proceeds around the crest onto the
lateral cortex, where a square-shaped window is
removed with a sharp osteotome. Cancellous bone 
is harvested with a medium-sized curet. The outer

A

B

C

Nasal

Palatal

Figure 4 • A and B, Diagram illustrating closure in the 
posterior aspect of the cleft where the floor and the roof 
merge together. C, A single suture is used to close this aspect
of the flap and complete the closure of the cleft space.

A

B

C

Figure 5 • A, Defect after grafting with autogenous bone. 
B and C, Cortical bone is used to augment the nasal floor and
anterior alveolus. These bone segments allow the defect to be
filled without putting pressure on the flaps.

Labial-alveolar
sulcus

Figure 6 • Final closure of the flaps.
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Pearls and Pitfalls

• Reconstruction of the alveolus with bone grafts
should be delayed beyond the age of 8 years to
avoid restriction of maxillary growth.

• If reconstruction is performed before eruption
of the canine, a healthy canine can be pre-
served to allow for later closure of dental gaps.

• Reconstruction of the alveolus also provides the
needed volume to support the alar base, which
is a significant contribution to the cleft nasal
deformity.

• Maximizing the soft tissue, bony, and dental
conditions about the cleft in the preoperative
period improves outcomes.

• Revascularization of the bone graft is signifi-
cantly influenced by the quality of soft tissue
support provided to the graft. Before attempt-
ing reconstruction, every effort should be made
to provide for coverage of the graft with healthy
tissue, which requires appropriate timing with
orthodontic movements, timely removal of
teeth in poor condition about the cleft, and
proper hygiene, especially in patients with
oronasal fistulas.

• Procedures are often staged to ensure adequate
soft tissue availability before grafting.
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cortical bone is used to augment the nasal floor and
anterior alveolus as described earlier (Fig. 7).

Postoperative Care

The iliac crest drain can often be removed the
morning of discharge, but it remains if drainage 
persists.

Beginning the day after surgery, patients are
encouraged to brush the operative site with a soft
brush after each meal and every morning. A water
pick is not used because it disrupts the gingival
repair and lateral gingival donor sites, which heal
by secondary intention.

Postoperative orthodontic therapy to close the
dental gap and guide the erupting canine into posi-
tion can begin 6 weeks after reconstruction, depend-
ing on the condition of the soft tissues. Such a
schedule allows adequate time for consolidation of
the bone graft and healing of the soft tissues.

Figure 7 • Cortical segments are designed to fit the nasal
floor and anterior alveolus (see Figure 5).
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A cleft palate precludes the normal functions of
speech and swallowing, and the lack of separation
of the oral and nasal cavities leads to chronic irri-
tation. The disrupting effects of a cleft palate on
eustachian tube function are uniform, and therefore
hearing loss can occur. Surgeons treating cleft
palate must recognize these important derange-
ments. They must also formulate a treatment plan
that restores normal speech function with the least
adverse sequelae from the intervention, such as
impairment of maxillary development, and at the
same time correct the deformity with a low per-
centage of secondary procedures.

Etiopathogensis

The cause of cleft palate is multifactorial. Genes,
drugs, and environment are contributing factors, yet
no clearly defined causal relationship has been
established. There is a difference in the etiology of
isolated cleft palate and cleft palate associated with
cleft lip. When associated with cleft lip, the inci-
dence of cleft palate follows that of cleft lip.
However, when cleft palate occurs without a con-
comitant lip cleft, the incidence becomes constant
across all racial groups at approximately 1 in 2000.
When found in isolation, it is much more likely to be
associated with a syndrome. In fact, up to 50% of
cleft palates without cleft lip are associated with
other abnormalities or are part of a syndrome.

Pathologic Anatomy

The pathologic anatomy of cleft palate can be
divided into defects of the hard palate and those of
the soft palate. The normal function of the hard
palate is to provide a fixed, nonmobile partition

Cleft Palate
SEAN G. BOUTROS

COURT CUTTING

between the oral and nasal cavity. It prevents regur-
gitation of food into the nose and serves as a
mechanical block against which the tongue can
direct the food bolus to the pharynx. Cleft palate can
extend anteriorly as far as the incisive foramen or,
in the case of cleft lip and palate, through the alve-
olus and the anterior maxillae. Reconstruction of 
the hard palate should reestablish this partition.
Although the defect is a combined bony and soft
tissue defect, the reconstruction must reestablish
only the separating function.

The other pathologic feature is cleft of the soft
palate and, most importantly, loss of normal mus-
cular anatomy. In the normal state, the palatoglos-
sus, palatopharyngeus, and levator palati muscles
all insert into the contralateral muscle in the
midline to form a muscular sling. In cleft palate,
they aberrantly insert on the posterior portion of the
hard palate. Of these muscles, loss of function of the
levator palati muscle is the most crucial because this
muscle is responsible for elevation and posterior
movement of the soft palate onto the pharyngeal
wall. This dynamic obturator allows nasal breathing
and escape of nasal consonants when relaxed and
permits buildup of pressure in the oral cavity and
prevention of nasal regurgitation of air and food
when tightened. In the cleft state, the nasal cavity
cannot be separated from the oral cavity. It is there-
fore impossible to build up the oral pressure neces-
sary for normal speech.

In addition, the important function of the tensor
tympani muscle is lost because of the aberrant inser-
tion of the musculature. This muscle normally
serves, in conjunction with the levator veli palatini,
to open the eustachian tube. In adults, the
eustachian tube orifice is inferior to the middle ear.
As a result, any middle ear fluid passively drains
into the pharynx. In children, the eustachian tube
orifice is superior to the middle ear cavity. In the
normal state, as the tensor tympani contracts in 
conjunction with the levator palatini, the eustachian



Cleft Palate —— 471

P
ed

iatric P
lastic S

u
rg

ery

obstruction separating the oropharynx and
nasopharynx. At the same time, it should recon-
struct the muscular anatomy to that of the normal
state to allow the action of the levator veli palatini
muscle to elevate the mobile soft palate and sepa-
rate the nose. These goals should be accomplished
without creating significant scarring of the maxilla.
Although all areas of dissection heal with scars,
large areas of uncovered bone will have extensive
fibrosis and thus increase the incidence of midface
retrusion. This should therefore be avoided.

Treatment

Nonsurgical

Nonsurgical treatment (i.e., treatment with obtura-
tors) should be mentioned only for historical reasons
because it has no place in primary cleft manage-
ment. Obturators are still occasionally useful for
salvage following disastrous complications, but such
treatment is unnecessary if proper cleft manage-
ment is instituted from infancy.

Surgical

A Dingman mouth gag is placed and the patient
positioned in a neurosurgical head holder such that
the neck is fully extended. The entire hard and soft
palate is injected with a solution of 1% lidocaine
with 1:100,000 epinephrine. In addition to antibi-
otics, patients are given 0.5 mg/kg of dexamethasone
(Decadron) because it reduces the tongue swelling
associated with the procedure and tongue compres-
sion from the mouth gag.

Different clinical findings call for different surgi-
cal techniques. The von Langenbeck design is useful
for posterior clefts, whereas the Bardach design is
preferred for unilateral clefts. The Oxford designs
can be applied to either bilateral or posterior clefts.
Regardless of whether a von Langenbeck, Bardach,
or Oxford design is chosen for the hard palate, the
principles remain the same: the design should have
the fewest number of flaps with the fewest number
of tripoints. The Bardach and Oxford designs add
technical ease to the procedure by improving visu-
alization, especially with dissection of the pedicle,
and in this chapter the Bardach-type design is illus-
trated. The von Langenbeck technique (anteriorly
the flap is not incised free of the palate) yields
similar results in experienced hands, uses fewer
incisions, and is better suited for repair of an iso-
lated cleft of the soft palate or submucous cleft. The
Oxford design is best suited for bilateral cleft lip and
palate and is now often performed without the push-
back component in order to avoid large areas of raw
bone. The push-back technique is not necessary for
satisfactory speech results (Fig. 1).

The incision is made to the bone of the hard
palate along the margin of the clefts slightly on the

tube orifice opens and the pump-like action of the
muscle contraction facilitates drainage of the middle
ear. When this function is lost, the middle ear is
prone to serous otitis and patients are uniformly left
with ear disease and resulting hearing loss if
untreated.

It is important to note that cleft palate occurs on
a spectrum. One end of the spectrum is a bifid uvula
with normal muscular anatomy. This condition obvi-
ously does not require any intervention. Cleft palate
can also occur as a submucous cleft in which the soft
tissue is not separated, but the muscular anatomy
is abnormal and consistent with a cleft palate. There
may be a zona pellucida (central thin area with no
muscle) or a notch in the hard palate. Some patients
with a submucous cleft, like cleft palate patients, are
unable to obtain nasal competence and therefore
require surgical intervention if proper speech is to
be expected.

Diagnostic Studies

Diagnostic studies for cleft palate are centered on
the middle ear and diagnosis of any associated syn-
dromes. Patients should undergo evaluation for pos-
sible placement of middle ear drainage tubes at the
time of cleft palate repair because most patients
(approximately 95%) have serous otitis. Hearing
evaluation may be necessary and should be per-
formed on an individual basis. Because isolated cleft
palate is commonly associated with a syndrome,
cardiac, renal, and neurologic evaluation should be
performed.

Goals of Reconstruction

Cleft palate should be treated such that the patient
has no difficulty with feeding, speech quality, or de-
glutition. Ideally, treatment should have no effect on
facial growth. If a cleft palate is left untreated to
adulthood, facial growth is unimpaired. However,
poor speech patterns and compensatory articula-
tions that cannot be corrected will have developed.
Conversely, if the cleft is repaired at the time of lip
repair (3 to 4 months), the patient will have no com-
pensatory articulations, no difficulty with feeding,
but midface retrusion and poor facial growth may
result. Therefore, the surgeon must balance these
factors. The inability to perform proper speech reha-
bilitation leads most surgeons to intervene at the
beginning of speech development, or approximately
11 to 13 months of age.

The goal of surgery is to recreate a continuous
hard palate with palatal tissue that allows no com-
munication between the oral and nasal cavities. The
surgery must also close the soft palate by providing
the mobile tissue needed to create a dynamic
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oral side (Fig. 2). Such an incision provides a small
amount of extra tissue for nasal closure. The inci-
sion is then carried up the soft palate to the tip of
the uvula. An incision is made to the underlying
bone starting between the maxillary tuberosity and
the hamulus and extended anteriorly along the alve-
olar ridge to meet the medial incision at the ante-
rior limit of the palate. The incision should extend
well beyond the area of the incisive foramen because
this is the site of potential fistulas. The flap is dis-
sected off the bone with an elevator. After the flap
is elevated, the mucosa is raised from the nasal side
of the bone. If the cleft palate is associated with a

cleft lip, the elevation will probably include eleva-
tion of a vomer flap anteriorly.

After the oral and nasal sides of the hard palate
are elevated, it is important to use the elevator to
dissect the muscle insertion from the posterior
aspect of the hard palate. The elevation should
proceed cranially, and scissors can often be used to
liberate this tissue from the underlying bone. The
nasal side of the soft palate is elevated after disin-
sertion of the muscle of the posterior palate. The
thin nasal mucosa is separated from the muscle
while taking extreme care to avoid injury of the
muscle. The most medial aspect is left slightly thick
because the levator is not present in the cleft edge.
Two to 3 mm into the dissection, a slight blue hue
is encountered when the proper dissection plane is
entered. Often, small holes are made in the nasal
mucosa as this thin layer is elevated, and they do
not need to be repaired.

The mucoperiosteal flap should be completely 
liberated except for its attachments at the pedicle of
the greater palatine artery. It is easily appreciated
that the stiff periosteal cone limits movement of the
flap and provides excessive tension in the area of the
hard-soft palate junction. The periosteal cone is
placed on extreme tension and a knife is used to first
incise the posterior and lateral aspects (Figs. 3 and
4). Pouching of fat from the incision indicates
release. Spreading scissors between the pedicle and
the maxillary tuberosity completes the periosteal
release, and the flap will move dramatically. The
periosteal release must be performed before muscle
dissection. In the event that the vascular pedicle is
divided, the muscle bundle will provide an alterna-
tive blood supply to the mucoperiosteal flap if it is
not separated from the flap.

The muscle dissection proceeds in three phases:
nasal mucosa dissection (described earlier), oral

Oxford

Langenbeck

Bardach

Palatine
process

Neurovascular
bundle

Nasal flap
elevated

Figure 1 • The three common approaches to the hard palate.
The Bardach method is useful for complete unilateral clefts.
The Langenbeck method is useful for clefts of the soft palate
only. The Oxford method is useful for complete bilateral clefts.

Figure 2 • Dissection of the nasal side of the soft palate.

Flap 
moved
laterally

Flap

Periosteal
cone

Palatine artery

Periosteal
cone cut
posteriorly

Figure 3 • Release of the periosteal cone. Fat will pouch as
the periosteum is lightly incised.
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mucosal dissection, and division of the tensor veli
palatini tendon. Again, the first step of the muscle
dissection is performed before release of the
periosteal cone because the visibility gained facili-
tates the release and does not risk the secondary
blood supply to the mucoperiosteal flap.

The levator muscle is dissected from the
palatoglossus and palatopharyngeus muscles. The
target for this dissection should be over the hamulus
because the levator muscle originates at the skull
base. Some surgeons choose to dissect between the
mucosa and the palatoglossus and palatopharyn-
geus muscles. Such dissection yields fine results;
however, these muscles are natural antagonists to
the important levator muscle, and repair of them is
probably not necessary.

Once the levator is completely separated from the
nasal and oral layers, it becomes evident how firmly

the levator muscle is attached to the hard palate by
the tensor veli palatini tendon. This tendon is
divided with scissors, and the levator is bluntly 
dissected free toward the skull base (Fig. 5). The
neurovascular pedicle to the levator enters from the
lateral side, and care should be taken to avoid injury
to the pedicle.

Closure begins anteriorly and the nasal layer is
approximated. The levator muscle is also repaired
(Fig. 6). If the muscle repair is made too tight, the
patient will have nasal obstruction and even sleep
apnea. If made too loose, the patient will have
velopharyngeal insufficiency. Judgment and experi-
ence must guide the surgeon in placement of proper
tension. The oral side is closed, and one or two
sutures should include the nasal closure to establish
the height of the palatal vault. Loosely tied sutures
should be placed to bring the lateral incision
together (Fig. 7).

A tongue suture is placed for airway control. The
patient should be fully awake before extubation, and
emergency airway precautions should be taken.

The Furlow repair is a common technique for cleft
palate repair that also yields good results. With the
use of a Z-plasty, it avoids a straight line scar of the
soft palate and its inevitable contracture. It does
not, however, result in an anatomic muscle repair.

Postoperative Care

Elbow restraints are worn continually for 4 to 6
weeks. The airway is observed and the child placed
on an oxygen monitor because the cleft patient now
has a more obstructed nasal cavity that may cause
some difficulty breathing and mild sleep apnea in
the early postoperative period. Apneic problems can
occur in the immediate postoperative period but can
usually be controlled with traction on the tongue

Medial
movement
of flaps

Palatine
artery

Periosteal
cone released

Figure 4 • Mobility of the mucoperiosteal flap after division
of the periosteal cone surrounding the vascular pedicle.

Tensor tendon
division

Levator
muscle

Figure 5 • The most critical part of the muscle repair is divi-
sion of the tensor tendon.

Levator sling
Closure of
nasal mucosa

Figure 6 • Repair of the nasal side of the hard and soft palate
and repair of the levator muscles.
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suture. Patients are given a liquid-only diet and are
not allowed gelatin. Solids are swallowed by action
of the tongue forcing the bolus onto the hard palate
and directing it to the pharynx, and this action could
disrupt the repair. Pain medication consists of rectal
suppositories of acetaminophen and codeine elixir as
needed for the first 24 hours. The child is usually
discharged the following day after adequate oral
intake. The liquid diet is continued for 3 weeks, and
the child is transitioned to a soft diet for an addi-
tional 3 weeks.

Pearls and Pitfalls

• Interdisciplinary care is essential.
• The periosteal cone around the pedicle of the

greater palatine artery must be completely

released to allow tension-free medial move-
ment of the mucoperiosteal flaps.

• The periosteal cone should be released before
dissection of the levator muscle. The muscle
offers an alternative blood supply in the event
of injury to the pedicle.

• The tension of the levator sling is critical.
Excessive tension results in nasal obstruction
or sleep apnea, and a loose repair results in
velopharyngeal insufficiency.

SUGGESTED READINGS
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Figure 7 • The final repair. The lateral margins are only loosely reapproximated.
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Velopharyngeal insufficiency (VPI) can result from
a variety of anatomic and physiologic abnormalities.
In this chapter, VPI is discussed mainly in relation
to patients with a repaired cleft palate. 

Etiopathogenesis/Pathologic
Anatomy

There are six possible reasons for escape of excess
air from the mouth into the nose:

1 The palate may be anatomically short and thus
does not make contact with the posterior pha-
ryngeal wall.

2 The palate is badly scarred, which causes
impaired palatal mobility and thereby impedes
velar closure.

3 The original operation did not correctly position
the palatal musculature sling. This mistake
most commonly results from insufficient appre-
ciation of the importance of reestablishing the
correct anatomic position of the muscles at the
primary palate repair procedure. In this situa-
tion, the palate, even if its length is adequate,
nevertheless fails to reach the posterior pha-
ryngeal wall.

4 The lateral pharyngeal walls do not move suf-
ficiently medially to effect closure.

5 There is ineffective sphincter closure, perhaps
caused by muscular weakness or poor muscle
positioning.

6 A large fistula with a poorly fitting obturator is
preventing a satisfactory seal.

Speech Pathology

The speech-language pathologist is responsible for
monitoring and assessing all aspects of speech and
language in patients with cleft lip or palate (or both),
including language, articulation, voice, resonance,
and oral structure and function. In addition, the
speech pathologist plays an important role in assess-
ing velopharyngeal function, determining treatment
options in consultation with the surgeon, and eval-
uating the overall effectiveness of pharyngeal man-
agement (Fig. 1).

Children born with a cleft lip and palate are at risk
for resonance, articulation, and expressive language
problems that may impair their communication for
many years. The impact of a palatal cleft may be
evident during infant vocalizations and can persist
well after an adequate oral-pharyngeal mechanism
has been established. The most remarkable speech
production problems demonstrated by children with
cleft palate are those related to VPI, including hyper-
nasality, audible nasal emission, weak pressure con-
sonants, and compensatory articulation patterns. In
considering the speech of individuals with palatal
clefts, it is important to remember that many chil-
dren do not have hypernasality after palatal surgery
because valving integrity is frequently achieved in
most children. The contemporary clinical expectation
is that speech after palatal repair should be normal
or nearly so. If this goal has not been realized, expla-
nations should be sought.

Several external variables affect the type and
amount of treatment that a child with cleft palate
speech receives: cognitive skills, linguistic ability,
personality, and motivation. Another factor is the
availability of a school-based speech-language

Velopharyngeal 
Insufficiency
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pathologist who is knowledgeable about the treat-
ment of speech symptoms related to velopharyngeal
dysfunction.

Most children referred for speech therapy gener-
ally require intervention to enhance their articula-
tion or phonologic development or their overall
expressive language functioning. The speech pathol-
ogist must know when it is appropriate to initiate
speech therapy, when it is appropriate to refer for
physical management, and when it is prudent to
defer management of all kind.

The majority of older children with cleft palate who
are referred for speech therapy require intervention
to establish correct phonetic placement. The initial
goal of therapy is to correct articulatory placement. As
the child acquires the appropriate phonetic patterns,
the focus of therapy may shift to mastery of phonemic
patterns. Hypernasal resonance, nasal emission, and
weak pressure consonants are frequently reduced or
eliminated by surgical or prosthetic management.
However, presurgical compensatory articulations
often persist postoperatively, even when adequate
velopharyngeal valving can be achieved.

Protocol for Assessing Speech
Production Problems

The primary purpose of assessing phonologic be-
havior is to determine whether the individual needs
intervention and, if so, the direction of such treat-
ment. The protocol for assessment of speech pro-
duction problems in children with cleft palate
varies, depending on the age of the child and the
ultimate goal of therapy.

Several commercial articulation tests are avail-
able. For a child with cleft palate and velopharyn-
geal closure problems, items should be selected to
test the child’s performance on pressure consonants
(i.e., stops, fricatives, and affricates). Two protocols
designed specifically to test these consonants are the
Bzoch Error Pattern Diagnostic Articulation Test
and the Iowa Pressure Articulation Test. Connected
speech also provides information about the consis-
tency of the child’s errors and the influence of
context. Decisions about velopharyngeal function
and the need for treatment should be based on how
well the individual functions in conversational
speech and daily communication. Some persons with
marginal VPI sound normal on a single-word test of
articulation but have nasalization during connected
speech.

Speech analysis also reveals compensatory artic-
ulations or articulation patterns that the child has
learned in an attempt to compensate for the cleft.
Compensatory articulations usually take the form of
sound substitutions or abnormal coarticulations,
patterns often persisting even after velopharyngeal
adequacy has been achieved.

The test battery should include stimulability
testing, which consists of imitation of an adult model
along with auditory or visual cues to improve a
child’s articulation of isolated sounds, syllables,
words, or phrases. A child who shows potential to
improve articulation through imitation may have
the capability of imitating the articulatory gesture
to produce a sound not typically in the child’s 
phonetic repertoire. When VPI is present, it is
important to monitor progress closely to avoid a
lengthy program of unproductive therapy. An impor-
tant part of speech analysis is to categorize the
speech errors according to patterns. Such analysis is
vital to understand which of the child’s speech errors
are developmentally age appropriate and which may
have a structural or physiologic element as a result
of the cleft. The following errors are seen in children
with cleft palate: consonant distortions associated
with nasal emissions, vowel distortions secondary 
to hypernasality, compensatory articulations, and
selective articulatory backing substitutions.

Nonoperative Treatment of 
Speech Errors

The clinician should focus instruction on teaching
articulatory movement and place of articulation.

Patient with VPI

TREATMENT OF PATIENTS WITH VPI

No
fistula

With
fistula

Repair fistula Resolved VPI

Patient without
reconstructed
velar muscles

Patient with prior
velar muscle repair

Intravelar
veloplasty

Resolved VPI Continued VPI

Evaluation with nasal
endoscopy/

videoflouroscopy

Poor lateral movement/
good palatal movement

Poor palate movement
with moderate or good

lateral movement
or

No significant lateral
or palate movement

Sphincter
pharyngoplasty

Superiorly-based
pharyngeal flap

Figure 1 • Algorithm for the treatment of velopharyngeal
incompetence (VPI).
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Correction of compensatory articulations frequently
involves training children to expand or modify their
place of articulation repertoire. Cleft palate children
may lack the articulatory gestures for correct pro-
duction; they are taught how to make the target
sound. Frequent treatment strategies in the early
stages of speech intervention include mirror work,
tactile cues, and the use of diagrams to represent
articulatory placement. If compensatory coarticula-
tions are evident, it is recommended that correct
oral placement be established before attempting to
eliminate compensatory coarticulations such as
glottal stop.

One should initially select treatment targets that
are produced with anterior placement and that are
visible and unvoiced. One should also consider how
stimulable the child is for correctly producing the
sound and how developmentally appropriate that
sound is. The goals of placement work should
include teaching the child correct placement of the
target phoneme, establishment of self-monitoring,
and facilitation of generalization and carryover.
Therapy should begin with phonemes that are 
stimulable, have an anterior place of production, are
visible, and are developmentally appropriate. The
use of whispered speech should be incorporated to
facilitate oral valving and to reduce or eliminate
glottal valving.

Diagnostic Studies

It is important to understand the methods available
for investigation of VPI, as well as the relevance of
each (Tables 1 to 4). For accurate diagnosis and for-
mulation of the ideal surgical treatment plan, close
cooperation between the speech therapist and
surgeon is strongly emphasized.

The palate should first be examined with a specu-
lum to visualize the length of the soft palate, the
presence or absence of a fistula, and most important,
the type, position, speed, and quality of movement
of the soft palate. Limited or absent movement and
a shortened soft palate both connote a poor progno-
sis after surgical rehabilitation. Conversely, docu-
mentation of satisfactory lateral wall movement is
a favorable indicator for successful surgical repair.
The findings on clinical examination dictate the
method of repair.

Another finding that increases the possibility 
of VPI is a gap between the palatal muscles. In 
an unrepaired palate with VPI, there may be an
obvious V-shaped deformity beginning anteriorly
and fanning out posteriorly. In this area there is
little or no muscular function. The laterally placed
muscles, which run anterior to posterior, cause
palatal shortening when contracted rather than
normal elevation of the posterior third of the soft
palate. Another possibility is that the muscles have
not been correctly positioned at primary repair.

Finally, if the palate moves well, as evidenced by
upward lifting of the posterior third of the soft
palate, but escape is nevertheless present, the
lateral pharyngeal walls are probably not con-
tributing sufficiently to closure of the velopharyn-
geal sphincter.

The next step for the surgeon is to discuss the
patient with the speech pathologist. The speech
pathologist makes a recording of the patient’s
speech and often performs more invasive investiga-
tions such as nasoendoscopy and cineradiography.
For complete evaluation, both procedures must be
carried out, preferably by both the therapist and
surgeon. If not possible, films of the investigations
can be used for joint discussion and for later follow-
up purposes.

Nasoendoscopy performed under topical anesthe-
sia is an important three-dimensional investigation
that allows assessment of not only completeness of
closure but also the level at which closure is taking
place. The presence or absence of fistulas is noted;
in addition, because the anatomy of the area is com-
pletely displaced, the pattern and speed of velopha-
ryngeal closure can be ascertained. 

When this investigation has been completed, the
following will be determined: position of the palate
and the palatal musculature, type of palatal move-
ment, size of the velopharyngeal defect at rest and
during function, and in general, the cause of the

TABLE 1 Assessment of Palatal Insufficiency

(Visualized by Speculum)

Palatal and lateral wall movement
Quality, speed, and point of velopharyngeal closure
Presence, size, and position of fistula
Length of soft palate
Obturator position and effectiveness

TABLE 2 Assessment of Palatal Insufficiency

(Visualized by Speculum)

Little or no movement, Poor prognosis
palate short

Satisfactory lateral wall Satisfactory result with 
movement correct rehabilitation 

technique

V-shaped palatal Repositioning of palatal 
movement, length muscles, buccal 
satisfactory myomucosal flaps

Short but satisfactory Sphincter pharyngoplasty
movement

Poor palatal movement Superiorly based pharyngeal 
but satisfactory lateral flap
wall movement
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VPI. The potential rehabilitation procedure may
also be determined at this time. However, it is nec-
essary to carry out additional investigations for con-
firmation of the findings.

Videofluoroscopy allows accurate representation
of palatal movement and demonstrates where move-
ment is deficient.

With nasoendoscopy, videofluoroscopy, and clini-
cal investigation, the surgeon and speech patholo-
gist can establish the cause of the VPI. In the
authors’ experience, the vast majority of cases of VPI
are due to a lack of understanding of the anatomy
of the cleft palate by the surgeon; such lack of under-
standing results in inadequate primary muscle
repair and the need for secondary reconstruction of
the palatal musculature.

After the diagnosis is established, an appropriate
regimen can be formulated. If the cause of the VPI
is not known at this time, surgery should not be per-
formed, and the patient should be referred to a more
experienced center.

Treatment

Four methods of surgical correction are available,
and on occasion two may be combined. The tech-
niques are fistula closure, palatal re-repair with
muscle reconstruction, a superiorly based pharyn-
geal flap, and sphincter pharyngoplasty. Of note, an
inferiorly based pharyngeal flap is no longer used in
the treatment of VPI.

Fistula Closure

Indications for surgical repair include the presence
of a large palatal fistula producing a speech defect
not correctable with a simple obturator. The repair
is performed by using local turn-in flaps and palatal
flaps of the Veau design. Flap closure should be per-
formed without tension. Any anterior defect is closed
with a medially based buccal flap consisting of

buccal mucosa and, if possible, periosteum from the
anterior aspect of the alveolus.

Large fistulas are addressed by elevating bilat-
eral flaps based on the periphery of the fistula.
These flaps are turned in and sutured together. Oral
closure is achieved with a pedicled, anteriorly based
tongue flap. The flap is divided and inset after 3
weeks. This technique is usually successful and pro-
vides tension-free closure.

Extremely large fistulas can be closed without
tension by using more of the hard palate. There
should be no concern about this maneuver because
total nasal closure is the key to successful rehabili-
tation of VPI.

If significant scarring is present because of break-
down of past repairs, one should not be reluctant to
delay the palatal flaps before closure with the
tongue flaps (see later).

Palatal Re-repair

Palatal re-repair may be necessary with a totally
closed, repaired palate or in the presence of a fistula.
It may also be necessary after an anterior fistula has
been closed with a tongue flap if attention has not
been paid to position of the palatal muscles. If diag-
nosed, the palate needs to be re-repaired to restore
normal muscular anatomy. In the past it was
thought that if an associated anterior fistula was
present, it might be difficult to close; however, any
fistula can be repaired, and reconstructive surgery,
in terms of muscular function, can be carried out at
the same time. Fistula closure alone in this situa-
tion does little to improve speech.

TECHNIQUE. A mouth gag is inserted and the
palate is incised to form Veau flaps with a lateral
incision and incisions around the fistula, if present.
The soft palate is completely divided in the midline
in an anteroposterior direction. The palatal flaps are
elevated and dissected off the hard palate back to
the palatal shelves. At this point the palatal mus-
culature is visualized. In the majority of cases, the
musculature was not repaired at the initial proce-
dure, and the muscles are still inserted onto the 
posterior end of the palatal shelves. They run
anteroposteriorly and become narrower until they
insert into the medial edge of the hard palate at the
end of the cleft via a tendinous insertion.

It is easy to dissect the muscles off the nasal layer
after they have been liberated from their insertion
on the hard palate. The dissection is continued
toward the skull base, almost to the origin of the
muscle mass. This process is repeated on the oppo-
site side. The muscles are pennate shaped, and such
an appearance is an indication of the completeness
of dissection.

When the muscles are completely freed, they
should lie in their correct anatomic position—at
right angles to the long axis of the cleft in the pos-
terior quarter of the soft palate. The nerve supply of

TABLE 3 Assessment by Nasoendoscopy

Lateral wall movement
Soft palate movement and defects of the soft palate
Length, V-shaped deformity, lateral muscle movement,

closure of sphincter, bubbling

TABLE 4 Assessment by Videofluoroscopy

Speed of palatal movement
Closure of sphincter
Pattern of closure
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the musculature can be visualized, dissected, and
preserved. The nasal layer is dissected and closed.
Lateral dissection in the correct plane prevents
midline tightness. After closure of the nasal layer
has been achieved, the muscles are approximated in
the midline and also onto the nasal layer. This
maneuver overcomes any tendency for the muscles
to drift back into their previous position.

The nasal layer is transected behind the palatal
shelves such that an anterior cuff of nasal layer
approximately 0.5 cm wide remains. This technique
allows the posterior nasal layer of the palate and the
levator muscles to move backward almost onto the
posterior pharyngeal wall. Having created this gap,
it is necessary to fill it, and the buccal myomucosal
flap is excellent for this purpose because of its size,
ease of use, and blood supply. The flap is based pos-
teriorly at the level of the upper alveolar tuberosity
and outlined on the cheek mucosa. It is approxi-
mately 1.0 to 1.5 cm wide and 5 to 6 cm in length.
An incision is made around the flap, through the
mucosa and the underlying musculature. The flap 
is dissected back to a level just posterior to the
tuberosity. The donor site of the flap is closed pri-
marily. From the posterior aspect of the donor site,
a tunnel is made behind the maxillary tuberosity
and behind the palatine vessels. The flap is
advanced through the tunnel with its mucosal
aspect facing into the nasal cavity. The buccal
myomucosal flap is sutured into the gap in the 
nasal layer. The oral layer is closed completely. Each
suture in the oral layer should catch the nasal layer
as far as the base of the uvula to prevent dead space.
Particular attention is paid to suturing the oral
layer onto the reconstructed muscular sling. It is
usually possible to close all of the lateral defects in
the palate, thus leaving it intact with no raw areas. 

The described technique always ensures satisfac-
tory muscle dissection, reorientation, and repair
without tension. Because of the buccal myomucosal
flap, any possibility of forward migration of the
muscles is obviated, and therefore shortening of the
nasal layer is prevented.

This procedure is the technique of choice for
patients with a submucous cleft palate.

Sphincter Pharyngoplasty for a Short
Palate with Satisfactory Function and
Satisfactory Lateral Pharyngeal Wall
Movement

If the primary repair has achieved satisfactory
palatal movement in the optimal position but is
short and is causing velopharyngeal incompetence,
the palate should not be repaired. The goal,
however, is to provide a more effective lateral and
posterior sphincter to achieve closure.

A short, superiorly based pharyngeal flap is
raised; its width encompasses virtually the entire
posterior pharyngeal wall, with its base situated
above the level of the soft palate. The donor defect

is closed primarily. Bilateral, superiorly based flaps
are elevated from the posterior pillars of the fauces.
They contain the palatopharyngeus muscles with
their nerve supply. The donor sites of the flaps are
closed. The flaps are sutured onto the superiorly
based pharyngeal flap, thus lining its raw aspect.
This maneuver ensures that the muscles contained
within the flaps form a sphincter in the correct ver-
tical position on the posterior pharyngeal wall with
a minimum of fibrosis and scarring. This is indeed
a true sphincter because the nerve supply in the
flaps should remain functional and the contained
muscles should contract as required. The flap donor
defects are closed directly (Fig. 2).

Sphincter pharyngoplasty is probably the most
frequently performed procedure for correction of
velopharyngeal incompetence. With the modern
approach to primary palate repair, most patients
with velopharyngeal incompetence have satisfactory
soft palate movement (i.e., the principal indication
for sphincter pharyngoplasty).

Midline Pharyngeal Flap for Poor
Palatal Function with Satisfactory
Lateral Wall Movement

If examination of a patient with VPI reveals a short
palate that cannot be lengthened sufficiently by re-
repair of the palate or a poorly functioning palate in
the presence of satisfactory lateral wall movement,
the procedure of choice is a superiorly based midline
pharyngeal flap and shrinkage.

Inferiorly based flaps have been abandoned. The
superiorly based flap is positioned in the correct ori-
entation so that it does not drag the palate down-
ward, as can happen with an inferiorly based flap.
In addition, all pharyngeal flaps must be lined to
prevent fibrosis and shrinkage.

An anteroposterior, full-thickness incision is
made in the soft palate. On either side of the midline
the mucosa is dissected with a small right-angled
scalpel. Flaps based on the posterior margin of the
palate are incised on the superior aspect of the palate.
The flaps are carefully dissected off the muscle layer;
they are made sufficiently wide to provide oral 
coverage for the superiorly based pharyngeal flap.
The flaps are sutured together in the midline.

The pharyngeal flap is formed by incising later-
ally on the posterior pharyngeal wall. The flap is
constructed as wide as possible so that most of the
posterior pharyngeal wall is elevated. It should be
sufficiently long to cover the raw area on the nasal
aspect of the soft palate that remains after flap
harvest. Elevation of the flap is continued superiorly
to a level approximately 1 to 1.5 cm above the level
of the soft palate.

Attention is turned to the palate. The elevated
posterior pharyngeal wall flap is sutured to the raw
area on the nasal aspect of the palate. The down-
turned nasal mucosal flaps of the palate, which have
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Figure 2 • The modified sphincter pharyngoplasty. A, The posterior area tonsillar pillar flaps
are outlined, as is the position of the transverse incision in the posterior pharyngeal wall. B, The
posterior tonsillar pillar flaps are elevated with the palatopharyngeal muscles. C, The pillar flap
is transferred at 90 degrees, the posterior edge of the flap being sutured to the superior edge
of the transverse defect in the posterior pharyngeal wall. D, The flaps come to lie in such a
position that the distal ends of the flaps abut in the midline. If suturing is continued, a to b¢, the
anterior edges of the pillar flaps are gradually sutured together; the velopharyngeal connection
is decreased in size. E, The palatopharyngeal muscles are sutured together. The anterior edges
of the pillar flaps are sutured to the inferior edge of the pharyngeal defect of the posterior wall.
The lateral defects are closed.
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been sutured together in the midline, are sutured to
the edge of the pedicle of the pharyngeal flap to 
eliminate raw areas. The defect in the posterior 
pharyngeal wall is closed primarily.

Complications

Bleeding during VPI repair needs to be minimal. 
In all surgical procedures, vessels on the posterior
pharyngeal wall need to be visualized to prevent
injury. If there is any indication of injury to vessels
and it is not possible to control the bleeding, the area
must be packed securely and an airway established
by tracheostomy. In these situations, the packing
remains in place for 10 days and is removed in the
operating room.

Sleep apnea has been reported as a complication
after sphincter pharyngoplasty. It is best to avoid
this procedure in young children (i.e., those younger
than 5 years) and children with the Pierre Robin
sequence (small, retruded mandible).

Pearls and Pitfalls

• With satisfactory functional repair of the
primary cleft of the palate, there is much less
need for speech rehabilitation.

• The key points in primary repair of the palate
are accurate and stable positioning of the

palatal muscles to achieve a functioning palate
of adequate length.

• One of the most important goals in primary
palate repair is to avoid residual raw areas.

• Attention to these technical points reduces the
need for surgical speech rehabilitation to less
than 2%.

• Very large defects may not be able to be cor-
rected surgically, as occurs in a badly treated
cleft patient or a postcarcinoma patient. The
only alternative in such a situation is to use a
prosthesis.

• Free tissue transfer should be considered only
for the treatment of a hard palate defect after
tumor resection or trauma; the flap will,
however, be merely a nonfunctional obturator.
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The craniosynostoses represent a wide clinical spec-
trum ranging from isolated fusion of the metopic
suture causing mild trigonocephaly to complex 
conditions such as Pfeiffer’s syndrome with a klee-
blattschädel cranial deformity, functional midface
hypoplasia, and other congenital anomalies. Despite
this variety, the requirements for effective clinical
management of all craniosynostoses are the 
same: accurate diagnosis, appropriate timing of
surgery, and the use of a reliable surgical technique
that maximizes the chance for long-lasting improve-
ment in function and cranial shape and volume.

Etiopathogenesis

Patent cranial sutures are required to maintain
normal cranial morphology during the period of
rapid brain expansion in the first few years of life.
Except for the metopic suture, the cranial sutures
do not normally fuse until adulthood. When a
cranial suture fuses prematurely, calvarial expan-
sion is locally restricted, and such restriction causes
abnormalities in cranial shape and volume.

The exact etiopathogenesis of premature fusion 
of cranial sutures is an area of active research. A
number of genetic mutations have been associated
with syndromic craniosynostosis. Fibroblast growth
factor receptor (FGFR) 1 and 2 mutations are asso-
ciated with Crouzon’s, Apert’s, and Jackson-Weiss
syndromes; TWIST mutations with Saethre-
Chotzen syndrome; MSX2 mutations with Boston-
type craniosynostosis; and FGFR3 mutation with
Muenke’s craniosynostosis. The majority of patients
with craniosynostosis, however, are nonsyndromic.
The exact molecular mechanism responsible for in
utero or postnatal pathologic fusion of cranial
sutures remains unknown. Recent research has
identified a number of molecular mediators that
may be involved in the signaling pathway responsi-

The Craniosynostoses
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ble for premature fusion, such as members of the
transforming growth factor-b (TGF-b) superfamily,
fibroblast growth factors, and osteogenic antago-
nists such as noggin. These factors, however, are
probably just “snapshots” of isolated players
involved in a complex interconnected communica-
tion network encompassing a myriad of molecular
messengers.

Although our understanding of the molecular sig-
naling pathways associated with craniosynostosis is
increasing, the initial in utero event that activates
these pathways remains to be identified. Intrauter-
ine head constraint has been implicated in initiat-
ing craniosynostosis and has recently been shown in
an animal craniosynostosis model to result in acti-
vation of TGF-b isoforms in a pattern similar to
normal suture fusion. A number of conditions and
teratogens can result in premature fusion of sutures
(secondary craniosynostosis): hyperthyroidism, rickets,
mucopolysaccharidoses and related disorders,
hematologic disorders such as thalassemia and
sickle cell anemia, and teratogens such as retinoic
and valproic acid.

Pathologic Anatomy

Patent cranial sutures allow growth of the skull in
a direction perpendicular to the suture. When
growth is restricted by early fusion, Virchow’s law
(1851) states that compensatory growth occurs par-
allel to the fused suture. For example, premature
sagittal suture fusion results in constricted bipari-
etal width with compensatory anteroposterior elon-
gation, or scaphocephaly; metopic fusion results 
in constricted anterior transverse growth with a
compensatory forehead keel, or trigonocephaly; 
and unicoronal synostosis causes constricted antero-
posterior growth of the ipsilateral forehead with
compensatory contralateral frontal bossing, or 
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unilateral frontal plagiocephaly. Even so, Virchow’s
law fails to explain all of the regions of growth
restriction and compensation observed clinically.

The pathologic anatomy is not limited to the cal-
varia, but also affects the cranial base to varying
degrees. In 1959, Moss proposed that the primary
pathology is in the cranial base and that the cal-
varial findings are secondary. If the cranial base
pathology becomes normalized after cranial vault
remodeling, however, this would suggest that the
calvaria and not the endocranium is the location of
the initiating event.

Diagnostic Studies

Clinical examination is the cornerstone for diagno-
sis of the different forms of craniosynostosis. As
described earlier, fusion of each suture results in a
characteristic change in calvarial morphology. The
examination should include observation of the shape
of the head, the symmetry and position of the facial
bones, the relative ear position, and the alignment
of the posterior skull base.

Fused cranial sutures may have a palpable bony
ridge, whereas patent sutures can often be demon-
strated by ballottement in a young infant. In a calm
infant with patent sutures, the anterior fontanelle
should be soft and open. A record of previous head
circumference measurements plotted on a stan-
dardized curve can give an indication of the rate of
cranial growth in relation to the child’s weight and
length. Children with syndromic or familial synos-
tosis should be offered genetic testing.

Children suspected of having craniosynostosis
should undergo craniofacial computed tomography
(CT) to examine the sutures and rule out an associ-
ated intracranial anomaly. A plain radiograph is
reassuring if all sutures can be clearly visualized,
but it is nonspecific if a particular suture is difficult
to visualize. Three-dimensional CT is useful to
appreciate the overall shape of the cranium, but it
can give false-positive results of suture fusion
because of computer averaging; axial cuts should
also be examined.

The differential diagnosis of unilateral cranial
flattening or plagiocephaly includes unilateral
coronal synostosis, unilateral lambdoid synostosis,
and nonsynostotic or deformational plagiocephaly.
The incidence of deformational plagiocephaly has
increased dramatically since institution of the “Back
to Sleep” campaign in the early 1990s. This condi-
tion can be treated nonoperatively with positional
changes or helmet molding in all but a few rare
cases. Clinical examination of the shape of the
cranium and forehead, the facial midline, the rela-
tive ear position, the posterior skull base, and the
occiput should result in an accurate diagnosis of uni-
lateral plagiocephaly (Fig. 1).

The metopic suture is the first cranial suture to
fuse in a normal infant and does so between 3 and
9 months of age. A controversial subgroup consists
of children with the mild form of true metopic syn-
ostosis. These children have clinical and radio-
graphic evidence of premature metopic fusion, mild
hypotelorism, and variable temporal hollowing and
lateral brow recession. Unlike the more severe forms
of trigonocephaly, this mild degree of deformity does
not always justify an intracranial procedure. Some
studies suggest that children with isolated metopic
synostosis are at risk for mental retardation or
learning disorders, but it is not clear from the data
that early surgery in these particular children
decreases this risk.

Dolichocephaly of prematurity can be clinically
confused with sagittal synostosis; however, on CT
examination the former has a patent sagittal suture.
As head control improves in the premature infant,
the dolichocephaly typically improves but may
require molding therapy in some cases. The early
surgical procedures that are usually reserved for
sagittal synostosis should not be performed on these
infants.

Reconstructive Goals

The goal of cranial reconstruction is to create a
cranium with a volume and shape that will be
appropriate after the anticipated future growth of
the child. To accomplish this goal, the areas of
restricted growth are expanded and the regions 
of compensatory bossing are contoured. Except for
sagittal synostosis, correction needs to be exagger-
ated. The retruded brow of coronal synostosis must
be overadvanced; the constricted brow of metopic
synostosis must be overexpanded. Within months of
the operation, soft tissue forces and bone graft
remodeling “soften” the reconstruction to achieve a
desirable brow contour.

Syndromic craniosynostoses are recognized as
having the greatest rate of secondary procedures.
This rate can be minimized by operating after 1 year
of age when possible (see the section “Timing”), and
by consciously overadvancing the bifrontal projec-
tion and dropping the turricephaly. The specific
reconstructive goals vary depending on the type of
craniosynostosis (Table 1).

Treatment

Timing

The optimal timing of craniosynostosis repair
depends on a multitude of factors, including the
presence of elevated intracranial pressure (ICP), the
operative technique used, and surgeon preference.
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Operations performed at a younger age have the
potential advantages of prevention of early ICP-
related damage, better reossification of cranial
defects, and less extensive surgery. In contrast, later
surgery is reported to have better long-term results,
more substantial bone to remodel, and lower rates
of reoperation. The risk for intracranial complica-
tions from prolonged elevations in ICP needs to be
determined on a case-by-case basis and factored into
the timing decision.

For sagittal synostosis, strip craniectomies,
including extended strip craniectomies, depend on
brain growth to remodel the shape of the skull and
therefore need to be performed early (4 to 12 weeks
of age) because they are markedly less effective after
6 months of age. More extensive remodeling proce-
dures such as the modified “pi” procedure can be per-
formed at a later age with a predictable result. Total
cranial vault remodeling with craniectomy and bone
graft repositioning is used to treat sagittal synosto-
sis after 1 year of age.

Performance of cranial vault remodeling from 6 to
10 months of age is preferred to take advantage of a
more substantial and stable frontal bandeau con-
struct and to permit reossification of cranial defects.

The results of cranial vault remodeling for 
syndromic craniosynostosis (e.g., Apert, Crouzon,
Pfeiffer) are uniformly worse than those for non-
syndromic cases. Reoperation rates reported in the
literature for these patients range from 11% to 27%.
At the Consensus Conference on Craniosynostoses
in 1995, it was recommended that frontoorbital
advancement be performed “as late as possible” for
syndromic craniosynostosis to minimize the risk of
reoperation. It was recognized that the severity of
associated problems, such as increased ICP or exor-
bitism, might necessitate early surgery. Children
with signs of elevated ICP and progressive exor-
bitism receive an early operation; those who remain
stable undergo reconstructive surgery between 12
and 15 months of age.

Surgery

Because of the potential risks of severe morbidity or
mortality associated with the surgical correction of
craniosynostosis, all precautions must be taken
before commencing the procedure. A successful oper-
ation requires cooperation between an experienced
pediatric anesthesiologist, a craniofacial surgeon,

A B

Figure 1 • Clinical findings of unicoronal and unilambdoid synostosis. A, The cranial midline, supraorbital rims, radix, nasal tip, Cupid’s
bow, and chin have been marked on a patient with right unicoronal synostosis. The frontal findings of unicoronal synostosis include
ipsilateral frontal flattening, supraorbital elevation and deviation of the nasal root to the affected side, contralateral frontal bossing,
and chin deviation. B, The posterior findings of left unilateral lambdoid synostosis (fused suture marked with a zigzag) include 
ipsilateral mastoid bossing (dotted circle), occipital flattening and upward elevation of the skull base (small arrow), and contralateral
compensatory parietal bossing (large arrow).
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removal and remodeling of the superior lateral
orbital rims through mobilization of a supraorbital
bandeau with bilateral temporal extensions. Resid-
ual parietal bossing posterior to the craniotomy can
be corrected with barrel stave osteotomies.

An asymmetric supraorbital bandeau is preferred
for the treatment of unicoronal synostosis (Fig. 2A).
On the side of the fused suture, wide temporal
extension with a C-shaped lateral rim osteotomy is
performed, and the temporal extension is advanced
and rotated forward. On the contralateral (patent
suture) side, only a small posterior rotation of the
lateral brow region is needed to address the com-
pensatory bossing (see Fig. 2B). To perform this
repair, the temporal extension is truncated to
approximately 1 cm in length, and the lateral orbital
rim is cut at the level of the zygomaticofrontal
suture. For metopic and bicoronal synostosis, the
bandeau is raised symmetrically with bilateral tem-
poral extensions and C-shaped lateral rim
osteotomies to achieve symmetric advancement
(Fig. 3).

On a side table, the supraorbital bandeau is
reshaped. Bossing of the temporal flange is straight-
ened with a rib bender. To increase intraorbital
width for the treatment of metopic synostosis, a
number of techniques can be used. The supraorbital
bandeau can be cut in half through the midline and
a 1- to 1.5-cm bone graft interposed (see Fig. 3).
Another option is to create a sliding step osteotomy
to achieve the widening without a bone graft.

The desired position of the supraorbital bar
depends on the type of craniosynostosis. For metopic
synostosis, the cranial expansion mostly comes 
from advancement and widening of the lateral brow
region, with only a small advance at the midline (see
Fig. 3). For unicoronal synostosis, the affected brow
needs to be advanced and rotated anteriorly,
whereas the contralateral brow is rotated posteri-
orly (see Fig. 2). For bicoronal synostosis, a large
anterior advancement with anterior rotation is
required. The altered and advanced bandeau is
secured in place with resorbable plates and screws.
The tip of the C-shaped lateral rim osteotomy is 
not returned orthotopically but, instead, is secured
to the lateral aspect of the inferior orbital rim 
to accommodate advancement or expansion of 
the supraorbital bar. Two wires are used at the
nasofrontal junction, except for unicoronal synos-
tosis, for which only the unaffected nasofrontal side
is attached because of the twist or torque at the
midline of the bar. With large bilateral advance-
ments, such as for bicoronal synostosis, the
nasofrontal segment of the bandeau cannot be
secured at the nasofrontal junction without the use
of interposed bone graft. The temporal extensions of
the supraorbital bar are overlapped with the oppos-
ing cranial struts and secured with resorbable lag
screws or plates.

After the supraorbital bandeau is in the desired
position, the bone remaining from the craniotomy is

and a pediatric neurosurgeon to optimize airway
and vascular control during the procedure.

ANTERIOR CRANIAL VAULT REMODELING AND
FRONTOORBITAL ADVANCEMENT. Anterior cra-
nial vault remodeling with frontoorbital advancement
involves removal and remodeling of the abnormal
forehead unit as part of a frontal craniotomy and

TABLE 1 Reconstructive Goals of Correction 

of Craniosynostosis

Unicoronal Synostosis

Advance the affected hemibrow and rotate it anteriorly
to increase anterior cranial volume

Rotate the contralateral hemibrow posteriorly to
correct compensatory bossing

Flatten the ipsilateral compensatory temporal bossing
by flattening the temporal extension of the bandeau

Achieve a normal brow-forehead relationship

Bicoronal Synostosis

Advance the brow and rotate it anteriorly to increase
anterior cranial volume

Flatten compensatory temporal bossing as part of the
bandeau

Correct compensatory turricephaly
Achieve a normal brow-forehead relationship

Metopic Synostosis

Advance the lateral aspects of the brows to increase
anterior cranial volume

Straighten the midline brow angulation
Increase the transverse dimension of the brow and

superior orbital rims with bone grafts and contouring
Create a defined lateral brow angulation
Correct the compensatory bitemporal bossing
Achieve a normal brow-forehead relationship

Sagittal Synostosis

Correct occipital and/or frontal bossing
Increase the bitemporal and biparietal distance
Decrease the sagittal length

Unilateral Lambdoid Synostosis

Expand the affected half of the posterior vault
Correct the compensatory ipsilateral occipital bossing
Correct contralateral parietal bossing
Reconstruct the ipsilateral parietal curvature
Create a stable occiput

Bilateral Lambdoid Synostosis

Expand the posterior cranial vault
Create a stable occiput
Correct compensatory turricephaly

Multiple Suture or Syndromic Synostosis

Stage the surgery when necessary
Perform surgery later if possible
Attempt to overcorrect turricephaly and overadvance

the bandeau
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A B

Figure 2 • Supraorbital bandeau alteration for unicoronal synostosis. A, Frontal view of a removed bandeau. On the synostosed
(patient’s right) side, the lateral orbital rim is incorporated into the bandeau with a C-shaped osteotomy. On the contralateral side, the rim
is truncated at the zygomaticofrontal suture B, Vertex view of an altered supraorbital bandeau before wiring of the frontal bone plates.
The synostosed (right) lateral brow has been advanced and rotated anteriorly (arrowhead ) whereas the contralateral brow (left) has
been rotated slightly posteriorly (arrow) to achieve the desired overcorrection. The frontal bone flaps have been secured with sutures.

A1 A2

B1 B2

Figure 3 • Supraorbital bandeau alteration for metopic synostosis. A, The supraorbital deformity in metopic synostosis includes bilat-
eral temporal compensatory bossing, constriction of the transverse width of the lateral aspect of the brow, and midline angulation. 
B, The bandeau is altered to flatten the temporal bossing and create lateral brow angulation. A 10- to 15-mm-wide bone graft is inter-
posed at the midline osteotomy and held in place with a resorbable plate on the intracranial side. With replacement of the bandeau,
there is a small advance at the midline, but the majority of the expansion is at the lateral aspect of the brow.
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used to reconstruct the forehead. The segments are
rotated and interchanged until the desired brow-
forehead relationship is achieved. The frontal bone
is secured to the bandeau with resorbable sutures
at the points of bone contact.

POSTERIOR CRANIAL VAULT REMODELING. Poste-
rior cranial vault remodeling for bilateral lambdoid
synostosis or late posterior sagittal synostosis
involves removal of the affected cranial bone fol-
lowed by creation of a stable, symmetric construct
with an appropriate shape. With removal of the
affected bone, the surgeon must create a stable con-
struct on which the patient can rest postoperatively.

For unilateral lambdoid synostosis, the cra-
niotomy should include the majority of the occipital
deformity. Any residual contralateral parietal
bossing that is not included in the craniotomy can
be corrected with barrel stave closing wedge
osteotomies. The posterior craniotomy bone is cut in
half and the two halves exchanged and contoured
until the desired shape has been achieved. The goal
is to create the appropriate ipsilateral parietal cur-
vature with calvaria from the contralateral parietal
bossing.

CORRECTION OF SAGITTAL SYNOSTOSIS. A
variety of techniques ranging from simple strip
craniectomies, to calvarial remodeling, to complete
calvariectomy can be used to treat sagittal synosto-
sis. Of these techniques, more reliable normaliza-
tion of cranial proportions can be achieved by
cranial vault remodeling than by limited or
extended strip craniectomy.

A technique of endoscopic craniectomy for early
surgical correction of sagittal synostosis, as well as

other types of isolated synostosis, has recently been
reported. The advantage of endoscopic craniectomy
over conventional open strip craniectomy would be
a decrease in the size of incisions, blood loss, opera-
tive time, cost, and recovery time. To address previ-
ous concerns over the long-term results after simple
strip craniectomy, the endoscopic technique is com-
bined with postoperative molding helmet therapy
instituted within 2 weeks postoperatively and con-
tinued to the age of 8 months.

The authors prefer to treat infants with sagittal
synostosis by extended strip craniectomy and
biparietal barrel staving at 4 to 12 weeks of age. The
cranial vault is effectively remodeled with a variety
of other procedures when performed at a very young
age. For infants older than 4 months, the authors
prefer a modified “pi”-type strip craniectomy with
barrel stave osteotomies (Fig. 4). If a child is
referred with sagittal synostosis after 1 year of age,
complete cranial vault remodeling is considered.

Infants with sagittal synostosis can have one of
the following cranial pathologies: (1) predominantly
posterior calvarial involvement with an occipital
protuberance and biparietal narrowing; (2) scapho-
cephaly, frontal bossing, and narrowing of the ante-
rior cranial fossa without significant occipital
narrowing; or (3) a more severe combination of ante-
rior and posterior deformities. Children with either
primarily occipital or frontal narrowing can be
treated with one operation in the prone or supine
position, respectively. To perform the modified “pi”
procedure, osteotomies are performed on either side
of the sagittal suture and coronal sutures to create
a pattern similar to the Greek letter p (see Fig. 4A).
Vertical barrel stave osteotomies are performed on
the parietal bones and lambdoid region and

A B

Figure 4 • Vertex (A) and lateral (B) views of modified pi osteotomies for the correction of sagittal synostosis. The pi pattern is
created by osteotomies on either side of the coronal and sagittal sutures. Barrel stave osteotomies down to the cranial base are used
to expand the biparietal dimension. Closing wedge osteotomies at the tip of the barrel staves will force an expansion when they are
approximated with sutures or wires. The anterior-posterior dimension is decreased by removing a square of bone from the anterior
fused sagittal suture and closing the gap under tension with wires. (Courtesy of Dr. Joseph Gruss.)
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extended as far inferior as possible. A portion of the
anterior fused sagittal suture is resected such that
when the midline gap is reapproximated with wires,
the posterior calvaria is advanced to correct the
occipital bossing and prevent further deformity of
this region.

The “hung span” or cranial vault remodeling pro-
cedure has been reported to stabilize the barrel
staves in a separated, expanded position with a long
spanning resorbable plate and screws. This tech-
nique was described only for use in older children
undergoing delayed or late secondary reconstruction
when there was concern that the brain and dura
would not support the parietal expansion to the
same degree as in younger infants. For children
older than 12 months, the bone becomes too stiff for
modified strip calveriectomies, and the affected bone
of the occiput needs to be removed and reshaped as
a formal calvarial remodeling procedure.

Surgical Care of Syndromic
Craniosynostosis

Patients with syndromic craniosynostosis require
multidisciplinary coordinated care through a cranio-
facial program. Their surgical treatment involves
multiple surgical procedures staged over the first 18
years of life (Fig. 5 and Table 2). When compared
with isolated craniosynostosis, the craniosynostosis
syndromes are associated with higher relapse and
reoperation rates after cranial vault remodeling, 
as well as a greater risk for increased ICP and 
operative complications. The timing of cranial 
vault remodeling with frontoorbital advancement is
tailored to the individual patient. Infants with
severe exorbitism or increased ICP require early
aggressive expansion in the first few months of life.
In patients without these early functional problems,
a more reliable, long-lasting result can be achieved
if the surgery is delayed until 12 to 15 months of age.

A majority of the craniosynostosis syndromes are
associated with midface hypoplasia, which requires
treatment with advancement surgery at the LeFort
III level. Timing of this procedure depends on the
patient. Functional problems (globe exposure, sleep
apnea, nasopharyngeal airway compromise,
extreme malocclusion) or severe dysmorphism is
treated by early midface advancement after 3 years
of age. The earlier the surgery is performed, the
higher the risk that repeat advancement will be
required. Definitive orthognathic surgery is still
required at skeletal maturity, after orthodontic
treatment has been completed.

Traditional midface advancement involves
advancing the facial skeleton as a LeFort III
segment intraoperatively and stabilizing it in the
advanced position with autogenous bone grafts. The
degree of advancement with this technique is
limited to 10 to 15 mm because of resistance from

the associated soft tissues. To overcome this limita-
tion and minimize the need for repeat operations,
the principle of distraction osteogenesis has been
applied to LeFort III or midface advancement. With
this technique, the osteotomies are completed in
standard fashion; however, after the bone segment
has been fully mobilized, the incisions are closed and
a postoperative course of distraction or device acti-
vation is started at a rate of 1 mm/day. Gradual
advancement slowly overcomes the soft tissue resis-
tance and permits advancements of greater than 
2 cm. The distraction is followed by a period of 
consolidation, during which the osseofibrous tissue
generated in the osteotomy ossifies and stabilizes
the advanced segment.

The vector of midface distraction is planned pre-
operatively by using cephalogram images, but it is
typically parallel to the Frankfort horizontal. The
vector should be designed in a manner to optimize
the position of the malar prominence, with a sec-
ondary consideration being the occlusal relation-
ship. If the LeFort III segment is rotated inferiorly
to close the occlusion of syndromic children with
large anterior open bites, the vertical height of 

Figure 5 • An infant with a severe Crouzon phenotype. In the
first few months of life he has already undergone a tra-
cheostomy for airway protection, as well as early frontoorbital
advancement to treat increased intracranial pressure, func-
tional exorbitism, and corneal exposure. A midface distraction
will be performed in early childhood.
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to the temporal bone. External devices pull the
maxilla forward with a halo base secured to the
cranium (Fig. 6). The disadvantage of internal
devices is that the maximum soft tissue resistance
during midface distraction is experienced by the
maxilla whereas the distraction force is exerted on
the zygomas. Between these opposing forces lies the
zygomatic-maxillary suture, which is the weakest
point of the LeFort III segment and therefore sus-
ceptible to fracture or dislocation. This can result 
in suboptimal advancement of the maxilla with
overadvancement of the zygomas. The disadvantage
of external devices is the bulky hardware that the
child wears for 2 to 3 months; however, the distrac-
tion force is exerted on both the maxilla, through a
dental splint, and the zygomas, through percuta-
neous posts, thereby minimizing stress on the zygo-
maticomaxillary suture.

Postoperative Care

Except in rare cases, infants undergoing surgery for
craniosynostosis can be extubated at the end of the
procedure. We routinely perform postoperative CT
to rule out intracranial bleeding or other complica-
tions. Perioperative gram-positive antibiotic cover-
age is administered until the scalp drains are
removed, 2 to 3 days after the operation. The
parents should be informed preoperatively about the
expected degree of postoperative swelling. After
frontoorbital advancement, periorbital swelling typ-
ically obscures the patient’s vision within 24 to 48
hours. The swelling usually subsides to allow sight
around the third or fourth postoperative day. The
total hospital stay for craniosynostosis ranges from
2 to 5 days, depending on the procedure performed
and any comorbid conditions.

Pearls and Pitfalls

• Misdiagnosis. Deformational plagiocephaly,
isolated metopic ridging, and dolichocephaly of
prematurity must not be misdiagnosed and
treated as craniosynostosis.

• Undercorrection. It is difficult to overadvance
the frontal bandeau when treating unicoronal
or metopic synostosis. It is even more difficult
with syndromic bicoronal synostosis. At the end
of the operation, the brow should be overpro-
jected with smooth, but well-defined lateral
angulation. Failure to overcorrect results in a
suboptimal outcome within 12 months of
surgery.

• Instability. The brow and posterior calvaria 
are particularly susceptible to postoperative
deformational forces. The strength of the 

the orbits will be abnormally increased, and an
undesirable relationship between the cheek and
globe will result. Definitive occlusal surgery can be
performed later at skeletal maturity with an
osteotomy at the LeFort I level.

Midface distraction devices are either internal or
external. The current internal devices push the body
of the zygoma by using a screw mechanism anchored

TABLE 2 Timeline for Surgical Treatment of

Syndromic Craniosynostosis

Postnatal

Airway obstruction—tracheostomy
Globe exposure—tarsorrhaphy
Feeding problem—gastric tube placement
Associated congenital anomalies—treat

Early Infancy

Increased intracranial pressure—early cranial vault
expansion

Hydrocephalus—ventriculoperitoneal shunt

6 Months

Two-stage cranial expansion needed—posterior vault
expansion

9-12 Months

Anterior cranial vault remodeling with frontoorbital
advancement

Cleft palate repair
Staged hand surgery commences

12-15 Months

Delayed anterior cranial vault remodeling with
frontoorbital advancement (especially Apert’s
syndrome)

2-3 Years

Large full-thickness cranial defects—autogenous bone
graft

Recurrence of deformity—repeat expansion

3-4 Years

Severe obstructive sleep apnea/lack of globe
protection/severe dysmorphism—early LeFort III
midface advancement

5-7 Years

Symptomatic midface hypoplasia—LeFort III midface
advancement

10 Years

Dental/orthodontic preparation for orthognathic surgery

Skeletal Maturity

Appropriate orthognathic surgery
External nasal deformity—rhinoplasty
Forehead contour deformity—onlay bone graft/

alloplast
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reconstruction should not rely solely on the
hardware, but also on attention to maximizing
bone-to-bone contact at the osteotomy sites.

• Premature surgery. Frontal bandeau advance-
ment should be performed as late as possible
for the treatment of syndromic brachycephaly.

• High forehead. The posterior slope of the fore-
head unit typically starts around 1 to 1.5 cm
above the superior orbital rims. If the slope is
designed too high or too steep, a postoperative
appearance of a flat, high forehead will result.

• Palpable hardware. Care must be taken to
ensure that the hardware used to secure the
construct is not palpable through the skin.
Wire ends can be buried in adjacent bone holes,
and resorbable plates can be placed on the
intracranial surface. The time frame for com-
plete resorption of current resorbable plates
remains unknown, but residual plating mater-
ial can be found in some patients more than 2
years after the operation.

• Sphinx position. Because of the increased risk
for venous air embolism, use of the sitting or
“sphinx” position for the treatment of cranio-
synostosis should be limited; a two-stage pro-
cedure, prone followed by the supine position,
is preferred.
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Figure 6 • LeFort III midface distraction osteogenesis performed with an external halo-based distraction device in a patient with
Crouzon’s syndrome. The patient had previously undergone frontoorbital advancement. A, Before distraction, the patient’s primary
complaint was malocclusion and inadequate globe protection. B, After 2 weeks of distraction, the LeFort III segment has been
advanced 2 cm to achieve a planned overcorrection in anticipation of future mandible growth. The occlusal relationship will be opti-
mized at skeletal maturity with orthodontic therapy and secondary midface advancement.
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This chapter highlights the etiopathogenesis, clini-
cal manifestations, and treatment options for clefts
of the craniofacial skeleton. These clefts are associ-
ated with variable involvement of bone and soft
tissue. Some display severe deformities of the face
and skull, whereas others may be barely noticeable.
The surgeon must therefore identify which struc-
tures are involved and outline treatment options
that adequately address each component of the 
malformation.

Etiopathogenesis

Two embryologic theories have been proposed to
explain the etiology of facial clefting. The classic
theory holds that clefting is the result of failure of
fusion between the facial processes. An alternative
theory suggests that clefting is the result of a failure
of neural crest migration.

The true incidence of craniofacial clefting is
unknown, with estimates ranging from 1.5 to 6 per
100,000 births. The majority are sporadic, but their
occurrence may result from many factors, both envi-
ronmental and genetic. Suspected environmental
factors include infection and prenatal radiation, as
well as maternal drug ingestion, dietary deficiency,
and metabolic derangement. Drugs with known 
teratogenic potential include anticonvulsants,
chemotherapeutics, corticosteroids, and tranquiliz-
ers. Hereditary factors play a stronger role in the
Treacher Collins and Goldenhar syndromes.

Classification

In general, facial clefts are described and classified
according to both their skeletal and soft tissue
involvement.

Craniofacial Clefts and 
Orbital Hypertelorism

PETER J. TAUB
HENRY K. KAWAMOTO, JR.

The most widely used system to classify facial
clefts was proposed by Tessier (Fig. 1). This system
numbers clefts from 0 to 14, with the center of the
orbit used as the reference landmark. A No. 0 cleft
is located in the lower portion of the facial midline
and continues superiorly as a No. 14 cleft. Clefts 1
through 6 run more laterally in the lower part of the
face. Clefts 7 and 8 are located at the lateral corner
of the eye, and Nos. 9 through 13 return to the
midline in the upper portion of the face. Midline 
and paramidline clefts often produce hypertelorism
as the distance between the orbital cavities is
increased.

Diagnostic Studies

Preoperative evaluation of patients with severe
craniofacial clefts begins with a complete history
and physical examination, including ophthalmologic
assessment, to evaluate what tissues are deficient
and what tissues may be used in the reconstruction.

Specific radiographic studies include cephalo-
grams and computed tomographic scans of the head
and neck.

Goals of Reconstruction

In most craniofacial clefts, reconstruction of both the
skeletal and soft tissue defects is required. For mild
clefts, there is no urgency, and delay may even facil-
itate repair. For more severe clefts, the initial repair
should be undertaken early. During infancy, proce-
dures are generally limited to the soft tissues, and
skeletal reconstruction may best be postponed until
childhood.
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In reconstructing the soft tissue defects, local
flaps designed along aesthetic lines are preferred. In
most instances, multiple procedures over a period of
many years are required to achieve optimal aes-
thetic results. Tissue expanders may be helpful to
recruit soft tissue and avoid wound closure under
tension.

Skeletal reconstruction may involve osteotomies
and bone grafts. When indicated, autogenous bone
harvested from the calvaria, rib, or iliac crest (or a
combination of these sources) is preferable to allo-
plastic material. The use of bone grafts in younger
children can potentially have adverse affects on
growth, and they are prone to resorption. For
patients with significant hypoplasia, this problem is

less important because their growth potential is
already diminished.

Clefts

Each of the following clefts is discussed individually.
They have a spectrum of manifestations that may
include some or all of the anatomic derangements
noted.

No. 0 Cleft

A No. 0 cleft (Fig. 2) involves the midline of the face.
It may continue superiorly into the cranium as a No.
14 cleft. The defect may involve hypoplasia or dupli-
cations of the affected structures. The abnormalities
may be mild, such as minimal notching of the lip
vermilion or nose, or severe, such as wide division
of all midline craniofacial structures. Midline clefts
of the mandible (No. 30) result from failure of fusion
of the first branchial arches.

PATHOLOGIC ANATOMY

Osseous Defects

1 Diastema between the central incisors that con-
tinues posteriorly in the midline of the 
premaxilla

2 Keel-shaped alveolus with the teeth directed
toward the cleft

3 Anterior open bite
4 Duplicated anterior nasal spine
5 Bifid nose, thickened and often duplicated

nasal septum, and broad nasal bones
6 Enlargement of the sphenoid and ethmoid

sinuses

7

7

6

8

9
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4
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1312111 2 3

30
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3

Figure 1 • Facial cleft classification system proposed by
Tessier.

Figure 2 • No. 0 cleft.
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7 Reduced midline facial height
8 Associated orbital hypertelorism

Soft Tissue Defects

1 Deficiency in the midline of the upper lip
2 Broad philtral columns
3 Fibrous band extending along the margins 

of the columella and drawing the upper lip
superiorly

4 Duplicated labial frenulum

In hypoplastic cases, any of the following can be
partial or absent: philtrum, columella, premaxilla,
and nasal septum. There may also be associated
deformities of the eye, scalp, and forebrain.

TREATMENT. Reconstruction of the lip should pre-
cisely repair the orbicularis muscle and align the
vermilion. These repairs should be performed in
infancy and, in selected cases, can be done intra-
orally.

A bifid frenulum does not require repair unless 
it is associated with a gap in the alveolus between
the central incisors. A bifid tongue tethered by a
short frenulum can be released with a Z-plasty and 
reapproximated.

The absence of a premaxilla contributes to col-
lapse of the lateral dental arches. Prevention
requires placement of interpositional bone grafts.
Established collapse of the maxilla can be corrected

with a LeFort I osteotomy and rapid palatal 
expansion.

No. 1 Cleft

A No. 1 cleft (Fig. 3) is a paramedian cleft of the
lower portion of the face that passes through the
alar dome of the nose. It may continue superiorly
into the cranium as a No. 13 cleft.

PATHOLOGIC ANATOMY

Osseous Defects

1 Diastema between the central and lateral
incisors that continues through the piriform
aperture lateral to the anterior nasal spine and
may traverse the hard and soft palates

2 Keel-shaped alveolus with orientation of the
teeth toward the cleft

3 Anterior open bite
4 Cleft at the junction of the nasal bone and

frontal process of the maxilla
5 Displaced and flattened nasal bones
6 Associated orbital hypertelorism

Soft Tissue Defects

1 Deficiency within Cupid’s bow extending through
the dome of the alar cartilage of the nose

2 Short, broad columella

Figure 3 • No. 1 cleft.
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3 Broad nasal bridge
4 Flattening of the lateral aspect of the nose
5 Passage medial to the palpebral fissure without

involvement of the eyelid
6 Lacrimal system uninvolved
7 Medial canthus laterally displaced
8 Distortion of the medial corner of the eyebrow

TREATMENT. Repair of the lip again follows the
principles of standard cleft lip repair. Notching of
the lower lateral cartilage can be repaired with an
autogenous cartilage graft.

No. 3 Cleft

A No. 3 cleft (Fig. 5) is one of the more common facial
clefts and involves the paramidline structures of the
face. It has been referred to as an “oblique facial
cleft” and “oronasoocular cleft.”

Because of its location, communication between
the oral cavity, nasal cavity, maxillary sinus, and
orbit is created. The inferior punctum of the lacrimal
apparatus is displaced inferiorly, thereby causing
obstruction of the lacrimal duct. The lower canalicu-
lus is malformed, and the drainage system ends as
an opening directly onto the cheek without entrance
into the nasal cavity.

A No. 3 cleft tends to have equal sex distribution
and an equal distribution of right, left, and bilateral
involvement. Bilateral cases are often seen in con-
junction with a No. 4 or 5 cleft on the contralateral
side.

PATHOLOGIC ANATOMY

Osseous Defects

1 Diastema between the lateral incisor and
canine that continues superiorly through the
lateral piriform rim, medial maxillary wall,
and medial third of the infraorbital rim

2 Flattened maxillary arch
3 Location lateral to the nasal bones
4 Involvement of the orbit with inferior displace-

ment of the globe as a result of absence of the
orbital floor

5 Frontal process of the maxilla absent with
passage of the cleft obliquely through the
lacrimal groove

6 Mild narrowing of the sphenoid and ethmoid
sinuses

Soft Tissue Defects

1 Cleft extends from Cupid’s bow along the
philtral column and onto the alar base of the
nose

2 A foreshortened nose pulled superiorly at the
alar base and flared in the region of the defi-
cient tip

3 Deviation of the nasal tip and septum away
from the side of the cleft

4 Extension medial to the medial canthus

TREATMENT. Repair of the cleft lip and nasal defor-
mity follows the basic principles of cleft lip repair.
Nasal reconstruction requires reapproximation of
the alar cartilage and excision of excess skin and soft
tissue. Replacement of deficient cartilage can be
accomplished with a donor graft from the ear.

No. 2 Cleft

A No. 2 cleft (Fig. 4) is rare. It is also a paramedian
facial cleft that lies slightly more lateral than a No.
1 cleft. It may continue superiorly in the cranium as
a No. 12 cleft.

PATHOLOGIC ANATOMY

Osseous Defects

1 Diastema between the lateral incisor and
canine

2 Intact maxillary sinus
3 Deviation of the nasal septum away from the

cleft
4 Continuation between the nasal bones and the

frontal process of the maxilla
5 Associated orbital hypertelorism

Soft Tissue Defects

1 In the region of the common cleft lip
2 Hypoplasia of the middle third of the alar rim

Figure 4 • No. 2 cleft.
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3 Deficient perinasal tissues, cheek, and medial
third of the lower eyelid

4 Hypoplastic and inferiorly displaced medial
canthus

5 Colobomas located medial to the punctum
6 Microphthalmos with inferiorly and laterally

displaced eyes
7 Deficiency between the medial canthus and

inferior lacrimal punctum

TREATMENT. A No. 3 cleft is one of the most diffi-
cult malformations to treat. Early repositioning of
the soft tissues of the face is indicated for corneal
exposure and the general appearance of the infant.

Soft tissue must be introduced into the medial
canthus and the alar base, preferably with a 
medially based musculocutaneous flap from the
upper eyelid. The medial canthal tendon is detached
from its inferior position to allow the palpebral
fissure to move superiorly to match the contralateral
side.

The junction between the skin and mucosa of the
lateral cheek elements is incised, and mucosal flaps
are elevated into the mouth and nasal cavity. Bilat-
eral gingivobuccal incisions are made to rotate the
lip inferiorly and advance it medially. Dissection of
the nasal sidewall is performed just above the bone
to allow the soft tissues of the nose to move inferi-
orly. Lining is obtained from the mucosa of the nasal
floor or septum.

The medial canthus is reconstructed with
transnasal surgical wires. Bone grafts may be used
to reconstruct the deficient orbital floor.

Closure of the lip is performed either as a defini-
tive repair or as a lip adhesion. With minimal
tension and sufficient length, primary repair of the

bilateral lip cleft may be performed. In cases with
excess tension and an already lengthy primary pro-
cedure, simple lip adhesion may be preferable.

PEARLS AND PITFALLS

• Soft tissue deficiency in the lower eyelids
results in corneal exposure.

• Avoid unnecessary procedures on the upper
eyelids so that they may be used for recon-
struction of the lower eyelids.

• The position of the medial canthus and its 
relationship to the lateral alar base must be
appreciated.

• Secondary attempts to realign the medial
canthi in the vertical plane are less successful
than a carefully planned primary reconstruction.

No. 4 Cleft

A No. 4 cleft (Fig. 6) passes on the cheek, away from
the nose. Unilateral clefts have a 2:1.3 right-to-left
ratio and a 2.5:1 male-to-female ratio. Bilateral
clefts have an equal frequency in both sexes.

PATHOLOGIC ANATOMY

Osseous Defects

1 Diastema passing between the lateral incisor
and canine and continuing superiorly through
the maxillary sinus lateral to the piriform aper-
ture and medial to the infraorbital foramen

2 Intact medial wall of the maxillary sinus and
separate nasal cavity

3 Termination of the cleft at the medial aspect of
the inferior orbital rim

Figure 5 • No. 3 cleft (photograph represents a bilateral example).
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4 Associated posterior choanal atresia
5 When bilateral, the premaxilla is often protru-

sive despite the tendency for midface hypo-
plasia

6 Orbital floor defect

Soft Tissue Defects

1 Deficiency between the upper lip and lower
eyelid that decreases the vertical distance
between the mouth and the medial third of the
eye

2 Passage lateral to the philtral column and
medial to the oral commissure

3 Absent perioral muscles medially
4 Passage lateral to the ala, which is normal in

appearance but superiorly positioned
5 Continuation superiorly through the medial

aspect of the midface and medial third of the
infraorbital rim

6 Sparing of the lacrimal sac but involvement of
the lower lacrimal duct and the inferior
lacrimal punctum

7 Occasional microphthalmos or anophthalmia
8 Inferiorly displaced globe secondary to orbital

floor defects

TREATMENT. Autogenous cranial bone grafts are
used to reconstruct the orbital rim and floor.

Soft tissue reconstruction is performed with a
superiorly based nasojugal flap transposed and

inserted in a subciliary incision after wide soft tissue
undermining. The lateral aspect of the cheek is
advanced medially toward the medial canthus. The
medial canthal tendon has normal structure but is
malpositioned, and the inferior tarsal plate is often
required for reconstruction of the medial canthal
tendon. Despite the ability to repair the lacrimal
duct system over Silastic stents, the results have
been disappointing. When reconstructing the lip,
tissue lateral to the philtral column should be
excised and the lateral lip element brought in to
reestablish the philtral column.

No. 5 Cleft

A No. 5 cleft (Fig. 7) has also been referred to as an
“oblique facial cleft” because of its location just
medial to the lateral commissure of the lip. Among
the few reported cases, a quarter are unilateral, a
quarter are bilateral, and the remainder coexist
with other facial clefts.

PATHOLOGIC ANATOMY

Osseous Defects

1 Diastema between the canine and the first
bicuspid

2 Continuation through a hypoplastic maxillary
sinus, lateral to the infraorbital foramen

3 Termination in the inferolateral portion of the
orbital floor

Figure 6 • No. 4 cleft (photograph represents a bilateral example).
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Soft Tissue Defects

1 Passage running medial to the oral commissure
2 Continuation superiorly on the cheek
3 Foreshortened nose with elevation of the alar

base
4 Termination at the lateral aspect of the lower

eyelid (the upper eyelid and eyebrow are
spared)

5. Occasional microphthalmos

TREATMENT. Treatment of a No. 5 cleft is similar
to that of a No. 4 cleft. Skeletal support can be
achieved with cranial bone grafts.

No. 6 Cleft

No. 6 clefts (Fig. 8) are located in the vicinity of 
the zygomaticomaxillary suture and are similar to
those in the incomplete forms of Treacher Collins
syndrome.

PATHOLOGIC ANATOMY

Osseous Defects

1 Absence of an alveolar cleft
2 Skeletal cleft between the hypoplastic zygoma

and posterior aspect of the maxilla
3 Occlusal cant
4 Posterior choanal atresia
5 Passage into the orbit and communication with

the inferior orbital fissure
6 Increased antegonial angle of the mandible
7 Narrow anterior cranial fossa

Soft Tissue Defects

1 A vertical furrow running from the lateral com-
missure of the mouth to the lateral aspect of
the lower eyelid

2 Inferiorly displaced lateral canthus

Figure 7 • No. 5 cleft.

Figure 8 • No. 6 cleft.
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3 Colobomas between the middle and lateral
thirds of the lower eyelid

4 Microphthalmos
5 Hearing deficits masked by a normal-appearing

external ear

TREATMENT. Management of a No. 6 cleft follows
the same principles as for a No. 7 cleft. The soft
tissue defects should be addressed early. The cleft
margins should be completely excised and the defect
closed in layers. The skeletal reconstruction must
address the zygomatic deficiency. However, because
the zygoma is hypoplastic rather than absent, the
reconstruction is simpler.

No. 7 Cleft

No. 7 clefts (Fig. 9) are the most common of the atyp-
ical facial clefts. They are discussed in the chapter
“Craniofacial Microsomia.”

No. 8 Cleft

No. 8 clefts (Fig. 10) represent malformations cen-
tered around the frontozygomatic suture, usually a
temporal continuation of other defined clefts.

PATHOLOGIC ANATOMY

Osseous Defects

1 Deficiency of the lateral orbital rim
2 In the severe form, the greater wing of the

sphenoid is the only bony support of the lateral
orbit

3 Communication between the orbit and the tem-
poral fossa

Soft Tissue Defects

1 Area of the lateral canthus to the temporal
region

2 Antimongoloid slant of the palpebral fissure
3 Associated anomalies of the globe or periorbital

structures, such as epibulbar dermoids

TREATMENT. Reconstruction of the lateral canthus
is best accomplished by two adjacent Z-plasties
lateral to the lateral canthus. A third Z-plasty is
placed medially along the lower eyelid to release the
skin and allow it to slide laterally.

No. 9 Cleft

A No. 9 cleft (Fig. 11) is rare. It involves the supero-
lateral hemisphere of the orbit and is the extension
of a No. 5 cleft.

PATHOLOGIC ANATOMY

Osseous Defects

1 Through the superolateral orbit, upper wing of
the sphenoid, and the temporal and parietal
bones

2 Hypoplastic greater wing of the sphenoid
3 Foreshortened anterior cranial base

Figure 9 • No. 7 cleft.
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Soft Tissue Defects

1 Through the lateral third of the upper eyelid
and eyebrow

2 Possible microphthalmos with lateral displace-
ment of the globe

3 Continuation into the temporoparietal region of
the scalp with anterior displacement of the
hairline

4 Commonly associated with palsy of the frontal
branch of the facial nerve

TREATMENT. No. 9 and higher clefts involve the
cranium, and thus treatment must address the
contour of the forehead and cranial vault.

The cleft in the eyelid can be excised and recon-
stituted with precise alignment of all components.

No. 10 Cleft

A No. 10 cleft (Fig. 12) is the superior extension 
of a No. 4 cleft and is central in the orbit. It is 

13

1

12

2
11

10

9

8

6

5

4
3

Figure 10 • No. 8 cleft.

Figure 11 • No. 9 cleft. Figure 12 • No. 10 cleft.
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sufficiently medial to be placed in the frontal dys-
plasia group of malformations.

PATHOLOGIC ANATOMY

Osseous Defects

1 Through the middle of the supraorbital rim,
frontal bone, and orbital roof lateral to the
supraorbital foramen

2 Often associated with a frontal encephalocele
3 Secondary, clockwise rotation of the ipsilateral

orbit and counterclockwise rotation of the con-
tralateral orbit

4 Occasional orbital hypertelorism
5 Widening of the anterior cranial base

Soft Tissue Defects

1 Through the middle third of the upper eyelid
and eyebrow

2 Coloboma of the upper eyelid
3 Enlargement of the palpebral fissure
4 Globe inferiorly and laterally displaced
5 Frontal hairline projection joining the lateral

aspect of the eyebrow

TREATMENT. The cranial vault is reconstructed
with autogenous bone grafts. The soft tissue cleft is
excised, and the margins of the defect are reap-
proximated. The orbital hypertelorism is best
managed with bipartition of the face.

No. 11 Cleft

A No. 11 cleft (Fig. 13) has not been reported as an
isolated entity but rather as the superior continua-

tion of a No. 3 cleft. It runs in the superior and
medial aspect of the orbit and is grouped with the
frontonasal dysplasias.

PATHOLOGIC ANATOMY

Osseous Defects

1 Either through or lateral to the ethmoid sinus
2 Orbital hypertelorism
3 Normal anterior cranial base, sphenoid wings,

and pterygoid plates

Soft Tissue Defects

1 Through the medial third of the upper eyelid
and eyebrow

2 Continuation into the medial third of the
frontal hairline

TREATMENT. Treatment is similar to that described
for a No. 10 cleft.

No. 12 Cleft

A No. 12 cleft (Fig. 14) is also among the frontonasal
dysplasias and is the superior extension of a No. 2
cleft. It involves the cranium and medial aspect of
the orbit.

PATHOLOGIC ANATOMY

Osseous Defects

1 Through the flattened, frontal process of the
maxilla with involvement of the more medial
nasal bones and ethmoid labyrinth

2 Enlarged frontal, ethmoidal, and sphenoidal
air cells

Figure 13 • No. 11 cleft.



502 —— Craniofacial Clefts and Orbital Hypertelorism

3 Hypertelorism, telecanthus, and downward
and lateral displacement of the orbit

4 Obtuse frontonasal angle
5 Continuation lateral to the olfactory groove

with sparing of the cribriform plate
6 Widened anterior and middle cranial fossae on

the cleft side
7 Mild asymmetry of the sphenoid wings and

anterior cranial base

Soft Tissue Defects

1 Medial to the medial canthus and continuing
through the root, or medial third, of the
eyebrow

2 Eyelids not involved
3 Frontal hairline just off the midline of the fore-

head with a downward projection

TREATMENT. Treatment of the skeletal defect
involves reconstitution of the underlying cranial
vault and accurate repositioning of the orbit. An
osteotomy of the medial orbital wall is required, and
reconstruction is performed with autogenous bone.

Because the cleft involves the medial nasal bones
and soft tissues of the nose, reconstruction of these
structures is indicated.

Length and projection of the depressed and
splayed nasal dorsum may be achieved with an auto-
genous bone graft.

No. 13 Cleft

A No. 13 cleft (Fig. 15) is a paramedian cleft that is
the superior extension of a No. 1 cleft. It, too, is
grouped with the frontonasal dysplasias. It is the
most lateral of the superior clefts to involve the crib-
riform plate.

PATHOLOGIC ANATOMY

Osseous Defects

1 Between the nasal bones and the frontal
process of the maxilla

2 Extension through the frontal bone and along
a widened olfactory groove

3 Orbital hypertelorism
4 Cribriform plate displaced inferiorly
5 Displacement of the pterygoid plates, greater

and lesser wings of the sphenoid, and anterior
cranial fossa.

Soft Tissue Defects

1 Medial to and sparing the upper eyelid and
eyebrow

2 Inferiorly displaced tongue of the frontal hair-
line

TREATMENT. Reconstruction involves the cranial
vault and overlying skin and soft tissue with cor-
rection of the hypertelorism.

Figure 14 • No. 12 cleft.



Craniofacial Clefts and Orbital Hypertelorism —— 503

P
ed

iatric P
lastic S

u
rg

ery

No. 14 Cleft

A No. 14 cleft (Fig. 16) lies in the superior midline,
often as a continuation of the lower No. 0 cleft. 
It may be manifested as hypoplasia or hyperplasia
of the midline facial structures. Agenesis of the
midline structures is seen in holoprosencephalic 

disorders (cyclopia, ethmocephaly, and cebocephaly).
In these cases, microcephaly and orbital hypotelor-
ism are present. The degree of facial malformation
usually parallels that of the forebrain.

Widened or duplicated midline structures are
observed in patients with frontonasoethmoid dys-
plasia. In these instances, orbital hypertelorism is 

Figure 15 • No. 13 cleft.

Figure 16 • No. 14 cleft.
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produced by midline masses extending from the
forebrain. Previously used terms include “median
cleft face syndrome,” “frontonasal dysplasia,” and
“holoprosencephaly.” In the latter case, the associ-
ated cerebral malformations often mirror the 
external anomalies. The severest forms, which 
manifest as cyclopia, cebocephaly, or ethmocephaly,
are usually fatal.

When examining patients with orbital hyper-
telorism, the normal anatomic relationships of the
eyes should be considered. The palpebral fissure
roughly follows the pattern of the eyebrow. The
intercanthal distance should be measured between
the medial canthi (normal ranges from 28 to 32 mm).
In addition, the interorbital distance between the
lacrimal crests (as measured on a posteroanterior
cephalogram) should be determined (normal ranges
from 24 to 32 mm in males and 22 to 28 mm in
females). The severity of hypertelorism may be clas-
sified into three degrees: first degree refers to an
interorbital distance of 30 to 34 mm; second degree,
34 to 40 mm; and third degree, greater than 40 mm.

PATHOLOGIC ANATOMY

Osseous Defects

1 Caudal aspect of the frontal bone displaced
2 Cribriform plate caudally displaced
3 Greater and lesser wings of the sphenoid

rotated laterally
4 Broadened sphenoid with displacement of the

pterygoid plates away from the midline
5 Orbital hypotelorism or hypertelorism
6 Widened anterior cranial fossa
7 Widened crista galli

Soft Tissue Defects

1 Wide forehead

TREATMENT. Similar to a No. 13 cleft, reconstruc-
tion involves the cranial vault and overlying skin
and soft tissue. Hypotelorism is usually an indica-
tion of underlying brain maldevelopment. In such
cases, repair is not generally indicated. Patients
with hypertelorism, however, require skeletal recon-
struction in the form of facial bipartition, specifi-
cally, osteotomies designed to rotate the orbits
around a pivot point located between the superior
central incisors.

If the patient’s occlusion is close to ideal, arch
bars may be applied to the maxillary and mandibu-
lar teeth. Often, the malocclusion may be too signif-
icant to expect an adequate result with facial
bipartition alone, and secondary orthognathic
surgery is required.

A bifrontal craniotomy is performed for exposure
of the anterior cranial fossa. The posterior cranial
osteotomy should be placed anterior to the coronal

sutures. An osteotomy is made in the midportion of
the zygomatic arch. Next, an osteotomy of the
lateral orbital wall is performed with the saw
inserted from behind the temporalis muscle and
angled into the inferior orbital fissure. The bone cut
is extended superiorly into the lateral aspect of the
orbital roof.

The osteotomy of the roof is performed through
the anterior cranial fossa. It is commenced laterally
at the pterion, where the lateral orbital wall
osteotomy was completed, and continued medially
just anterior to the cribriform plate. The medial
osteotomies on either side of the face should match
up in the midline just anterior to the first olfactory
nerve foramina. The medial orbital wall osteotomy
is completed with a narrow osteotome posterior to
the posterior lacrimal crest and inferior to the infe-
rior orbital fissure.

The septum is sectioned through the anterior
cranial base with a straight osteotome anterior to
the crista galli. The pterygomaxillary disjunction 
is performed with a curved osteotome placed in 
the infratemporal fossa through the mouth. The
midface is disimpacted with Rowe nasomaxillary
forceps.

Bipartition of the face is performed with a mid-
nasal osteotomy from above and oriented between
the central incisors of the maxilla. A sagittal split 
of the maxilla is completed through a small gin-
givobuccal sulcus incision. When doing so, the
palatal mucosa should be left undisturbed. The
facial halves are repositioned medially, and a rotary
bur may be used to remove any bony interference.
If occlusion is to be set for maxillomandibular fixa-
tion, the orotracheal tube needs to be repositioned
as a nasotracheal tube. Midface advancement may
be included with the maxillomandibular fixation, if
indicated. Zygomatic advancement is achieved first
and stabilized with miniplates, as is advancement
at the upper part of the orbits. The opening between
the anterior cranial fossa and the nasal cavity is
occluded with Gelfoam, and fibrin glue is placed in
the gap.

The anterior cranial vault is recontoured and
replaced. The lateral canthi are resuspended
through separate drill holes in the lateral orbital
rims. The temporalis muscle is used to fill the areas
of advancement and is resuspended off the tempo-
ral bones.

In all cases, any associated nasal deformity must
be evaluated and addressed. Nasal projection will be
lost if bone is resected centrally and not replaced.
Nasal reconstruction can be accomplished with a
cantilevered bone graft.

Reconstruction of a mandibular cleft requires
placement of an interpositional bone graft. Absence
of bone in the region of the symphysis produces 
narrowing of the dental arches and malocclusion.
Reconstruction is best delayed until after eruption
of the permanent incisors. Rigid fixation in the soft
bones of a child is difficult and unwarranted.
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the anchoring periosteum of the extraocular
muscles. In either instance, most cases resolve spon-
taneously. In those that do not, resetting of muscle
lengths by an ophthalmologic surgeon may be
required.
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Postoperative Care

Patients who undergo solely soft tissue rearrange-
ment may be discharged home immediately. In such
cases, the typical complications include wound infec-
tion and dehiscence.

Reconstruction of the bony skeleton is a larger
insult and requires several days of observation. The
greatest concern after facial bipartition is the devel-
opment of intracranial infection as a result of
seeding of the central nervous system through the
anterior cranial fossa from its communication with
the nasal and oral cavities.

The more common complaint after orbital reposi-
tioning is diplopia, which may result from setting
the orbits at different vertical heights or releasing
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Among congenital anomalies of the head and neck,
craniofacial microsomia is second in incidence only
to cleft lip and palate. Because the clinical manifes-
tations can be varied (Fig. 1), many terms have been
used to designate the anomaly, but craniofacial
microsomia is preferred since the cranial bones can
be involved. Other commonly used names include
hemifacial microsomia, first and second branchial
arch syndrome, and otomandibular dysostosis. Gold-
enhar’s syndrome, a variant of craniofacial micro-
somia, is also known as oculovertebral sequence and
is characterized by lipomas and dermoids of the
globe, coloboma of the eyelid, and cervical vertebral
anomalies.

The incidence of bilateral involvement (Fig. 2)
ranges from 5% to 30%, with a slight male prepon-
derance. In addition to the obvious problems in cran-
iofacial form, there can also be functional deficits
characterized by respiratory insufficiency, swallow-
ing disorders, and hearing deficits.

Etiopathogenesis

Two major theories have been proposed to explain
the etiology of craniofacial microsomia.

Teratogenic Theory

The teratogenic theory is based on animal studies
and clinical observations. For example, triazine
maternally administered to mouse embryos results
in craniofacial microsomia–like phenotypes. The
traditional explanation is that the drug had a direct
teratogenic effect. Hemorrhage of the stapedial
artery resulting in the development of a hematoma
that injures the developing structures of the first
and second branchial arches is now regarded as 
a side effect. Administration of the retinoic acid
derivative etretinate to rats early in development

results in offspring with a phenotype similar to that
of craniofacial microsomia. This effect has been
explained by the fact that neural crest cells express
large amounts of retinoic acid binding protein and,
as a result, cell migration is impeded by the drug.
Finally, thalidomide and ethanol ingestion in 
pregnant women, as well as gestational diabetes,
can result in human offspring with craniofacial
microsomia.

Genetic Theory

In a mutant mouse model, an insertional deletion on
chromosome 10 demonstrates an autosomal mode of
transmission with a 25% rate of penetration for the
development of craniofacial microsomia. Moreover,
human genetics studies have also demonstrated pos-
itive family histories in 9% to 44% of probands, a
finding suggestive of autosomal dominant inheri-
tance with high variability and low penetrance.

A study of twin pairs with craniofacial micro-
somia has shown that most affected subjects display
a heterogeneous pattern of inheritance. 

Overall, however, a multifactorial etiology (e.g.,
abnormal genes, teratogens, vascular events) is
most likely responsible for most cases.

Pathologic Anatomy

Skeletal

The mandibular pathology is the pathognomonic
finding of the syndrome. The classic deformity 
consists of underdevelopment of the ramus and
condyle. The associated dentoalveolus and dental
structures are likewise affected. Pruzansky pro-
posed a classification of the mandibular deformity
that was subsequently modified by Kaban and 
Mulliken (Fig. 3).

Craniofacial Microsomia
JOSEPH G. MCCARTHY

BARRY H. GRAYSON
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A B C

Figure 1 • Variable clinical manifestations of unilateral craniofacial microsomia. A, Mild example characterized by microtia, canting
of the oral commissure and alar base plane, deficiency of the affected cheek soft tissues, and deviation of the chin to the ipsilateral
side. B, Moderate example. Note the microtia, deficient cheek soft tissue, macrostomia, canting of the oral commissure, and retruded
and deviated chin. C, Severe example with microtia, microphthalmos, retrusion of the brow, occlusal cant, elevation of the oral com-
missure, and deviation of the chin. (From Mathes S, Hentz, R [eds]: Plastic Surgery. Philadelphia, Elsevier, in press.)

Figure 2 • Bilateral craniofacial microsomia. Note the micro-
tia, micrognathia, and underdevelopment of the lower third of
the face. (From Mathes S, Hentz R [eds]: Plastic Surgery.
Philadelphia, Elsevier, in press.)
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Type I
Type IIA

Type IIB
Type III

Figure 3 • Pruzansky (1969) classification of the mandibular deformity, as modified by Kaban and colleagues (1981). Type 1: the
mandibular deficiency is only mild. Type IIA: the condyle and ramus are small, but the condyle and glenoid fossa are anatomically 
oriented. However, a flattened condyle can be hinged on a flat, often hypoplastic infratemporal surface. The coronoid process may
be absent. Type IIB: similar to type IIA except that the vertical or superoinferior plane of the condyle-ramus is medially displaced. No
functioning glenoid fossa is present. Type III: absence of the ramus, condyle, and coronoid process. (From Mathes S, Hentz, R [eds]:
Plastic Surgery. Philadelphia, Elsevier, in press.)
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Figure 4 • Patient with left-sided craniofacial microsomia
demonstrating the characteristic upward occlusal cant on the
affected side with associated cheek hypoplasia and ear
anomaly. (From Mathes S, Hentz, R [eds]: Plastic Surgery.
Philadelphia, Elsevier, in press.)

Type I. The body, ramus, and condyle are abnor-
mal in shape with reduced volume.

Type IIA. The body, ramus, and condyle are sig-
nificantly reduced in volume, but the vertical
orientation of the ramus is normal.

Type IIB. The same as IIA except that there is a
medial or midline inclination of the ramus in
the vertical dimension.

Type III. Absence of the ramus and condyle.

Other components of the craniofacial skeleton
may also be involved. The maxilla is deficient in all
dimensions on the affected side, and there is an
upward occlusal cant of the maxilla on the ipsilat-
eral side. The upward cant is likewise reflected in the
ipsilateral piriform aperture. The zygoma, orbit, and
frontotemporal bones can also be affected in shape
and volume. The affected zygoma can be hypoplastic
and retruded. Orbital dystopia and anterior (frontal)
plagiocephaly are observed in more severe cases.

Soft Tissue

The skin over the affected skeleton is often thin with
a bluish hue, and the underlying fat is reduced in
volume. The distance between the oral commissure
and the ear remnant is reduced; the oral commis-
sure is elevated on the affected side (Fig. 4).

Meurman has designated a classification of the
auricular deformity (Fig. 5):

Grade I. Normal shape of the auricle with all com-
ponents present but deficient

Grade II. Only a vertical remnant of cartilage and
skin

Grade III. Only a residual lobule

Neuromuscular deficits can likewise be present.
Branches of the facial (VII) nerve, in particular the
marginal mandibular branch, may be nonfunctional.
The muscles of mastication, especially the masseter,
pterygoids, and temporalis, are reduced in volume.

The principal and associated anomalies of cra-
niofacial microsomia are outlined in Table 1.

Classification

The modified Pruzansky classification of mandibu-
lar pathology has been universally accepted (see Fig.
3). The OMENS clinical classification (Table 2) was
designed to integrate the orbital, mandibular, ear,
nerve, and soft tissue defects and to detail a more
global classification of the deformity.

Goals of Reconstruction

A patient with craniofacial microsomia poses
numerous challenges to a plastic surgeon. A multi-

disciplinary approach using a wide variety of treat-
ment modalities is essential to address the func-
tional and aesthetic problems. Reconstruction
requires the surgeon to use the full panoply of
plastic surgery techniques with the collaboration of
other members of the craniofacial team.

The goals of reconstruction can be segregated into
those addressing function and those addressing
form.

Function
Restore airway and alimentary function
Maximize hearing for proper speech development
Restore corneal protection
Correct malocclusion

Form
Correct deficiency and asymmetry of the

mandible and maxilla; level the occlusal plane
and centralize the chin point to the midline

Restore frontotemporozygomatic contour
Restore cheek soft tissue deficits



510 —— Craniofacial Microsomia

TABLE 1 Primary and Associated Anomalies of Craniofacial Microsomia

PRINCIPAL ANOMALIES ASSOCIATED ANOMALIES OTHER ANOMALIES

Mandibular Craniofacial
Mandibular hypoplasia (89%-100%) Velopharyngeal insufficiency (35%-55%) Vertebral/rib defects (16%-60%)
Malformed glenoid fossa Palatal deviation (39%-50%) Cervical spine anomalies

(24%-27%) Orbital dystopia (15%-43%) (24%-42%)
Ear Ocular motility disorders (19%-22%) Scoliosis (11%-26%)
Microtia (66%-99%) Epibulbar dermoids (4%-35%) Cardiac anomalies (4%-33%)
Preauricular tags (34%-61%) Cranial base anomalies (9%-30%) Pigmentation changes (13%-14%)
Conductive hearing loss (55%-66%) Cleft lip and/or palate (15%-22%) Extremity defects (3%-21%)
Middle ear (ossicle) defects Eyelid defects (12%-25%) Central nervous system defects
Midfacial Hypodontia/dental hypoplasia (8%-25%) (5%-18%)
Maxillary hypoplasia Lacrimal drainage abnormalities (11%-14%) Genitourinary defects (4%-15%)
Zygomatic hypoplasia Frontal plagiocephaly (10%-12%) Pulmonary anomalies (1%-15%)
Occlusal canting Sensorineural hearing loss (6%-16%) Gastrointestinal defects (2%-12%)
Soft tissue Preauricular sinus (6%-9%)
Masticatory muscle hypoplasia Parotid gland hypoplasia

(85%-95%) Other cranial nerve defects (e.g., V, IX, XII)
Macrostomia (17%-62%)
Nerve VII palsy (10%-45%)

The prevalence rates were summarized from 19 reports in the literature from 1983 to 1996. Studies based on selected samples were omitted to mini-
mize selection bias. It was recognized by the authors that the prevalence rate may be falsely elevated because the reporting tertiary centers may have
a referral bias of more severely affected patients. 

Adapted from Cousley RR, Calvert ML: Current concepts in the understanding and management of hemifacial microsomia. Br J Plast Surg 50:536-551,
1997.

TABLE 2 OMENS Classification

ORBIT

O0 Normal orbit size and position
O1 Abnormal size
O2 Abnormal position
O3 Abnormal size and position

MANDIBLE

M0 Normal mandible
M1 Mandible and glenoid fossa are small 

(“minimandible”)
M2 Mandibular ramus short and abnormally shaped
M2A Glenoid in acceptable position
M2B Temporomandibular joint medially displaced
M3 Complete absence of ramus, glenoid fossa, and 

temporomandibular joint

EAR

E0 Normal
E1 Mild hypoplasia and cupping

Adapted from Vento AR, LaBrie RA, Mulliken JB: The O.M.E.N.S. classification of hemifacial microsomia. Cleft Palate Craniofac J 28:68-76, discussion 77,
1991.

E2 Absence of external auditory canal
E3 Malpositioned lobule with absent auricle

NERVE

N0
7 No facial nerve involvement

N1
7 Upper facial nerve involvement

N2
7 Lower facial nerve involvement

N3
7 All branches affected

SOFT TISSUE

S0 No soft tissue deformity
S1 Minimal (mild) tissue deformity
S2 Moderate tissue deformity (between the two 

extremes)
S3 Major (severe) subcutaneous and muscular 

deficiency
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A B C

Figure 5 • Example of the three grades of auricular anomalies in the Meurman classification. A, Grade I: small malformed
ear with most components present. B, Grade II: vertical remnant of skin and cartilage. There is atresia of the external audi-
tory meatus. C, Grade III: the auricle is almost entirely absent except for a misplaced lobule and diminutive skin and carti-
lage remnants. (From Mathes S, Hentz, R [eds]: Plastic Surgery. Philadelphia, Elsevier, in press.)

Address facial nerve deficits
Reconstruct the external ear

Preoperative Evaluation

Physical examination documented by photographs
is critical to establish a baseline record. Symme-
try/asymmetry in the horizontal plane at the level
of orbits, external nares, and oral commissures must
be documented, as well as the distance between the
oral commissure and ear remnant. The auricle must
be graded according to the classification of Meurman
(see Fig. 5). There may be ear tags or branchial
sinuses associated with the auricular deformities.
The soft tissues of the cheek must also be evaluated
for thickness and contour. In addition, it is impor-
tant to assess neuromuscular function, including the
individual facial nerve branches.

Intraoral examination includes evaluation of the
status of the dentition, the occlusion, and the incli-
nation of the occlusal plane. The temporomandibu-
lar joint is assessed by recording the maximum
distance on full opening, as well as mandibular pro-
trusion and lateral deviation. The eyes should be
examined for the presence of ocular dermoids and
colobomas of the eyelids.

Diagnostic Studies

Photography is important to document baseline
anatomy and to monitor progress during treatment.

Frontal, lateral, three-quarter, submental vertex,
bird’s eye, and occlusal views should be included.
Cephalograms also document the initial skeletal
deformities and aid in surgical planning and goals.
Other studies include Panorex, computed tomogra-
phy (CT) scans (Fig. 6), and cervical spine films.
Patients should also have renal sonograms and
additional studies, including genetic analysis, as
needed.

Treatment

Orthodontic Therapy

Orthodontic therapy is critical during the entire
period of treatment and in preparation for mandibu-
lar distraction osteogenesis. The orthodontist often
has to set abnormally inclined teeth upright, estab-
lish optimal intermaxillary arch width relation-
ships, level the occlusal planes, and guide eruption
so that the active phase of distraction results in
optimal mandibular position. The rationale for pre-
orthognathic surgical and predistraction orthodon-
tic therapy is similar.

In preparation for mandibular distraction, the
orthodontist must establish that a sufficient number
of nonmobile deciduous or permanent teeth (or both)
are present to serve in the construction of a dis-
traction stabilization appliance.

PREDISTRACTION ORTHODONTIC THERAPY. Pre-
distraction orthodontic removal of dental compensa-
tions (i.e., bringing teeth over the basal bone) is
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carried out so that the final position of the mandible
is not compromised by abnormal position of the
teeth.

Orthodontic leveling of the occlusal planes is per-
formed so that premature contact of individual teeth
does not prevent achievement of optimal jaw rela-
tionships during distraction.

Orthodontic coordination of the maxillary and
mandibular arch width before or during distraction
is necessary to establish correct mandibular position.

A “distraction stabilization appliance” that will be
used to engage heavy guiding elastics is constructed
before surgery. The elastics are used to aid in control
of vectors during the active phase of distraction. The
appliance, which consists of a maxillary expansion
device and a mandibular lingual arch, is designed to
buttress the dental arches against intermaxillary,
oblique elastics that would otherwise move individ-
ual teeth and distort dental arch symmetry.

INTRADISTRACTION ORTHODONTIC THERAPY.
Elastic traction is applied during distraction to
modify the device vectors and thereby optimize both
the dental and skeletal correction. Transverse (cross

tongue) elastics prevent severe lateral shifting of 
the dental arches. By maintaining the mandibular
dental arch centered on the midsagittal plane, an
increased amount of vertical ramus lengthening,
mandibular advancement, and bite opening is pro-
duced on the distracted side.

POSTDISTRACTION ORTHODONTIC THERAPY.
Closure of a posterior open bite is achieved by
guiding the maxillary teeth down to the mandibular
occlusal plane. This can be accomplished in decidu-
ous and mixed dentition through the use of bite
blocks and intermaxillary elastic therapy. In per-
manent dentition, the potential for vertical elonga-
tion of the dentoalveolar process is diminished, and
therefore a concurrent maxillomandibular distrac-
tion (see Fig. 10) or subsequent LeFort I osteotomy
is sometimes required.

Mandibular Surgery

In recent years, distraction techniques have revolu-
tionized lengthening and augmentation of a defi-
cient mandible (Fig. 7). The treatment protocol is as

UL UC UR

LL LC LR

Figure 6 • Three-dimensional computed tomographic scans of three patients with unilateral craniofacial microsomia. Severity
increases from left to right. The affected side of each patient is on the top panel, with the corresponding normal contralateral side
on the lower panel. The three patients correspond to the Pruzansky classification of mandibular deformity described in the chapter.
Type I, left; type II, center; Type III, right. (From Mathes S, Hentz, R [eds]: Plastic Surgery. Philadelphia, Elsevier, in press.)
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Figure 7 • Technique of extraoral distraction. A, Intraoral incision. B, Line of osteotomy and sites of inser-
tion of self-drilling pins. C, Partial osteotomy and insertion of a fourth pin. D, Completion of the osteotomy.
E, Application of device. F, Bone generation after activation of the device. (From Mathes S, Hentz, R [eds]:
Plastic Surgery. Philadelphia, Elsevier, in press.)
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follows. An osteotomy is made in a non–tooth-
bearing segment of the deficient mandible and a dis-
traction device is applied. The orientation of the
distraction device establishes the vector of dis-
traction: vertical (perpendicular to the maxillary
occlusal plane), horizontal (horizontal to the maxil-
lary plane), and oblique (intermediate orientation).
After a latency period of 5 days, the device is acti-
vated at the rate of a millimeter a day (activation
period).

In unilateral cases, activation is continued until
the chin point is returned to the craniofacial midline
or slightly to the contralateral side, the ipsilateral
oral commissure is lowered, and the mandibular
occlusal cant is corrected. A posterior open bite
usually results and is managed orthodontically
through the use of bite blocks and guide elastics.

In bilateral cases, the endpoint is a symmetric
edge-to-edge anterior or class III occlusion in a
growing child.

After completion of the activation phase, the
mandible is maintained in fixation for an additional
2 months (consolidation period). During the activa-
tion and early consolidation periods, the newly gen-
erated bone can be “molded” with intermaxillary
elastic and device forces to optimize skeletal form
and occlusal relationships.

In a patient with a Pruzansky III mandible
(absent ramus and condyle), the ramus is recon-
structed with several costochondral rib grafts (the
cartilaginous portion serving as the condyle). Rigid
fixation is established at the junction with the
mandibular body, and the patient is placed in inter-
maxillary fixation (Fig. 8). If necessary, distraction
can be subsequently performed on the consolidated
rib grafts.

In a skeletally mature patient (female approxi-
mately older than 16 years, male older than 18
years), bilateral sagittal split osteotomy of the
ramus allows appropriate advancement and three-
dimensional rotation of the tooth-bearing segment
(Fig. 9). However, a fairly well developed ramus and
body are required for successful completion of this
osteotomy. It is usually complemented with a LeFort
I osteotomy and genioplasty.

Maxillary Surgery

The maxilla can be distracted in a patient during
the phase of mixed dentition by establishing inter-
maxillary fixation with an osteotomized mandible
undergoing mandibular distraction. A LeFort I
osteotomy/corticotomy allows concomitant distrac-
tion of the ipsilateral maxilla (maxillomandibular
distraction) (Fig. 10).

In a skeletally mature patient, the LeFort I
osteotomy can be performed and combined with
bilateral sagittal split osteotomy of the mandible to
correct the occlusal cant, move the chin point to the
midline, and lower the ipsilateral oral commissure
(see Fig. 9).

Chin Surgery

Genioplasty or horizontal osteotomy of the anteroin-
ferior border of the mandible allows three-
dimensional rotation/advancement of the chin (see
Fig. 9); bone grafts can be placed in the resultant
defects.

Surgery on the Frontotemporozygomatic
Region

Occasionally, fronto-orbital advancement with
cranial vault remodeling is indicated in patients
with associated retrusion of the supraorbital 
rim and frontal bone (see the chapter “The 
Craniosynostoses”).

Soft Tissue Surgery

A microvascular free flap is the preferred method of
augmenting the hypoplastic soft tissue of the cheek
and temporal region. Although dermis-fat grafts
(nonvascularized) have been advocated, their long-
term survival is unpredictable, and there can be
resulting contour irregularities with resorption and
contraction of the grafts.

Figure 8 • Lateral view illustrating the details of the
ramus/condyle and glenoid fossa reconstruction. Note that a
cartilage cap is interposed between the bone grafts recon-
structing the ramus/condyle and glenoid fossa (undersurface of
the bone graft—reconstructed zygomatic arch). A resorbable
suture approximates the latter. Note the rigid fixation to the
mandibular remnant. (From Mathes S, Hentz, R [eds]: Plastic
Surgery. Philadelphia, Elsevier, in press.)
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Treatment Algorithm

Neonatal Period/Infancy

In an infant with craniofacial microsomia (birth
through 18 months), the respiratory function of the
child must be assessed. With severe mandibular
deficiency and associated glossoptosis, the nasal and
oral pharyngeal spaces are severely constricted. A
pediatric otolaryngologist is invaluable in docu-
menting the respiratory status of the patient by
physical and endoscopic examination; CT scans and
sleep studies complement this evaluation.

In infants with respiratory insufficiency, the
airway problem must be addressed first, traditionally
by tracheostomy. More recently, mandibular distrac-
tion has obviated the need for tracheostomy in many
patients, but endotracheal intubation must be main-
tained during a portion of the treatment period. In a
patient with a previous tracheostomy, distraction can
permit earlier decannulation than in the past.

Infants with sleep apnea often have associated
feeding problems. Gavage feeding can be provided

initially, but if the feeding problem continues, gas-
trostomy should be considered. Feeding problems,
including gastroesophageal reflux, are usually cor-
rected only with mandibular advancement or
growth of the mandible.

Fronto-orbital advancement/cranial vault remod-
eling is occasionally indicated in a small percentage
of infants with fronto-orbital retrusion. Such
surgery should be delayed until the child is at least
12 months of age.

Repair of an associated cleft of the hard or soft
palate (or both) should be performed at approxi-
mately 12 months to facilitate speech development.
This is also the optimal time to repair macrostomia
or a lateral facial cleft.

Ear tags or cartilaginous remnants in the cheeks
can be removed within the first year.

Early Childhood

During the period of early childhood (18 months
through 3 years), reconstruction can be undertaken
in a child with respiratory insufficiency or moderate
to severe skeletal deficiency.

A B

Figure 9 • Combined bilateral sagittal split osteotomy of the mandible, LeFort I osteotomy, and genioplasty. 
A, Lines of osteotomy. The dark dots illustrate the deviation of the craniofacial midline, and the arrow designates
the direction of movement of the mandible (and maxilla). The shaded areas represent the portions of the maxilla
and the buccal cortex of the mandible to be resected. Note the area of resection and impaction of the maxilla 
on the same side. B, After bone grafting of the maxillary defect and rigid fixation of the LeFort I segment. Lag
screws are used on the mandibular rami and genioplasty segment. Note the change in the dark dashes. (From
Mathes S, Hentz, R [eds]: Plastic Surgery. Philadelphia, Elsevier, in press.)
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In a child with a Pruzansky III mandible (absent
ramus and condyle), autogenous rib or iliac bone graft-
ing of the hypoplastic mandible should be undertaken.
Once revascularized, the bone can be distracted for
further lengthening. This technique results in both an
improved airway and facial appearance. It also facili-
tates orthodontic work by establishing a level occlusal
plane and optimal masticatory function.

In a patient with a class IIA or class IIB
mandible, distraction could be undertaken. In a uni-
lateral case, activation of the distraction device
should continue until the occlusal plane has been
leveled (or overcorrected), the oral commissure has
been lowered, and sufficient anterior thrust of the
mandible and bilateral symmetry of the mandibular
angles have been achieved.

Soft tissue augmentation, definitive orthodontic
therapy, and auricular reconstruction should be
deferred to a later date.

Childhood

Childhood (4 through 13 years) is the age of active
growth and, for much of the time, is defined as the
period of mixed dentition.

Primary mandibular distraction could be under-
taken during this period if there is evidence of a 
significant occlusal cant, disparity in the oral com-
missures, and chin asymmetry or retrusion (or both).

Experience with mandibular distraction in
patients younger than 3 years shows that there is
usually spontaneous descent of the associated max-
illary dentoalveolus with vertical elongation of the
ramus, provided that the mandibular plane is main-
tained in its corrected portion through the use of a
bite plate. In older patients, the maxilla can be
managed in two ways. In the first program,
mandibular distraction can be accomplished and an
orthodontic bite block constructed at the time of
device removal to fill the resulting posterior void
between the maxillary and mandibular dentition.
Subsequently, the bite block is gradually reduced to
allow serial descent of the maxillary dentoalveolus.
Alternatively, combined maxillomandibular distrac-
tion can be performed. A LeFort I corticotomy is 
performed in conjunction with the application of a
mandibular osteotomy/distraction device and maxil-
lomandibular distraction. With activation of the
device, there is associated distraction of the maxilla
with leveling of the occlusal plane (see Fig. 10).

A B

Figure 10 • Technique of maxillomandibular distraction. A, The dots designate the asymmetry of the cra-
niofacial midline. Note the LeFort I and mandibular lines of osteotomy. A mandibular distraction device (four
pins) has been applied. B, After activation of the device. The intermaxillary wires (or elastics) are not illustrated.
Note the restoration of the craniofacial midline (dashes), improvement in the occlusal plane and chin position,
and rotation/augmentation of the maxilla and mandible. (From Mathes S, Hentz, R [eds]: Plastic Surgery.
Philadelphia, Elsevier, in press.)
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characterized by functional occlusion and only 
chin retrusion and asymmetry. Three-dimensional
genioplasty can provide anterior advancement and
three-dimensional repositioning to correct chin
asymmetry.

Pearls and Pitfalls

• Multidisciplinary team care is essential.
• In neonates and infants, address respiratory/

sleep apnea and nutritional/feeding problems.
• Longitudinal follow-up is critical, especially

until craniofacial growth is complete.
• Avoid bone carpentry alone; soft tissue and

dental considerations cannot be ignored.
• Distraction has provided a more predictable

reconstructive alternative when severe 
maxillomandibular asymmetry is associated
with marked deficiency of soft tissue and 
bone.

• Soft tissue augmentation of the deficient cheek
is an important treatment component.
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It is during the childhood years that auricular
reconstruction is undertaken and microvascular free
flap augmentation of the cheek soft tissues can be
considered.

Adolescence/Adulthood

Adolescence/adulthood is the period when craniofa-
cial growth and development are completed, usually
at a minimum of 16 years in females and 18 years
in males. Treatment planning at this stage must
also take into consideration the variable of a minor
amount of posttreatment craniofacial growth and
development.

Traditional orthognathic surgery at this point
allows reconstruction of the craniofacial skeleton
and occlusion in a single surgical procedure. The
combined surgical procedure of LeFort I osteotomy,
bilateral sagittal split osteotomy of the mandible,
and genioplasty (see Fig. 9) has proved to be the
therapeutic workhorse in this situation.

In recent years, with the refinement of distraction
devices and techniques, the role of maxillomandibu-
lar distraction in a mature patient has increased.
For example, a LeFort I osteotomy can be performed
with three-dimensional repositioning of the maxilla
and rigid skeletal fixation. Intraoral mandibular
distraction can then be performed and the mandible
and its occlusion “docked” into the repositioned
maxilla with optimal occlusion. The distraction tech-
nique also improves soft tissue contour and is asso-
ciated with a lower rate of relapse. The development
of the concept of molding of the regenerate by a 
combination of multiplanar distraction devices and
skeletally and dentally anchored intermaxillary
elastics has ensured the achievement of optimal
occlusion and skeletal morphology.

Genioplasty alone is the only skeletal reconstruc-
tion required in patients with a mild deformity 
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The term “giant congenital nevus” generally refers
to a melanocytic cutaneous lesion present at birth,
with an anticipated diameter of 20 cm or larger in
a mature adult. The malignant potential of the
lesions justifies their removal. The challenge 
of the lesions lies not in their removal but in 
the functional and aesthetic outcome of their 
reconstruction.

This chapter reviews the incidence, natural
history, and pathology of giant melanocytic nevi, dis-
cusses the benefits and drawbacks of various recon-
struction methods, and presents a rational approach
to the management of these patients that involves
balancing the need for excision against aesthetic
and functional outcomes.

Etiopathogenesis

Congenital melanocytic nevi (CMNs) are ectopic
rests of nevus cells. Melanoblasts, the precursor
cells of melanocytes, migrate from the neural crest
to the skin, mucosa, eyes, mesentery, meninges, and
chromaffin system, where they differentiate into
dendritic melanocytes. Wherever a disturbance in
this migration occurs, the ectopic population of
nevus cells results in a hamartoma, or a melanocytic
nevus. The histologic finding of nevus cells along 
the skin appendages or blood vessels is specific for
CMNs, but not all lesions demonstrate this finding.
Because the nevus cells extend beyond the dermis
into the depths of the subcutaneous layer and even
into the fascia, adequate margins for resection
include the soft tissues beneath the lesion as far as
the fascial level.

CMNs are divided into three groups: small, inter-
mediate, and large/giant. Small lesions measure
less than 1.5 cm in diameter, are present in 1 in 100
births, and can generally be removed in a single

Giant Congenital Nevi
BRUCE S. BAUER
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excision with direct closure. The intermediate group
measures between 1.5 and 20 cm, occurs in 6 in 1000
births, and often requires the same management
techniques as for giant nevi. Giant nevi are larger
than 20 cm or cover greater than 2% of the body
surface area and are present in 1 in 20,000 births.

The risk for malignant degeneration is uncertain
and rates are reported to range from 2% to 31%,
thus providing little help to the surgeon in manag-
ing these cases. Quaba and Wallace reviewed a large
series of patients with lesions covering greater than
2% of body surface area and found the risk for malig-
nancy to be 8.5% during the first 15 years of life.
Approximately 50% of malignancies that occur are
observed by 3 years of age, 60% by childhood, and
70% by puberty.

CMNs positioned over the axial skeleton can also
be a marker for neurocutaneous melanosis, a syn-
drome that manifests as developmental delay,
seizures, and hydrocephalus. Asymptomatic lep-
tomeningeal and central nervous system involve-
ment can be identified by T1 shortening on magnetic
resonance imaging (MRI). Asymptomatic lep-
tomeningeal melanosis may portend a risk for the
later development of either benign or malignant
lesions, but long-term documentation of these find-
ings is not yet available.

Diagnostic Studies

Raised and ulcerated areas within a giant nevus
merit biopsy to exclude malignant changes. Chil-
dren with large nevi over the midline scalp and back
should undergo MRI to document the presence or
absence of leptomeningeal melanosis. Once docu-
mented as either positive or negative, serial studies
are not indicated in the absence of associated 
symptoms.
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Reconstructive Goals

The treatment goals for patients with giant congen-
ital nevi are seemingly straightforward—excise as
much of the nevus as possible without sacrificing
vital structures, and resurface the areas with tissue
of like color, texture, and composition with the least
amount of donor site morbidity. These goals,
however, can be exceedingly difficult to achieve.
Giant CMNs are not amenable to serial excision,
although some of the intermediate lesions may be.
Many children who have undergone extensive 
resections with split-thickness skin autograft resur-
facing have poor aesthetic results and functional 
difficulties related to hypertrophic scarring and 
contracture.

The suboptimal results have led physicians to 
try other methods of treatment. Curettage, espe-
cially in the neonatal period, initially produces
impressive results, but the coloration and texture
changes recur and confound the ability to observe
the lesion for malignant changes. Although this
technique has been advocated for tumor load reduc-
tion, it also eventually requires further reconstruc-
tion. Selective photolysis with lasers is likewise
unsuccessful. Lasers lighten the color of the lesion
temporarily until the melanin content returns, but
they do not remove the underlying premalignant
nevus cells.

The preferred procedures available for recon-
struction remain skin grafting, local flaps, pedicle
flaps, tissue expansion, and free tissue transfer.
Application of these techniques needs to be adjusted
to the pediatric patient and to the anatomic area
being resurfaced. Reconstruction of the defects after
resection of giant congenital nevi can be addressed
with an algorithm for each anatomic area: head and
neck, trunk, buttocks and perineum, and extremi-
ties. The following suggestions are made after
reviewing the senior author’s (B.S.B.) series of 245
patients treated from 1979 to 2001.

The most useful modality has proved to be tissue
expansion with flaps of similar tissue to provide
excellent color and texture match and nearly normal
contour match. Even when regional flaps alone are
not available, expansion of full-thickness skin graft
donor sites, expansion of flaps for free tissue trans-
fer, and expanded pedicled flaps provide new alter-
native methods for treatment of these complex
problems.

Treatment by Anatomic Area

Scalp

Tissue expansion is the mainstay of treatment of
giant nevi of the scalp. Increasing experience has
demonstrated that improved flap design signifi-

cantly limits the need for or number of serial expan-
sions. In particular, the use of large expanded 
transposition flaps allows for better restoration of
natural hair patterns and hairline reconstruction.
Transposition of the expanded posterior parietal/
occipital region of the scalp is particularly effective
in coverage of the hemiscalp and temporal hairline.

The incisions for expander placement are made
within the borders of the nevus to be excised, and
dissection is extended in the subgaleal plane.
Expansion commences 1 to 2 weeks postoperatively
and continues until adequate tissue is recruited,
usually 10 to 12 weeks. Expansion in the scalp, as
at other sites, begins at a frequency of once per
week, but it may be increased to every fourth to fifth
day to safely complete expansion within the pro-
jected 10 to 12 weeks. When additional time is
required, the date for expander removal is modified.
Scalp expansion can begin at 6 months of age
without permanent skull remodeling. When a flap
requires serial expansion, the second expander
should be placed after a delay of 3 to 4 months.

Face

Facial excision and reconstruction follow the aes-
thetic facial units. Whenever possible, expansion is
preferred for resurfacing the forehead, cheeks, nose,
and neck. The periorbital and nasal areas are
grafted as a unit with a full-thickness graft har-
vested from an expanded supraclavicular donor site.
A single full-thickness graft can be harvested to
cover the entire upper and lower eyelids, as well as
the periorbital and nasal defect, thereby minimizing
the number of scars resulting from multiple grafts
patched together from different donor sites. When
planning expansion and reconstruction of the fore-
head, consideration must be given to minimizing
distortion of the brow-hairline relationship. Nevi
extending into the temporal area require expansion
of both facial skin and hair-bearing scalp to estab-
lish normal position and hair direction in the 
temporal region. Expansion of a large rotation or
transposition flap from the neck and postauricular
region provides optimal coverage of the aesthetic
unit of the cheek, with a significantly lower risk for
postoperative ectropion and canthal distortion, in
contrast to an expanded advancement flap from the
same region. Prefabricated flaps based on the super-
ficial temporal artery can also be used in the facial
area when the neck and postauricular skin is like-
wise involved with nevus.

Trunk

Significant advances have been made in the appli-
cation of tissue expansion to giant nevi of the trunk.
Improved expanded flap design and the use of free
tissue transfer have virtually eliminated trunk
grafting and at the same time improved the func-
tional and aesthetic outcome.
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The use of large expanded transposition flaps
from the mid/upper back and upper thigh/lower
buttock region, with subsequent reexpansion of
these flaps and further advancement or transposi-
tion, allows coverage of the entire lower back and
buttock area without the need for skin grafts. In the
shoulder and neck region, transverse rectus abdo-
minis myocutaneous (TRAM) flaps can be placed by
microvascular transfer, like a shawl, with excellent
match of color, thickness, adnexal structures, and
contour. To allow primary closure of the donor site,
the skin below the planned TRAM flap is expanded
for 10 to 12 weeks.

Anterior trunk lesions are treated with
abdominoplasty-like operations, with the planned
flap and groin tissue expanded if necessary to obtain
primary closure. Large and giant nevi of the breast
(in females) are not removed until breast develop-
ment has progressed to the point that excision of the
nevus will not risk injury to the breast bud. Close
examination at prescribed intervals with biopsy of
suspect areas should be performed.

Extremities

Management of large nevi of the extremities, espe-
cially circumferential lesions, remains challenging
because of the difficulties inherent in using expan-
sion in these areas. Although previously recom-
mended, expanded full-thickness skin grafts for the
extremities result in late contour defects and skin
graft pigmentation abnormalities. In the proximal
end of the upper limbs, expanded flaps from the
shoulder and upper part of the back are recom-
mended to provide the extra skin to avoid constric-
tion of the circumference of the extremity. Likewise,
expanded groin and lower abdominal and lower back
flaps can be used for the proximal end of the thigh.
Free tissue transfer of the expanded TRAM flap can
provide coverage for the combined upper arm and
shoulder region, whereas expanded pedicled flaps
may provide excellent contour and color match 
for the upper extremity in the area extending from
the elbow to the wrist. Expanded full-thickness
grafts provide excellent coverage of the hand and
fingers.

Large, but not giant, nevi of the lower extremity
may be excised with serial expansion and advance-
ment. However, as in the upper extremity, move-
ment of expanded regional flaps (and consequently
the overall tissue gain) is limited by the geometry of
the extremity. The principles outlined earlier,
including the use of free tissue transfer of expanded
flaps for coverage after excision of extensive cir-
cumferential nevi of the lower extremity from the
knee to the ankle, have yielded encouraging early
results, thus indicating once again that expansion
may play a role in providing better contour, color,
and durable skin in situations in which split-
thickness skin grafts have historically produced 
disappointing results.

Postoperative Care

Preparing families for tissue expansion is critical to
the success of the procedure. Before surgery, fami-
lies attend a teaching session at which photographs
of patients undergoing expansion are demonstrated.
They also have a chance to see the expanders,
drains, and bandaging materials and to ask ques-
tions. Patients are generally kept in the hospital
overnight for pain management and for teaching
suture line care and drain management. Periopera-
tive antibiotics, usually cefazolin, are administered.
Drains are left in place until scant drainage is noted
after both expander placement and flap advance-
ment. Expansion is commenced 1 to 2 weeks after
insertion. Families are given the option to perform
expansion at home or to return to the office weekly.
EMLA cream is used to diminish the pain associated
with expansion. Preoperative teaching and careful
case-by-case planning are essential for parents and
patients to work through the postoperative period
with the greatest ease.

Complications associated with skin expansion
include infection, device failure/exposure, and in-
adequate flap movement. If early signs of infection
are treated aggressively with resumption of anti-
biotics and if broad-spectrum antibiotic coverage 
is resumed when a child shows obvious signs of
another infectious source (upper respiratory infec-
tion, ear infection, etc.), expander removal may be
avoided or at least delayed. If control is not possi-
ble, the expander is removed and any available
expanded skin is used to complete part of the exci-
sion. When expanders are infected but not exposed,
expansion can be continued judiciously and the
patient electively taken to surgery for flap advance-
ment, rotation, or transposition in the recognition
that once the expander is removed, the infection will
resolve. Although at times and in special cases flaps
are pushed to their limits, with acceptance of the
possibility of a small area of tip necrosis, effort
should be made to not “overreach” in flap movement
and acknowledge the possible need for repeat expan-
sion. These possibilities should be discussed when
outlining the initial treatment plan. If flap compli-
cations occur after inset, conservative dressing
changes and office débridement are usually all that
is required.

Pearls and Pitfalls

• Risk of malignancy is uncertain but decreases
with age.

• Nonsurgical treatment with curettage and
lasers does not address the underlying malig-
nant potential and makes screening for malig-
nancy difficult.



Giant Congenital Nevi —— 521

P
ed

iatric P
lastic S

u
rg

ery

Elder D, Elenitsas R: Benign pigmented lesions and malignant
melanoma. In Elder D (ed): Lever’s Histopathology of the Skin,
8th ed. Philadelphia, Lippincott-Raven, 1997.

Foster RD, Williams ML, Barcovich AJ, et al: Giant congenital
melanocytic nevi: The significance of neurocutaneous
melanosis in neurologically asymptomatic children. Plast
Reconstr Surg 107:933, 2001.

Magalon G, Casanova D, Bardo J, Andrac-Meyer L: Early curet-
tage of giant congenital nevi in children. Br J Dermatol 138:
341, 1998.

Quaba AA, Wallace AF: The incidence of malignant melanoma 
(0-15 years of age) arising in large congenital nevocellular nevi.
Plast Reconstr Surg 78:174, 1986.

• Expansion of local tissue with similar color and
texture match gives the best results.

• Distal extremity lesions are well suited to
expanded free tissue transfers.

SUGGESTED READINGS

Bauer BS, Few JW, Chavez CD, Galiano RD: The role of tissue
expansion in the management of large congenital pigmented
nevi of the forehead in the pediatric patient. Plast Reconstr
Surg 107:668, 2001.





The hands and upper extremities are often subject
to trauma, and flexor tendons are frequently
injured. Because reconstruction of flexor tendons
and restoration of function of the involved fingers
can be a challenge to hand surgeons, meticulous
care and attention to detail during the repair are
mandatory to ensure recovery.

Anatomy

The flexor tendons originate in the forearm with the
muscle bellies arranged in three distinct layers:
superficial, intermediate, and deep. The superficial
layer consists of the pronator teres, flexor carpi radi-
alis, palmaris longus, and flexor carpi ulnaris, which
proceed in a radial-to-ulnar direction, respectively.
The pronator teres and flexor carpi radialis longus
are innervated by the median nerve, whereas the
flexor carpi ulnaris is innervated by the ulnar nerve.
The flexor digitorum superficialis (FDS) musculo-
tendinous unit constitutes the intermediate layer.
The deep layer consists of the flexor digitorum pro-
fundus (FDP), flexor pollicis longus, and pronator
quadratus. The flexor pollicis longus, pronator quad-
ratus, and FDP to the index and long fingers are
innervated by the anterior interosseous nerve,
whereas the FDP to the ring and small fingers is
innervated by the ulnar nerve.

Nine tendons pass through the carpal tunnel
before traveling to their respective fingers. The
flexor pollicis longus is the most radial structure in
the carpal tunnel. All of the FDP tendons are aligned
in order in the base of the carpal tunnel. The FDS
is aligned such that the tendons to the index and
little fingers are deep to the tendons to the long and
ring fingers. The flexor pollicis longus inserts into
the distal phalanx of the thumb ray, the FDP
tendons insert into the base of the distal phalanx,
and the FDS tendons insert into the base and shaft
of the middle phalanx. In the palm, the FDS tendon
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is initially volar to the FDP. The FDS tendon decus-
sates at the level of Camper’s chiasm, thus allowing
the FDP to become more volar in the finger. The FDS
and FDP tendons travel in the finger in a
fibroosseous canal that is lined by synovium and
reinforced by a pulley system.

The reinforcing pulleys of the fibroosseous canal
have different designs for different functions (Fig.
1A). The A1, A3, and A5 pulleys prevent bowstring-
ing of the flexor tendon across the metacarpopha-
langeal, proximal interphalangeal (PIP), and distal
interphalangeal joints, respectively. The A2 and A4
pulleys prevent bowstringing of the flexor tendon 
at the level of the proximal phalanx and middle
phalanx, respectively. The cruciate ligaments, which
are interspersed among the annular ligaments, con-
stitute the C0, C1, C2, and C3 pulleys. Biomechan-
ically, the A2 and A4 pulleys are considered the most
important for prevention of bowstringing and for
minimizing the moment arm.

Five zones have been described for flexor tendons
of the hand. Zone I consists of the FDP tendon alone
and encompasses the insertion of the FDP tendon.
Zone II, once called “no man’s land,” is defined as
the area of insertion of the FDP tendon to the prox-
imal end of the A1 pulley. Zone III is the zone of lum-
brical origin of the palm, zone IV is within the carpal
tunnel, and zone V is proximal to the carpal tunnel
within the forearm.

Each tendon receives nutrition via an intrinsic
and extrinsic source. Extrinsic nutrition is provided
by synovial fluid, which is pumped into tendon fibers
during flexion and extension of the fingers. Intrinsic
nutrition is provided by vascular perfusion through
three separate sources: (1) longitudinal vessels that
enter the palm and travel in the endotendinous chan-
nels, (2) vessels that enter at the level of the osseous
insertion, and (3) vincula (two short and two long
vincula). Most of the internal vascularity within the
tendon is present on the dorsal side of the tendons
and is primarily incorporated within the septa of the
endotenon separating the tendon fascicles.
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Appropriate function of the flexor tendons
depends on a number of factors, including supple
joints, tendon excursion, intact pulley system, and
the presence of lubricating synovial fluid. Adhesions
between tendons and bone or the synovial sheath,
as well as scarring around the joint, prevent tendon
excursion. Loss of the pulley system results in bow-
stringing of the tendons and an increase in the
moment arm. A greater amplitude of muscle con-
traction is required to achieve an equivalent amount
of flexion if bowstringing is present (see Fig. 1B). A
weakened grip and incomplete flexion result.

Pathologic Anatomy

The zone of tendon injury is important because the
location of the injury has a significant impact on the

outcome. The overall prognosis and indications for
repair may be altered by identifying the mechanism
of injury and the composite tissue involved. Zone I
injuries typically include avulsion and laceration
injuries. Avulsion injuries are usually the result of
closed trauma in which the FDP is torn from its
insertion in the distal phalanx. The injury is gen-
erally associated with forced extension during
active flexion of the digit, the so-called Jersey
finger, and the ring finger is the most commonly
affected digit. Most injuries to the flexor tendons in
zone II are the result of open trauma. The hand
surgeon must have a high level of suspicion for
other vital structures involved, such as the neuro-
vascular bundles on either side of the flexor 
tendon sheath, and repair these structures as
needed. Injuries in zones III, IV, and V are often
associated with neurovascular compromise because
of the intimate anatomic relationship of the nerves,
vessels, and tendons.

Laceration of the flexor tendons results in local
bleeding, inflammation, loss of continuity of the
flexor sheath, and possible disruption of other local
structures such as nerves and arteries. Healing of
these structures with diffuse scarring may be detri-
mental to the functional outcome of the tendon
repair. An anatomic repair is required for the
tendons, especially in zone II. Zone II is unique
because of its tight fibroosseous canal with limited
volume for the FDS and FDP tendons to glide.
Excess scarring and adhesion formation result in
firm adherence of the tendon to the phalanges or the
flexor sheath.

Diagnostic Studies

Clinical examination remains the mainstay for iden-
tifying FDS and FDP injuries. Lacerations to the
tendons are identified clinically by observing loss of
the normal cascade. Extending and flexing the wrist
may also identify disruption of the flexor tendons
through the tenodesis effect. By compression of the
forearm, the fingers flex down in tandem. If a breech
in continuity of the flexor tendon has occurred, one
or multiple fingers may remain extended after this
compression maneuver.

Diagnostic studies are of limited value in acute
flexor tendon injuries. Magnetic resonance imaging
or ultrasound may be of assistance in locating a
retracted FDP tendon after a Jersey finger injury.
The FDP tendon may retract into the palm (type 1)
or the PIP joint (type 2) or may remain caught at
the A4 pulley (type 3). Clinical examination,
however, will frequently pinpoint the site of the
tendon. An inability to flex the PIP joint is often 
evidence of the FDP tendon trapped at this joint.
Fullness in the palm may be an indication of a type
1 avulsion injury.

A

B

Figure 1 • The pulley system of the fibroosseous canal
keeps the tendons in close approximation to the bony skele-
ton. An intact pulley system fosters optimal muscle amplitude
for tendon excursion during flexion. Loss of the pulley system
increases the moment arm (MA) and decreases flexor tendon
excursion because of the notable bowstringing. IAPD, interan-
nular pulley distance. (From Green DP, Hotchkiss RN, Pederson
WC [eds]: Green’s Operative Hand Surgery, vol 2, 4th ed.
Philadelphia, Churchill Livingstone.)
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Reconstructive Goals

The goals of primary repair of flexor tendon injuries
are as follows:

• Coaptation of the FDS and FDP tendons
• Anatomic repairs with a limited accordion

effect at the repair site
• Multistrand repair to permit active range-of-

motion rehabilitation
• Pulley reconstruction to minimize bow-

stringing
• Atraumatic surgical technique to minimize

adhesion formation
• Early active motion to minimize adhesion 

formation
• Strict adherence to rehabilitation protocols

Treatment

The ideal flexor tendon repair should be reliable,
simple, and strong. Most tendon repairs should be
performed within the first 24 to 72 hours because
delay increases the likelihood of adhesions and scar
tissue and decreases the final function. Exposure of
the tendons is achieved through either a Brunner
(zigzag) or a midaxial incision. If the finger was in
the flexed position at the time of injury, the distal
end of the flexor tendon is drawn distally as the
finger assumes an extended position. If in extension
at the time of injury, the distal flexor tendon can
usually be identified at the site of the laceration. The
proximal tendon end generally retracts into the
palm, although intact vincula may limit proximal
tendon retraction.

After exposure of the fibroosseous canal, care is
taken to avoid disruption of the tendon sheath. Cal-
culated incisions in the sheath prevent the need for
pulley reconstruction. Occasionally, a lateral inci-
sion in the sheath is required to retrieve the proxi-
mal and distal tendon ends. Blind tendon retrieval
may be complicated by injury to the distal or proxi-
mal segment of the sheath and result in adhesion
formation. After the edges are retrieved into the
wound, the tendon is secured out to length with a
25-gauge needle or a Keith needle, which pierces
through the skin into the tendons at the palm. This
maneuver should keep the tendons at the appropri-
ate length for repair without tension. If the lacera-
tion is at the A2 or A4 pulley or if repair is hindered
because of the close proximity of the pulleys to the
severed ends, Z-plasties in the pulleys or partial
releases may be required. The pulleys are repaired
after the tendon is coapted. Completely disrupted
pulleys should be reconstructed with either a slip of
the FDS tendon based distally, free tendon grafts, or
an extensor retinaculum free graft.

Minimal tendon manipulation is mandated to
prevent further injury to the tendons and decrease
the likelihood of adhesion formation. Forceps should
be used to pick up the tendon only at its severed end
and not along the sides of the tendon. Repairs must
coapt the edges without bunching or gap formation
and provide sufficient strength to prevent rupture.
Aggressive bunching impedes tendon excursion and
hinders gliding. A gap at the tendon coaptation site
results in a weak repair, adhesion formation, and
subsequent rupture.

The technique of flexor tendon repair depends on
the zone of injury. Avulsions or open lacerations of
the FDP in zone I more often than not require repair
over a dorsal button because primary repair of the
short distal end is difficult. The proximal end of the
FDP tendon is drawn through the wound and main-
tained in position with a Keith needle. Any remain-
ing distal tendon and a sleeve of periosteum are
elevated, and the volar cortex of the distal phalanx
is abraded. A Bunnell or modified Becker type of
suture technique is used to grasp the proximal end
of the tendon. The suture is passed through or
around the distal phalanx. If it is passed through
the distal phalanx, two Keith needles are mounted
onto the K-wire driver and passed partway through
the distal phalanx and the nail plate. The suture is
passed through the eye of the needle and the needle
is passed through the dorsal distal wound. The two
sutured ends are tied over a button. The proximal
tendon end must be cinched into the distal phalanx
to allow adequate contact of tendon to bone. The
button is maintained in place for 4 to 5 weeks, and
the modified Kleinert or Duran protocol is followed
for rehabilitation.

For lacerations in zones III, IV, and V, wide expo-
sure is usually required to visualize the nerves,
vessels, other tendons, and any bone that may be
involved. Although the tendons do not lie within the
tight fibroosseous canal, meticulous technique with
use of the suture noted in Table 1 is required. It is
often necessary to tag and align appropriate tendons
to ensure proper coaptation with the respective
tendons when multiple tendon injuries have
occurred.

For partial tendon lacerations (less than 25% sev-
erance), no repair is required. If a 25% to 50% lac-
eration has occurred, a peripheral epitendinous type

TABLE 1 Tendon Repair Strength—Factors

CORE SUTURE— EPITENDINOUS 
CONSIDER: SUTURE—CONSIDER:

Material used 6–0 Monofilament
Caliber Depth
Strands crossing repair Locking
Knot location Crosshatched
Dorsal versus ventral Simple running
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of suture may be needed to realign the severed edge.
Core sutures, as well as a peripheral suture, are
required for lacerations greater than 50%.

Flexor tendon injuries require meticulous care
and strict adherence to rehabilitation protocols.
Early diagnosis and adherence to the principles of
wound irrigation, débridement, and atraumatic
technique promote excellent results.

Types of Repair

Numerous types of repair have been described for
flexor tendon coaptation, the most common of which
is a modified Kessler technique with 3–0 Prolene
suture. This technique does not reliably permit an
active motion rehabilitation protocol because of the
risk of tendon rupture. Tendon repair strength is
proportional to the number of strands placed across
the repair site. There are also many different types
of suture material that have been used for flexor
tendon repair: Tycron, nylon, Prolene, Ethilon, Mer-
silene, and stainless steel wire. The suture material
should be nonreactive, of relatively small caliber,
and strong, with excellent knot-holding characteris-
tics. A commonly used caliber for suture material is
3–0 or 4–0 in either a braided or monofilament
design. Commonly used techniques for end-to-end
flexor tendon repair are illustrated in Figure 2. The
suture techniques, including cruciate, mattress, 
and cross-stitch techniques, have different grasping
qualities. Knots tied within the repair site may
occupy a significant amount of space and decrease
healing across the repair. Knots located outside the
repair along the edge of the tendon may result in
friction and adhesion formation.

A volar location for the core sutures has tradi-
tionally been advocated because the main blood
supply within the tendon is located on the dorsal

surface. However, some reports have found a bio-
mechanical advantage with the dorsal core sutures.
The modified Becker/MGH repair is an extremely
strong suture technique with greater tensile
strength than many of the other repairs. The epi-
tendinous suture itself can permit an increase in the
strength of the repair and can tuck in any frayed
edges that may have been present as a result of the
core suture.

No matter what type of repair is performed, adhe-
sions can decrease function after a flexor tendon 
laceration. Adhesions are promoted in injuries 
associated with composite tendon-tissue damage,
loss of the tendon sheath, gap formation, ischemia,
immobilization, persistent inflammation, and sec-
ondary trauma. Reconstruction of the flexor sheath
after tendon repair is controversial. It may aid in
providing extrinsic nutrition to the tendon and in
promoting glide-through synovial fluid formation,
but it is often very difficult to establish continuity of
the flexor sheath. In general, however, only the
appropriate pulleys and not the entire flexor sheath
need to be reconstructed.

To optimize repair strength, both gapping and
bunching should be avoided. Dissection should be
minimized to prevent long segments of tendon
ischemia. Stress loading should be added to promote
more rapid and stronger healing. Controlled active
motion during the rehabilitation decreases adhesion
formation. The strength of the repair decreases up
to 50% between the first and third weeks after
repair if the tendon is not stressed. Less of a
decrease in strength is noted after early stress to the
repaired tendon. Failure of the repair is often due to
suture or knot rupture.

Treatment of Late Flexor Tendon
Injuries

Indications for flexor tendon grafting include late
rupture of the flexor tendon repair, rupture or a gap
at the tenolysis site, and delay in treatment after
flexor tendon injury. Flexor tendon grafting can be
performed in a single stage or as two stages in which
the first stage involves placement of a silicone rod,
pulley reconstruction, and joint contracture release.
Single-stage tendon grafting can be considered for
tendon deficits in zones III, IV, and V. For coapta-
tion of the tendon graft to the proximal and distal
ends of the tendon, the interweave technique is pre-
ferred because it has been shown to be the strongest
in biomechanical studies. Two-stage tendon grafting
is recommended when patients require tendon graft-
ing in conjunction with pulley reconstruction or joint
contracture release. Two-stage grafting is also rec-
ommended if collapse of the sheath or excessive
scarring is encountered at the time of tendon graft-
ing or if soft tissue reconstruction is required over
the graft.

Several donor tendon site options are available:
the palmaris, plantaris, extensor digitorum longus,

Modified Kessler

MGH

Figure 2 • The modified and MGH Kessler repairs. (Adapted
from Lee WPA, Gan BS, Harris S: Flexor tendons. In Achauer
BM, Eriksson E, Vander Kolk C, et al [eds]: Plastic Surgery: Indi-
cations, Operations, and Outcomes. St. Louis, CV Mosby,
2000, p 1970.)



Flexor Tendon Repair —— 529

T
h

e U
p

p
er E

xtrem
ity

extensor indicis proprius, and extensor digiti
minimi. Selection of a tendon graft is based on the
length requirement and the number of tendons
requiring graft reconstruction. The palmaris longus
provides 16 cm, or sufficient length to graft from the
palm to the fingertip. If more graft is needed, lower
extremity donors can provide 30 to 35 cm. The pal-
maris is generally the preferred graft because it is
in the same operative field and provides sufficient
length. The technique of harvesting a tendon
involves dividing the tendon distally and pulling the
tendon through a tendon stripper, which releases
the tendon from the muscle substance. The palmaris
longus is absent in 15% to 25% of patients. Presence
of the palmaris longus can be determined by asking
the patient to oppose and flex the wrist against
resistance. Another potential upper extremity donor
is the injured FDS. When multiple tendon grafts or
one long tendon graft from the wrist to the fingertip
is required, the longer lower extremity donors are
useful. The plantaris provides 35 cm of tendon but
is absent in 7% to 20% of patients. The plantaris can
be located anterior and medial to the Achilles
tendon. If the plantaris and palmaris are absent, the
extensor digitorum longus from the second, third,
and fourth toes can provide multiple segments of
tendon 30 cm in length. The extensor digitorum
longus is harvested through an incision over the
metatarsophalangeal joint. These tendons, however,
can be fused at the ankle level, thus necessitating a
second incision.

At the first stage of two-stage tendon grafting for
zone II reconstruction, the sheath is exposed with
midlongitudinal incisions to minimize the risk of
silicone rod exposure. The FDP can be used as the
motor unit and is generally identified just proximal
to the A1 pulley because it is held there by the
origin of the lumbrical. The distal part of the FDP
is preserved to suture to the silicone rod and the
tendon graft in the first and second stages, respec-
tively. Alternatively, the FDS can be used as the
motor unit to avoid the potential risk of tendon
imbalance with quadriga or a lumbrical-plus
posture. The distal end of the FDS is preserved to
adhere to the flexor canal for prevention of PIP
hyperextension. If the PIP joint already hyperex-
tends, the FDS tail can be tenodesed to the flexor
canal to treat the hyperextension. Joint contrac-
tures should be released at the first stage. The
distal portion of the silicone rod should be secured
distally and left free proximally to prevent the rod
from being pulled or migrating from the appropri-
ate position. Pulley reconstruction should be per-
formed at the first stage over the silicone rod. Of
the various techniques described, the encircling
repair technique with a tendon graft has been
shown to be the strongest. In this technique, the
tendon graft is passed circumferentially around 
the phalan and silicone rod at the level of desired
pulley construction. When reconstructing the A2
and A4 pulleys, the graft should be passed dorsal to

the extensor tendon. For reconstruction of the
pulley system of the thumb, the oblique pulley has
been shown to be the most critical.

The second stage should be performed at 3
months to allow for the development of a pseu-
dosheath. Radiographs can be obtained to confirm
proper position of the rod. After limited proximal
and distal incisions, the tendon graft is sutured to
the rod proximally and pulled distally, and the graft
is left in the pseudosheath. Of the various distal
juncture techniques, repairing the tendon to tendon
has been shown to heal most reliably. The distal
juncture can also be repaired with a pullthrough
suture through the sterile matrix of the nail bed and
nail plate over a button. The proximal end of the
tendon graft is repaired to the motor unit with the
interweave technique, which allows for size discrep-
ancy. This technique also allows for setting the
appropriate length of the tendon graft. If the tendon
graft is too short, quadriga and a weakened grip can
result. If the tendon graft is too long, a lumbrical-plus
posture results with paradoxical hyperextension of
the PIP joint on attempted finger flexion. These
potential complications can be avoided by using the
proximal FDS as the motor unit to avoid quadriga
and a lumbrical-plus posture. Immediately after the
second-stage operation, early active motion can be
initiated with passive flexion and active hold exer-
cises. Patients can begin active flexion exercises at 4
weeks postoperatively. At 6 weeks, the dorsal block-
ing splint can be discontinued. The patient is allowed
to participate in regular activities at 12 weeks.

Possible complications of tendon grafting include
adhesions, infection, rod exposure, synovitis,
rupture, and tendon imbalance.

Postoperative Care/Rehabilitation

One of the most important factors for success of
flexor tendon repairs involves close adherence to a
regimented hand therapy rehabilitation program.
Various rehabilitation protocols may be used after
flexor tendon repair. Because each protocol places
different tensile stress demands on the tendons and
their repair sites, the choice of rehabilitation proto-
col depends on the type of repair performed. Other
variables include edema and scar tissue, both of
which increase drag on the tendons and, in turn,
increase the force needed to produce a given flexion
task, a situation which may result in tendon
rupture. It is therefore important to limit scarring
through meticulous surgical technique and to mini-
mize edema with positioning and therapy. Con-
trolled stress is supplied in proportion to the
increase in tensile strength. Stressed tendons heal
faster, gain strength more rapidly, have fewer adhe-
sions, and result in better excursion.

Passive range-of-motion regimens, including the
modified Kleinert and Duran protocols, involve the
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use of a dorsal blocking splint with the wrist at 20
to 30 degrees of flexion, the metacarpophalangeal
joints at 70 to 80 degrees of flexion, and the inter-
phalangeal joints straight. All digits are placed
within the splint and active extension is permitted.
Passive proximal and distal interphalangeal motion
within the restraints of the dorsal blocking splint is
permitted four times a day. At 4 weeks, active com-
posite flexion and extension out of the splint are per-
mitted, and dorsal blocking is continued between
exercises. At the fifth week, the dorsal blocking
splint is discontinued. Blocking exercises may be ini-
tiated at 6 weeks. Gentle passive extension is initi-
ated and a static extension splint used if extrinsic
flexor tightness is noted. At 8 weeks light strength-
ening is initiated, and at 10 weeks resisted exercises
are begun. By 12 weeks, normal activities are per-
mitted. The Kleinert protocol uses nail plate hooks
with elastic bands attached to the palm and wrist to
draw the fingers passively into flexion. The Duran
protocol allows the therapist or patient to passively
move the fingers into flexion. In both cases, patients
can actively extend their fingers.

In active range-of-motion protocols, for the first 3
weeks the patient is placed in a splint similar to the
modified Kleinert and Duran protocols. However, in
addition, place-and-hold exercises are instituted in
which the patient passively flexes the digits and is
allowed to contract the muscles to hold the digits in
the fist position. At 3 weeks, gentle tenodesis exer-
cises are initiated out of the splint. No active com-
posite flexion is allowed until 4 weeks, at which time
active composite flexion exercises out of the splint
are initiated. Differential gliding exercises are also
begun; the splint is discontinued at 6 weeks and
passive extension is initiated. At 7 weeks light
strengthening is permitted, and by 12 weeks,
normal activities ensue.

Complete immobilization is often recommended
for children younger than 10 years and for patients

unable or unwilling to follow a controlled motion
(passive or active) protocol.

Pearls and Pitfalls

• The strength of tendon repairs is directly
related to the number of strands of suture
material crossing the repair site and the use of
epitendinous suture.

• Strength decreases up to 50% between 1 and 3
weeks if the repair is unstressed.

• Avoid tendon bunching.
• Avoid exposure of knots.
• Use atraumatic technique to decrease adhesion

formation in uninjured tendon.
• Gap formation increases the risk for rupture.
• Avoid trapping the repair behind a pulley.
• For best results, initiate rehabilitation proto-

cols immediately.
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Because the extensor tendon and mechanism are
located superficially under the skin on the dorsum
of the hand, injuries are relatively common. Over
the years, extensor tendon injuries have not
attracted the same degree of attention as flexor
tendon injuries. However, diagnosis and treatment
of extensor injuries require comparable knowledge
and skill on the part of the surgeon. The purpose of
this chapter is to review extensor tendon injuries
and time-proven treatment regimens.

Etiopathogenesis

Extensor tendon injuries can result from sharp or
blunt mechanisms. Injury to the extensor tendon 
at the more distal zones, such as zones 1 and 3, is
more commonly a result of blunt trauma. Proximal
extensor tendon injuries usually occur from sharp
trauma. Extensor tendon injuries can also result
from the chronic inflammatory milieu associated
with arthritis. The most common extensor tendons
to rupture in patients with rheumatoid arthritis
include the extensor pollicis longus and extensor
digiti minimi tendons.

Pathologic Anatomy

The substance of the extensor tendon changes dis-
tally to proximally. It is thinner and more super-
ficial distally, whereas at the wrist the extensor
tendon is thicker and lies deeper. Therefore, treat-
ment of extensor tendon injuries is influenced by the
site of injury. Moreover, outcomes after repair of
extensor tendons vary by level of injury. Thus,
extensor tendon injuries have been classified into
different zones to assist and direct management
(Fig. 1 and Table 1).
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There are 11 extensor tendons. The extensor dig-
itorum communis (EDC) muscle has four tendons
passing to the index, middle, ring, and small fingers.
It is not uncommon for EDC muscle bellies to be
independent of each other. The index finger has a
second extensor, the extensor indicis proprius (EIP)
tendon; the small finger also has another extensor
tendon, the extensor digiti minimi (EDM). This
anatomic arrangement provides the index and small
finger with independent hyperextension at the
metacarpophalangeal (MP) joint. Another anomaly
is the extensor indicis et medii communis, which
splits to the index and middle fingers. The extensor
digitorum brevis manus is another aberrant muscle
infrequently found on the dorsum of the hand. The
thumb is extended at the interphalangeal joint by
the extensor pollicis longus (EPL), which is longer
and therefore inserts more distally onto the distal
phalanx. The extensor pollicis brevis (EPB) extends
the thumb at the MP joint. The wrist is extended by
the extensor carpi radialis longus and brevis (ECRL,
ECRB), which insert at the second and third
metacarpal bases, respectively. The extensor carpi
ulnaris (ECU) also extends the wrist and inserts
onto the fifth metacarpal base.

At the level of the wrist, the wrist and digit exten-
sor tendons pass under the extensor retinaculum
through six tunnels, or dorsal compartments, that
are numbered in the radial-to-ulnar direction (Fig.
2). The EPB and abductor pollicis longus are con-
tained in the first dorsal compartment. The ECRL
and ECRB pass through the second compartment.
The EPL courses ulnar to Lister’s tubercle in the
third tunnel. The fourth dorsal compartment con-
tains the EDC and EIP tendons. The EDM and ECU
course through the fifth and sixth compartments,
respectively.

Other pertinent anatomy includes the sagittal
bands and transverse retinacular ligaments that
centralize the extensor tendon over the MP and
proximal interphalangeal (PIP) joints, respectively

Extensor Tendon Injuries
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(Fig. 3). The sagittal band arises from the volar plate
and the intermetacarpal ligaments and neck of the
metacarpals. Lateral bands are extensions of the
intrinsic hand muscles that are required for exten-
sion of the interphalangeal joints; they contribute to
flexion of the MP joints. The lateral band structures
extend along both sides of the PIP joint to attach to
the base of the distal phalanx as the terminal exten-
sion of the extensor.

Preoperative Evaluation

The extensor tendon inserts into the distal phalanx
as the terminal extension of the joining lateral
bands (zone 1). Zone 1 extensor injuries can result
from an open or closed mechanism. The most
common cause of a zone 1 extensor tendon injury is
forceful hyperflexion while the digit is extended (i.e.,

a mallet finger deformity). When the tendon is
injured at this level, the patient is unable to extend
the distal phalanx, and the finger assumes a flexed
posture at the distal interphalangeal (DIP) joint.
The severity of the deformity varies from a few

Figure 1 • The nine zones of extensor tendon injuries. (From
Doyle JR: Extensor tendons: Acute injuries. In Green DP,
Hotchkiss RN, Pederson WC [eds]: Green’s Operative Hand
Surgery, vol 2, 4th ed. Philadelphia, Churchill Livingstone, 1999,
pp 1950-1987.)

TABLE 1 Extensor Tendon Zones of Injury

ZONE FINGER THUMB

1 DIP joint Interphalangeal joint
2 Middle phalanx Proximal phalanx
3 PIP joint MP joint
4 Proximal phalanx Metacarpal
5 MP joint Carpometacarpal 

joint/radial styloid
6 Metacarpal
7 Dorsal retinaculum
8 Distal forearm
9 Mid to proximal forearm

DIP, distal interphalangeal; MP, metacarpophalangeal; PIP, proximal
interphalangeal.

Figure 2 • At the level of the wrist, the wrist and digit exten-
sor tendons pass under the extensor retinaculum through six
tunnels known as dorsal compartments. The dorsal compart-
ments are numbered in the radial to ulnar direction. (From
Doyle JR: Extensor tendons: Acute injuries. In Green DP,
Hotchkiss RN, Pederson WC [eds]: Green’s Operative Hand
Surgery, vol 2, 4th ed. Philadelphia, Churchill Livingstone, 1999,
pp 1950-1987.)
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degrees to 70 degrees. Closed injuries should be
evaluated with a radiograph to assess for a possible
fracture. Mallet finger deformities have been classi-
fied. Type 1 mallet finger deformities, the most
common, result from closed or blunt trauma with
loss of tendon continuity, with or without a small
avulsion fracture. Type 2 injuries occur from a lac-
eration at or proximal to the DIP joint with loss of
tendon continuity. Type 3 injuries are caused by
deep abrasions and result in loss of skin, subcuta-
neous cover, and tendon substance. Type 4A injuries
occur with transepiphyseal plate fractures in chil-
dren. Type 4B injuries result from hyperflexion
injury, with fractures encompassing 20% to 50% of
the articular surface. Type 4C mallet injuries occur
with fractures of the articular surface (greater than
50%) and with early or late volar subluxation of the
distal phalanx.

Loss of extension at the PIP joint can result from
both open and closed injuries. An injury to the
central slip can occur as a result of acute forced
flexion of the PIP joint. When the central slip of 
the EDC has been cut or it ruptures from the base

of the middle phalanx, loss of PIP joint extension can
occur. Over time (usually 10 to 21 days), a central
slip injury can progress to a boutonnière deformity
in which the proximal phalanx protrudes dorsally
through the lateral bands like a button. The proxi-
mal and volar vector or lateral band pull causes
flexion of the PIP joint and hyperextension of the
DIP joint. Because the deformity is not initially
present, early diagnosis of the injury is often missed;
however, provocative maneuvers have been
described for earlier diagnosis of central slip
injuries. Loss of extension greater than 15 degrees
at the PIP joint with wrist and MP flexion, weak PIP
extension against resistance, and some loss of
passive flexion of the DIP joint while passively
extending the PIP joint are signs that suggest
central slip injury. It is important to differentiate a
boutonnière deformity from a pseudoboutonnière
flexion contracture of the PIP joint because their
treatment is much different.

Loss of extension at the metacarpal joint can
occur from an injury to the extensor tendon or sagit-
tal band or it can be caused by trigger finger syn-
drome. Sagittal band injury is suggested if the finger
can be held in extension after it is passively
extended; this maneuver centralizes the EDC.
Trigger finger syndrome is usually suggested by 
previous popping with extension and tenderness
over the A1 pulley. An injury to, or long-standing
compression of, the radial nerve (posterior
interosseus nerve syndrome) proximal to the inner-
vation of the EDC and EDM muscles can cause loss
of extension to the MP joints.

Reconstructive Goals

The results of extensor repairs can be judged by
recovery of total active motion, loss of extension and
flexion, and grip strength. A widely accepted system
for assessing the outcome of extensor repairs
involves documentation of loss of extension and
flexion. A patient with full flexion and extension is
considered to have an excellent result. Loss of 10
degrees or less of extension plus loss of 20 degrees
or less of flexion represents a good result. A fair
outcome results when 11 to 45 degrees of extension
is lost and 21 to 45 degrees of flexion is lost. A
patient is considered to have a poor outcome if more
than 45 degrees of flexion and extension is lost.

Treatment

Suture Techniques

Because of the small caliber of the extensor tendons
in the fingers, the suture techniques commonly used
for flexor tendon injuries have to be modified when

Figure 3 • The sagittal bands and transverse retinacular lig-
aments that centralize the extensor tendon over the metacar-
pophalangeal (MP) and proximal interphalangeal (PIP) joint.
(From Doyle JR: Extensor tendons: Acute injuries. In Green DP,
Hotchkiss RN, Pederson WC [eds]: Green’s Operative Hand
Surgery, vol 2, 4th ed. Philadelphia, Churchill Livingstone, 1999,
pp 1950-1987.)
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applied to the extensors. The thickness of the exten-
sor tendon in zones 1, 2, and 4 ranges between 0.55
and 0.65 mm, whereas its thickness in zones 3, 5,
and 6 is between 1.0 and 1.7 mm. Flexor tendon
suture techniques can be applied to extensor repairs
in zones 3, 5, and 6, where the tendon more closely
resembles the thickness of a flexor tendon, thereby
providing better strength and lower risk for rupture
with early motion postoperative protocols. Early
motion protocols are not required for zones 1 and 2
extensor repairs.

The authors prefer to use the Massachusetts
General Hospital (MGH) technique for zones 3 to 7
extensor repairs to minimize the risk of rupture
with early motion postoperative protocols (see Fig.
2 in the chapter “Flexor Tendon Repair”). When the
MGH technique is used for a wider tendon such as
in zone 4 injuries, six strands instead of four are
placed across the tendon, four on each side and two
in the center. Zones 1 and 2 extensor injuries can be
repaired with a continuous suture augmented with
a cross stitch epitenon technique and with a static
splint postoperative regimen.

Treatment of Zone 1 Injury

Treatment of zone 1 injuries depends on the type of
deformity. Closed type 1 injuries are treated with a
DIP splint. The DIP joint is splinted at 0 degrees
and the PIP joint is left unrestrained for active
movement. Both the DIP and PIP joints were previ-
ously maintained in slight hyperextension for the
treatment of closed mallet deformity; however, this
technique has been shown to be unnecessary. A
padded aluminum splint can be used dorsally or
volarly until the swelling has subsided to allow for
active PIP movement. The patient is instructed to
wear the splint at all times for 8 weeks. If the
patient removes the splint and bends the finger even
momentarily, the 8 weeks of splint immobilization
begins again. Alternatively, a longitudinal K-wire
can be placed across the DIP joint. Eighty percent
of patients treated with a proper splint for zone 1
injuries experience good to excellent outcomes.

If the zone 1 extensor injury is open, the tendon
is repaired with a continuous suture augmented
with a cross stitch epitenon technique and splinted
in extension for 6 weeks. If an extensor tendon
deficit exists, it can be grafted primarily or later if
soft tissue reconstruction is required. If a fracture
involves more than a third of the articular surface
of the distal phalanx, it is treated by open reduction
and internal fixation. A pullout wire loop over a
volar button and a longitudinal transarticular DIP
joint K-wire are used for fixation of the fracture 
(Fig. 4). The finger is splinted for 6 weeks, and the
transarticular DIP joint K-wire is removed at 6
weeks. Because the articular surface of the distal
phalanx remodels well, some surgeons reserve open
fixation of a mallet fracture for only volarly subluxed
injuries.

Treatment of Zone 2 Injury

Injuries to the extensor tendon in zone 2 usually
occur secondary to a laceration. Lacerations of the
extensor tendon within this zone are treated in a
manner similar to open zone 1 injuries: a continu-
ous suture augmented with a cross stitch epitenon
technique, followed by a static splint regimen for 6
weeks (Fig. 5). Partial tendon injuries involving less
than 50% of the tendon substance can be treated by
skin wound care and splinting for 10 days.

Treatment of Zone 3 Injury

When a closed central slip injury is diagnosed within
30 days, immobilization of the PIP joint in extension
for 6 weeks can provide good to excellent results.
Other reports have demonstrated success with
immobilization of closed injuries beginning up to 12
weeks after injury or as long as the PIP joint can be
passively extended. The preferred technique for PIP
immobilization is with a Bunnell-type safety pin or
a volar thermoplastic static splint. The splint immo-
bilizes the PIP joint in extension and allows active
flexion and extension of the DIP joint. The wrist and
MP joints do not require immobilization. Alterna-
tively, a cast or oblique transarticular K-wire can be
used. Mobilization of the PIP joint can begin when
full flexion of the DIP joint and passive extension at
the PIP joint are achieved and full passive extension
at the PIP joint is documented. During the first week
of mobilization, the PIP is actively extended with a

Figure 4 • Treatment of zone 1 extensor injuries that involve
a fracture with involvement of more than a third of the articu-
lar surface. A pullout wire loop over a volar button and a lon-
gitudinal transarticular distal interphalangeal joint K-wire are
used for fixation of the fracture. (From Doyle JR: Extensor
tendons: Acute injuries. In Green DP, Hotchkiss RN, Pederson
WC [eds]: Green’s Operative Hand Surgery, vol 2, 4th ed.
Philadelphia, Churchill Livingstone, 1999, pp 1950-1987.)
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neutral MP joint and limitation of PIP active flexion
to no more than 30 degrees. If no extensor lag devel-
ops by the second week, motion can progress to 50
degrees. Motion can be increased 20 degrees per
week. Forced flexion should be avoided for 12 weeks.
If an extensor lag develops during rehabilitation, it
is treated by extension static splinting until the
aforementioned criteria are observed. If the patient
has an avulsion fracture at the base of the middle
phalanx that involves more than a third of the artic-
ular surface, open reduction with internal fixation is
required. The fracture can be secured with an
intraosseous loop wire or a K-wire and is splinted
for 4 weeks.

Extensor lacerations in zone 3 are likely to enter
the PIP joint. If so, it is important to repair the
tendon primarily and irrigate the joint thoroughly.
Either the Kessler or the MGH technique can be
used for extensor tendon repairs in this zone. Alter-
natively, zone 3 tendon injuries can be repaired with
a continuous suture and cross stitch technique. The
PIP joint is immobilized postoperatively with a volar
splint while the DIP joint is free for active flexion
and extension for 6 weeks. If the central slip and
lateral bands were repaired, the finger is placed in
a static splint to hold both the PIP and DIP joints
in extension. The remaining postoperative regimen

follows as discussed earlier for closed zone 3
injuries.

A deficit of the extensor tendon can be repaired
by one of two described techniques. A distally based
retrograde flap from the central slip can be turned
over the tendon to reinforce the central slip. The ret-
rograde central slip flap should be as wide as possi-
ble while allowing primary closure of the central slip
donor area. Alternatively, the central edges of the
lateral band can be split for 2 cm and approximated
longitudinally over the center of the PIP joint. These
techniques can also be used if the central slip is defi-
cient distally.

A chronic boutonnière deformity can be corrected
by approximating the lateral bands dorsally, wrap-
ping them with a tendon graft, and creating a
Fowler extensor tenotomy distally over the DIP
joint. When performing the tenotomy, the tendon
should be fractured with a celery stick technique
until hyperextension is corrected. The DIP and PIP
joints are then internally splinted with a longitudi-
nally placed intraarticular K-wire for 6 weeks.

Treatment of Zone 4 Injury

Extensor tendon injuries in zone 4 are usually
partial lacerations. If the laceration involves only
the lateral band, it should be repaired with a figure-
of-eight suture and early initiation of protected
motion. Because these injuries involve direct inspec-
tion for diagnosis, even partial injuries can be
repaired with figure-of-eight sutures and early ini-
tiation of protected motion. A complete laceration
can be repaired with the MGH technique by using
six core sutures because of the width of the tendon
at this level. Alternatively, a complete tear can be
repaired with a continuous suture and cross stitch
technique. An early relative motion protocol is
begun on the first postoperative day as described
later. In general, the outcomes of complete zone 4
injuries are inferior to those of zone 5.

Treatment of Zone 5 Injury

Zone 5 extensor tendon injuries over the MP joint
most commonly occur from a clenched fist punch to
the mouth region. A radiograph should be obtained
to evaluate for a fracture or foreign body. The
wounds and the MP joint should be thoroughly
explored, irrigated, and left open. Antibiotics should
be administered. Most of the associated extensor
tendon injuries are only partial. Complete tendon
lacerations can be repaired at 5 to 7 days because
the extensor tendon ends do not significantly retract
at this level.

Treatment of Sagittal Band Injuries 

Closed sagittal band injuries are more common than
open sagittal band injuries because of the relatively

Figure 5 • Treatment of a laceration of the extensor tendon
within zones 1 and 2 with a continuous suture augmented with
a cross stitch epitenon technique, followed by a static splint
postoperative regimen for 6 weeks. (From Doyle JR: Extensor
tendons: Acute injuries. In Green DP, Hotchkiss RN, Pederson
WC [eds]: Green’s Operative Hand Surgery, vol 2, 4th ed.
Philadelphia, Churchill Livingstone, 1999, pp 1950-1987.)
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protected position of this structure. The mechanism
for closed injury to the radial sagittal band involves
ulnarward subluxation or dislocation of the exten-
sor tendon with forceful flexion or extension of the
finger. The typical injury includes ulnar subluxation
associated with painful snapping of the tendon when
making a fist, followed by an inability to extend the
ulnar-deviated finger. The most commonly affected
finger is the middle one. If the diagnosis of a closed
sagittal band rupture is made within 2 weeks, the
injury can be successfully treated by 6 weeks of con-
tinuous immobilization of the MP joint in neutral to
slight flexion (20 degrees) while allowing active
motion of the interphalangeal joints. When the
injury is diagnosed after 2 weeks or after an open
injury, repair is indicated. If loss of sagittal band
substance precludes primary repair, a proximally
based portion of the EDC can be passed around the
lateral band to centralize the extensor tendon. The
tension on the repair should allow normal flexion of
the MP joint while maintaining centralization of the
tendon with flexion and extension. The MP joint of
the involved digit is immobilized postoperatively in
neutral position for 4 weeks.

Treatment of Zone 6 Injury

Extensor tendon repairs in zone 6 achieve better
results than more distal injuries because they are
less likely to have associated injuries and they
usually have less subcutaneous tissue and less
tendon excursion. Flexor tendon repair techniques
are more easily applied to extensor injuries in this
zone because of the thicker tendon substance at this
level. Postoperative management involves the early
relative motion protocol and a splint that maintains
the wrist at 0 degrees extension and the MP joints
at 0 to 15 degrees for 4 weeks postoperatively.

Treatment of Zone 7 Injury

Zone 7 injuries can be challenging to treat because
of retraction of the extensor retinaculum and
tendon. However, it is usually possible to preserve
portions of the retinaculum to prevent bowstringing.
Complete resection of the retinaculum is seldom
necessary because limiting adhesions can be avoided
by early protected motion. Primary repair of the
tendon can be performed with a standard core-type
suture of nonabsorbable material. Postoperative
therapy and splinting are identical to that for zone
6 injuries: early relative motion and a prefabricated
splint with the wrist at 0 degrees extension.

Tendon ruptures in this zone, such as rupture of
the EPL from rheumatoid arthritis or a Colles’ frac-
ture, are best treated by transfer of the EIP rather
than a tendon graft because of the risk for attenua-
tion and rerupture of the tendon. ECU subluxation
is treated by repair of the fibro-osseous sheath or a
tendon graft or with a portion of the extensor reti-
naculum turned over the ECU, which is then

sutured to itself. Subluxation of first dorsal com-
partment tendons can be treated by reconstructing
the first dorsal compartment with a portion of the
brachioradialis turned over and sutured to itself.

Treatment of Zone 8 Injury

Although lacerations distal to the musculotendinous
junction can be directly repaired, injuries at the
musculotendinous junction do not usually hold
sutures well. Such repairs at the musculotendinous
junction are commonly tenuous, and side-to-side
transfers are preferred if feasible. When side-to-side
transfers cannot be performed, such as when multi-
ple tendons have been severed at the musculotendi-
nous junction, they should be repaired with multiple
figure-of-eight nonabsorbable sutures and immobi-
lized for 5 weeks with the wrist extended at 45
degrees and the MP joints at 20 degrees.

Treatment of Zone 9 Injury

Penetrating wounds in the proximal third of the
forearm with functional loss should be explored to
determine whether the cause is neurologic or results
from loss of muscle integrity. If the wound extends
only through the muscle belly, careful repair of the
muscle belly is performed by using multiple figure-
of-eight sutures. Properly repaired muscle lacera-
tions restore some element of useful function.
Because the muscle planes can be difficult to iden-
tify, complete hematoma evacuation and identifica-
tion of the intramuscular fibrous septa and fascia
can be helpful in repairing the muscle and prevent-
ing suture pulling through the muscle. Tension-free
approximation of the muscle and avoidance of
suture pull through can be aided by wrist extension.
Patients are immobilized in a static splint or cast for
4 to 6 weeks postoperatively. If a suitable repair
cannot be performed, tendon transfers may be 
indicated.

Postoperative Care and
Complications

The early relative motion protocol (Merritt) involves
the use of two static-type splints that protect the
tendon repair during active motion. The distal splint
is fabricated out of thermoplastic material in an
elongated figure-of-eight configuration. The volar
aspect of the injured finger rests on support between
two uninjured fingers, which fit through the open-
ings in the figure-of-eight splint. The design limits
MP flexion to 0 to 15 degrees but allows for active
PIP flexion and extension. The repaired finger must
be kept a half to one finger width higher than the
noninvolved fingers. The distal splint can be
widened to incorporate both the small and index
fingers if the ring and middle finger extensors were
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repaired. If the index or small finger was repaired,
the distal splint can be modified to block index and
small finger MP flexion by extension of thermoplas-
tic material in a figure-of-eight pattern around the
middle and ring fingers. The proximal splint blocks
the wrist at 0 degrees of extension. The splints are
worn continuously for 4 weeks. The early relative
motion protocol was initially described for zone 5 to
7 extensor tendon repairs, but it can also be used for
zone 4 injuries with a modification of the distal
splint to limit PIP joint flexion to 30 degrees.

Ruptures of extensor tendon repairs can occur,
although they are less common than flexor tendon
ruptures. Ruptures occur most frequently in non-
compliant patients, but they can also result from
improper technique. Ruptures should be repaired
and placed in a static splint or cast if noncompliance
is suspected. Adhesion formation can complicate
extensor tendon repairs. The risk for adhesions can
be minimized by early protected motion. Combined
extensor tendon and bone injuries that require
immobilization are at greatest risk for adhesion for-
mation. Adhesions are suspected by loss of passive
and active flexion and extension. When performing
extensor tenolysis procedures, it is beneficial to use
local anesthesia to allow for intraoperative assess-
ment of lysis of adhesions. If the repair site is not
attenuated, patients should begin early active
motion immediately after tenolysis. If the extensor
tendon injury is associated with a soft tissue deficit,
soft tissue reconstruction should be completed
before tendon grafting.

Imbalance deformities of the extensor mechanism
result in loss of the physiologic biomechanics of the
extensor mechanism. Although the extensor digito-
rum tendon stays solely on the dorsum of the finger
and inserts onto the central slip at the base of the
middle phalanx, the lateral bands arise from the
volar aspect of the digit and come to lie dorsal to 
the pivot axis of the PIP joint and terminate in a
conjoint tendon on the dorsal aspect of the base of
the distal phalanx. Any alterations in the direction
of pull of the intrinsic muscles relative to the pivot
axis of the PIP joint result in significant changes in
the resting posture of each digit. Two such imbal-
ance deformities of the extensor mechanism are the
swan neck and the boutonnière deformity.

The swan neck deformity is characterized by
hyperextension of the PIP joint and flexion of the
DIP joint. The lateral bands migrate dorsally as the
transverse retinaculum ligament attenuates. There
is relative lengthening of the extensor mechanism
with resultant flexion of the distal phalanx. Primary
swan neck deformities result from laxity of the volar
plate at the PIP joint, as seen in rheumatoid arthri-
tis. Secondary swan neck deformities, however, 
are the result of disruption of the terminal tendon,
foreshortening of the extensor mechanism, dorsal
migration of the lateral bands, and attenuation of
the transverse retinaculum ligament. With time,
attenuation of the volar plate also occurs and results

in PIP joint hyperextension. The loss of continuity
of the terminal tendon results in the distal phalanx
being drawn into flexion because of the unopposed
action of the flexor digitorum profundus tendon.
Treatment of swan neck deformities is usually sur-
gical, although early splinting should be attempted.
The splint is manufactured to maintain the PIP joint
at neutral or approximately 10 degrees of flexion.
The patient is allowed to actively flex and extend the
finger while in the splint. A trial of at least 6 weeks
of splinting is recommended, but it should be noted
that splinting has a limited role in correcting swan
neck deformities. Causes of swan neck deformity
may involve pathology such as imbalance secondary
to a mallet deformity, fracture of the middle phalanx
that has healed in hyperextension, or laxity of the
volar plate at the PIP joint. Tendon reconstruction
of a swan neck deformity should not be undertaken
in patients with significant joint disruption or
arthritis; arthroplasty or arthrodesis may be more
appropriate in these patients. There are three tech-
niques of surgical reconstruction of a swan neck
deformity. The first procedure involves using the
oblique retinaculum ligament. Based distally, the
oblique retinaculum ligament is transected proxi-
mally. The ligament is wrapped volar to Cleland’s
ligament across the finger at the PIP joint and
inserted into the proximal phalanx of the contralat-
eral side. The PIP joint is kept in approximately 10
to 20 degrees of flexion. The oblique retinaculum 
ligament is fixed over a button with pull through
sutures or with a Mitek anchor.

As an alternative to the oblique retinaculum lig-
ament repair, a tendon graft can be used to perform
a spiral oblique retinaculum ligament reconstruc-
tion. The graft is attached distally at the base of the
distal phalanx and is passed volar to the PIP joint
to the contralateral proximal phalanx. The graft is
levered around Cleland’s ligament to maintain its
position. The graft can be fixed over a button or with
a Mitek anchor. The palmaris longus tendon is the
most commonly used donor tendon. The graft is
adjusted to keep the PIP joint flexed at 20 degrees
with the distal phalanx kept at neutral.

The third technique for reconstruction of a swan
neck deformity includes tenodesis of the superfi-
cialis tendon. One slip of the flexor digitorum super-
ficialis (FDS) tendon is transected proximally while
still based distally. With the PIP joint in flexion, the
FDS tendon slip is passed through the proximal
phalanx and secured with a Mitek anchor or over a
button.

For each technique of swan neck reconstruction,
a K-wire is used to maintain the PIP joint in approx-
imately 20 degrees of flexion and the DIP joint in
neutral. The K-wires are left in place for 4 weeks,
and the patient is started on active range of motion
with a blocking splint in place. Passive range of
motion is initiated at 6 weeks.

The boutonnière deformity is a second type of
imbalance deformity of the extensor mechanism and
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is characterized by DIP joint hyperextension and
PIP joint flexion. The boutonnière deformity is often
associated with compensatory MP joint hyperexten-
sion. In this deformity, attrition or disruption of the
central slip and transverse retinaculum ligament
results in volar migration of the lateral bands at the
PIP joint. Because the lateral bands fall volar to the
pivot axis of the PIP joint, the bands become flexor
tendons instead of extensors of the PIP joint. The
PIP joint is drawn into flexion, but because of the
attachments of the lateral bands to the terminal
tendon, the distal phalanx is drawn into extension
as the lateral bands contract. In the early stages of
a boutonnière deformity, it is reducible and splint-
ing may be corrective. A three-point splint is used to
extend the PIP joint and allow flexion of the DIP
joint. Unlike swan neck deformities, boutonnière
deformities respond well to splinting. At least 8 to
12 weeks of conservative splinting therapy should
be completed before surgery is contemplated. Many
surgical procedures are fraught with subsequent
stiff joints, and therefore all attempts should be
made to conservatively treat these patients initially.
Procedures performed for correction of a bouton-
nière deformity have included direct excision and
tightening of the central slip transversely with an
end-to-end repair, as well as tenotomy of the termi-
nal tendon to restore flexion of the DIP joint. Tendon
graft procedures have also been described for stabi-
lization of the dorsal PIP joint to prevent a resting
flexion posture. Tendon grafts are attached to the
proximal phalanx but passed through a dorsal hole
in the base of the middle phalanx to reconstruct the
central slip. The lateral band transfer procedure has
been described to add support to the dorsal aspect
of the PIP joint. The ulnar lateral band is transected
distally at the level of the DIP joint, and the radial
lateral band is transected more proximally at the
level of the middle phalanx. The proximal ends are
crisscrossed and sutured to the contralateral distal
ends of the lateral bands. Tendon transfers and graft
procedures require 4 weeks of immobilization fol-
lowed by 2 weeks of passive range-of-motion and
subsequent active range-of-motion and gradual
strengthening exercises. Tenotomy of the terminal
tendon is often considered a more reliable procedure
to correct boutonnière deformities. The extensor
mechanism is divided near the terminal tendon

through the triangular ligament and the lateral
band. The oblique retinaculum ligament is left
intact to avoid complete loss of distal phalanx 
extension.

Complications of secondary reconstruction proce-
dures include infection, bleeding, wound dehiscence,
scarring of the extensor tendon, joint stiffness, and
rupture of the tendon grafts or repairs. When tendon
grafts or tendon transfers are used, there is the
potential to create an excessively tight or loose
repair. Strict adherence to the rehabilitation proto-
col is required to achieve optimal results. Because
of the intricate finely tuned nature of the extensor
mechanism, reconstructive efforts are often fraught
with complications such as stiff fingers.

Pearls and Pitfalls

• It is critical to diagnose and treat extensor
tendon injuries as early as possible.

• The most optimal results can be achieved by
using tendon repair techniques that allow for
early protected motion.

• Complications can be minimized by frequent
follow-up with the surgeon and hand therapist
and by placing casts on potential noncompliant
patients.
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used, although this is the exception rather than the
rule.

Reconstructive Goals

Even though each injury has specific considerations,
the overall goals of management of hand fractures
and dislocations are as follows:

1 Pain-free hand
2 Normal (or functional) range of motion
3 Adequate strength
4 Normal sensation
5 Minimal scarring or cosmetic deformity

These goals should be accomplished with minimal
cost and risk to the patient. Patient age, hand 
dominance, and hand use patterns affect decision
making. Elderly patients with “low-use” hands do
not require the same function as a young laborer or
athlete.

Dorsally Comminuted Distal 
Radius Fractures

Patients with distal radius fractures have typically
fallen onto an outstretched hand. The force is deliv-
ered at 40 to 90 degrees off the long axis of the
radius; it travels through the volar cortex and
causes dorsal compaction of cancellous bone and
comminution of cortical bone. The greater the
energy absorbed by the hand, the greater the initial
displacement, comminution of the articular surface,
and soft tissue swelling. Patient age and bone
density have an effect on the ability of the extrem-
ity to tolerate and absorb the delivered energy.

Innumerable injury patterns can occur in the hand.
Rather than provide a laundry list of hand injuries
and their treatment, this chapter illustrates
common hand fractures and dislocations along with
their treatment to demonstrate principles of man-
agement. By understanding the fundamentals of
hand fractures and knowing the anatomy, one can
formulate treatment plans for both familiar and
rare injuries.

Etiopathogenesis

The hand is the means by which we interact with
our environment and protect ourselves. It is there-
fore susceptible to injury. Hand injuries are the most
common orthopedic injuries seen in emergency
rooms. The small bones of the hand are compara-
tively fragile and can fracture or dislocate with rel-
atively small force. In older patients, the bones can
be affected by osteoporosis, thus making them more
likely to fracture. In younger patients with stronger
bones, stressful activities can lead to both fractures
and dislocations.

Diagnostic Studies

The most important diagnostic tool in hand frac-
tures is a detailed history and physical examination,
which will elucidate most injuries and direct further
testing. In general, standard radiographs are the
most important study. This generally includes 
3 views (anterior-posterior, lateral, and oblique).
Each suspected injury (discussed in the individual
sections) may prompt specialized radiographic 
techniques that best demonstrate fractures or 
dislocations. Occasionally, computed tomography
(CT) and magnetic resonance imaging (MRI) are

Fractures and Dislocations 
of the Wrist and Fingers
GREGORY A. DUMANIAN
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Examination should begin with evaluation of
swelling, ecchymosis, and any dysfunction of the
median nerve. Swelling within the carpal canal is a
common cause of nerve dysfunction. Other causes
include direct nerve contusion, nerve traction
injuries with significantly displaced fractures, and
compression from tight-fitting splints. Light touch is
a quick test, although two-point discrimination or
monofilament testing is a more objective measure of
nerve function. Acute carpal tunnel syndrome
requiring treatment is uncommon and not generally
seen in ambulatory patients. Patients with reduced
distal radius fractures and median nerve symptoms
that worsen over days of observation should undergo
carpal tunnel release.

Multiple classification systems have been devised
for distal radius fractures. The “universal” classifi-
cation system stratifies fractures into displaced
versus nondisplaced, extraarticular versus intra-
articular, and stable versus unstable fractures. It is
critical to examine both the initial emergency room
films and any postreduction films to classify the
fracture. The worse the initial film, the greater the
chance that the fracture is unstable and will need
further treatment. Assessment of fracture severity
includes evaluation of dorsal tilt (normal, 11 degrees
palmar), radial inclination (normal, 22 degrees),
radial length (normal, 1 cm), and ulnar variance
(normal, neutral, and/or similar to the contralateral
radius) on the posteroanterior view. A distal radius
fracture with significant dorsal angulation will
cause a visible deformity of the upper extremity so
that the hand no longer seems to be located at the
distal end of the forearm. Additionally, significant
dorsal tilt left untreated limits wrist flexion and
forearm rotation. The combination of dorsal angula-
tion and radius shortening shifts the normal load-
bearing pattern of the wrist toward the dorsum of
the radial articular surface and the ulna. These
changes in load bearing of the wrist correlate with
decreased grip strength, decreased wrist motion,
and poor functional outcome. Articular incongruity
greater than 2 mm is associated with the develop-
ment of carpal instability, arthritis, and poor long-
term function. At the initial office visit, if there is
any question regarding the degree of comminution,
dorsal tilt, radius shortening, or articular step off,
preoperative CT with coronal and sagittal recon-
struction is helpful.

Treatment

The majority of distal radius fractures heal with
immobilization and follow-up. Patients typically
come to the office within 1 week of the injury. A
follow-up visit at 2 weeks allows a second set of radi-
ographs to be taken to confirm fragment position
and conversion to a short arm cast with the metacar-
pophalangeal (MP) joints free. Shoulder, elbow,
forearm, and digit range of motion should be encour-
aged to minimize stiffness. In patients with extra-

articular fractures, the cast can be changed to a
Velcro carpal tunnel splint at 4 weeks, which can 
be removed for bathing, arm hygiene, and early
active protected motion. At 6 weeks, films are
repeated and therapy begun, if needed. A final visit
occurs 8 to 10 weeks after injury, and the patient is
discharged.

Patients with high functional demands on their
hands and initial films showing fractures with
greater than 20 degrees of dorsal tilt, 10 mm of
shortening, 2 mm or more of intraarticular step off,
and dorsal comminution should be considered for
surgery (Fig. 1A and B). Even when the postreduc-
tion films are improved, the fragments will often
gradually slide back to their initial position and
leave the patient and the surgeon to deal with the
more difficult situation of a several-week-old frac-
ture with associated swelling and malposition. In a
patient with films showing acceptable reduction, the
risk of surgery is compared with the risk of redis-
placement. Younger patients with a few large frag-
ments and adequate bone stock are less likely to
suffer redisplacement. It is helpful to look at the
initial film as it represents the worst case of redis-
placement and decide whether this result would be
associated with adequate wrist function. If not, a
stronger case is made for surgery. If so, the risks and
benefits are described as clearly as possible to the
patient for input. For a patient with a persistently
displaced fracture, the risks of surgery are compared
with the risk of wrist deformity and pain.

A combination of external fixation, internal fixa-
tion, bone grafting, and supplemental pins is used
for surgical treatment. Placement of external fixa-
tors has become simplified with standardization of
devices. Two pins are inserted into the second
metacarpal and two pins into the bare spot of the
radius. The external fixator spans the fracture site.
The superficial branch of the radial nerve should be
protected while placing the pins. By the process of
ligamentotaxis, stretching of the soft tissues and
periosteum around the fracture pulls the fragments
into place. It also unloads the wrist joint from the
pull of the forearm muscles and thus decreases the
tendency for redisplacement. The wrist should not
be “overstretched,” and overstretching can be pre-
vented by closely watching the distraction at the
midcarpal joint and assessing for extrinsic tightness
of the extensor tendons. Overdistraction results in
stiffness and an increased risk for reflex sympa-
thetic dystrophy. Because simple ligamentotaxis
may not restore alignment, open reduction may be
necessary. Reduction is assessed by portable fluo-
roscopy. A small 1-cm incision is made dorsally just
proximal to Lister’s tubercle between the third and
fourth extensor compartments, the fracture site
entered, and the fracture tilt improved with a
periosteal elevator. To hold and buttress the articu-
lar surface, iliac crest bone graft or bone substitutes
can be placed through this incision. If palmar tilt
has been reestablished but there is a risk for loss of
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correction, 0.045-inch pins can be introduced percu-
taneously through the radial styloid across the frac-
ture into the more proximal end of the radius (Fig.
1C and D). Percutaneous pins are not generally com-
bined with bone grafting to preserve palmar tilt
because of fear of infection of the bone graft.

Internal fixation is possible when the fragments
are large and other pathology is present that needs
attention, such as repair of a torn scapholunate 

ligament. Open reduction may also be necessary 
for displaced intraarticular fractures to ensure 
adequate alignment of the articular surface. The
amount of soft tissue dissection required for place-
ment of a dorsal plate is much greater than it is for
a “mini-open” procedure to place a dorsal bone graft.
Dorsal plates can irritate the overlying tendons, and
despite newer low-profile plate designs, secondary
surgery for plate removal is often necessary. In com-

A B

C

D

Figure 1 • Anteroposterior (A) and lateral (B) views of an intraarticular distal radius fracture with significant shortening and
dorsal tilt. There is an associated rotated ulnar styloid fracture. Anteroposterior (C) and lateral (D) views after external fixation
and supplemental K-wire fixation. The distal end of the ulna was thought to be unstable and was therefore opened and fixed
with a K-wire and an intraosseous wire.
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parison, volar plates are tolerated quite well. For
these reasons, many surgeons believe that it is best
to avoid dorsal plates and rely on a dorsally placed
bone graft through mini-incisions to control articu-
lar step off and tilt after placement of the external
fixator. Others are more aggressive in open reduc-
tion and internal fixation of these fractures. Overall
hand and wrist function is similar between groups
of patients undergoing either external fixation or
internal fixation of intraarticular distal radius frac-
tures with displacement. Both groups do signifi-
cantly better than those treated by cast fixation.

The newest technique is treatment of dorsally 
displaced radius fractures through a volar approach.
New locking plate designs and extensive exposure
are required for accurate reduction of the fracture 
fragments. Volar placement of plates obviates the
need for external fixation. Volar hardware under 
the pronator quadratus is typically well tolerated,
and delayed hardware removal is generally not 
necessary.

After treatment of the distal radius fracture,
attention is diverted to the distal end of the ulna and
the distal radioulnar joint (DRUJ). Large distal
ulnar fractures are treated with either wires or pins;
smaller ulnar styloid fractures with a stable DRUJ
(no excessive anteroposterior mobility) can be
ignored. The fixator is kept in place for 6 to 8 weeks,
depending on the assessment of union, and therapy
is begun. Motion of the shoulder, elbow, and fingers
is maintained while the fracture heals.

Acute Scaphoid Fractures

The scaphoid bone links the proximal and distal
carpal rows, and integrity of this bone is critical for
maintenance of the normal mechanics of the wrist.
Compressive force along the volar axis of the
scaphoid causes the bone to assume an apex dorsal
angulation when fractured across its waist. Over
time (weeks to months), the volar aspect of the frag-
ments is reabsorbed as a result of micromotion. If
left to heal in this position, the scaphoid would have
an apex dorsal angulated shape or “humpback”
deformity. Scaphoid humpbacks cause carpal
malalignment, carpal instability, and progressive
radiocarpal degenerative changes over time. Apex
dorsal angulation of unstable scaphoid fractures is
a related, but distinct injury pattern after a rup-
tured scapholunate ligament. When the scaphoid is
intact in these injuries, the longitudinal compres-
sive force across the scaphoid causes the entire
scaphoid to flex (or, in another way of thinking, for
it to assume an apex dorsal angulation with the
radius). As the scaphoid flexes, the lunate extends
or points dorsally or assumes a DISI (dorsal inter-
calated segment instability) injury pattern.

Another critical concept in the treatment of
scaphoid fractures is the relatively poor blood supply

to the proximal fragment after a fracture; the major-
ity of the bone surface is articular cartilage, and
there is little area for vessels to enter. Most of the
blood supply enters the scaphoid along the dorsal
ridge, distally on the bone, and flows in a retrograde
manner. Because of the retrograde supply, trans-
verse fractures have a high incidence of interrupted
blood flow to the proximal fragment, thereby result-
ing in avascular necrosis of the proximal fragment.
Poor blood flow to the proximal fragment is one
reason for the slow healing time of scaphoid 
fractures.

Scaphoid fractures may initially be seen in one of
three ways: acute injuries with snuffbox tenderness
after a fall onto the outstretched wrist, subacute
injuries weeks to months after a self-treated “wrist
sprain” in which the pain never quite resolved, and
chronic injuries with old fractures and changes in
carpal bone architecture along with changes in the
articular surface of the radius and adjacent carpal
bones. This chapter focuses on patients with acute
injuries. Such patients can be of any age group, but
in general, these fractures occur in active young
adults, with fractures occurring in men more fre-
quently than in women.

Examination reveals the area of maximal tender-
ness to be over the snuffbox and at the tubercle of
the scaphoid. A scaphoid series with a minimum of
four views is obtained. A posteroanterior view with
the wrist ulnarly deviated is helpful to align the
scaphoid for viewing along its long axis. Particular
emphasis is placed on looking for signs of other
injuries, especially disruption of the scapholunate
ligament. Views of the opposite wrist are helpful for
comparison. If snuffbox tenderness is still present
despite normal films, the patient should be placed
in a well-molded short arm thumb spica cast and
asked to return in 2 weeks for repeat films. Alter-
natively, CT or MRI of the wrist is an option for
immediate diagnosis. If the patient is still tender at
the repeat 2-week visit, CT or MRI is performed and
the splinting continued. Wrist immobilization is con-
tinued until the patient is pain free or additional
imaging studies are negative.

Treatment Options and Surgical
Decision Making

Scaphoid fractures should be categorized as stable
or nonstable. Stable fractures include nondisplaced
fractures of the waist and distal pole, but treatment
of such fractures is controversial. Satisfactory
results can be obtained in nondisplaced or mini-
mally displaced (less than 1 mm) fractures with long
arm thumb spica immobilization for 3 weeks, fol-
lowed by short arm casting until healing is con-
firmed by plain films or CT. Prevention of pronation
and supination of the wrist with elbow immobiliza-
tion decreases micromotion at the fracture site, and
several studies have implied more rapid healing
with above-elbow casts. Distal pole fractures heal
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faster than middle third or proximal pole fractures,
and the above-elbow component may be omitted. In
general, patients should be educated about the slow
healing of scaphoid fractures. Over the first several
weeks, radiographs are taken frequently and casts
are changed often to ensure immobilization and
prevent fracture displacement. Afterward, patients
are seen monthly until healing is complete. Non-
displaced fractures treated promptly have a 90% to
95% healing rate. More recent literature suggests
that internal fixation, even for stable fractures, has
certain advantages over cast immobilization
because it avoids prolonged immobilization.

Unstable fractures are those with more than 
1 mm of displacement, fractures of the proximal pole,
and fractures initially seen more than 4 months
after injury. They require operative intervention.
Although the surgical technique depends on the
location of the fracture and surgical expertise, the
goal is to anatomically align the scaphoid and obtain
secure fixation. A volar approach is useful for apex
dorsal fractures because it ensures adequate frac-
ture visualization and reduction and placement of a
volar bone graft. A dorsal approach may be more
useful for proximal pole fractures that do not require
bone grafting. Fixation options include differential
pitch compression screws or K-wires. In cases
without volar bone loss or resorption, compressive
screws placed across the fracture are effective in
obtaining fracture union. Placement of the screw
requires experience, and it is especially difficult in
patients with volar bone loss. K-wires are an effec-
tive and simpler method of maintaining reduction.
They are useful for chronic fractures when a large
corticocancellous graft is placed volarly between the
fracture fragments. Jigs can be difficult to place in
this instance because of the relative instability of
the construct, as opposed to K-wires, which can effi-
ciently spear the fracture fragments and the graft.

Dislocations of Carpal Bones

Carpal bone dislocations are high-energy injuries
that occur during motor vehicle accidents or follow-
ing falls from a significant height. Patients with
these injuries seek medical attention for wrist pain
and swelling. Because of the frequency of associated
injuries, attention is often shifted to life-threatening
issues, and in the absence of a fracture, the dislo-
cation is often missed. The injuries are severe, 
and acute compression of the median nerve is a 
possibility.

A unifying pathomechanic description of the spec-
trum of carpal bone dislocations has been termed
“progressive perilunate instability.” In the cadaver
laboratory, an array of carpal bone dislocations was
created by forced wrist extension, ulnar deviation,
and intercarpal supination. With wrist extension
and ulnar deviation, the scaphoid extends whereas

the lunate is locked into position by the tighter radi-
olunate ligament. Simultaneous supination of the
hand tears the connections between the scaphoid
and lunate and therefore ruptures the scapholunate
ligament (stage I). Further hyperextension plus
supination tears the ligaments between the lunate,
scaphoid, and capitate (stage II). The next ligaments
to tear are those between the lunate and triquetrum
(stage III). If the lunate remains in the lunate fossa
of the distal end of the radius and the midcarpal
joint is dorsally displaced, the result is a perilunate
dislocation. When the midcarpal bones return to be
collinear with the distal part of the radius, the
unstable lunate is pushed out of its facet volarly
through the torn midcarpal ligaments (the space 
of Poirier), an injury termed a lunate dislocation
(stage IV).

Fractures can be added to the concept of “pro-
gressive perilunate instability.” In pure dislocations,
energy is dissipated by tearing of the intercarpal
and radiocarpal ligaments around the lunate, a 
condition termed a “lesser arc” injury. Rather than
going around the lunate, the energy can travel
through the carpal bones and cause fractures of the
radial styloid, scaphoid, capitate, and triquetrum in
so-called greater arc injuries.

Accurate diagnosis requires careful evaluation of
a true lateral wrist radiograph because a pos-
teroanterior radiograph can look relatively normal.
With all wrist injuries, the capitate must remain
normally aligned in the distal facet of the lunate on
all views. Displacement of the lunate on the lateral
radiograph is known as the “empty teacup” sign and
is indicative of carpal dislocation. Early reduction 
is performed to relieve compression on the median
nerve and because reduction is easier in the acute
setting. To reduce the dislocation, anesthesia is
induced and traction applied for at least 10 minutes.
The wrist is extended, and volar force is applied to
the palm to reduce the lunate and keep it in proper
position. The wrist is gently flexed to seat the capi-
tate on the distal articular surface of the lunate.
Closed reduction is usually possible, and postreduc-
tion films are obtained to identify any missed frac-
tures and plan for later operative repair.

Treatment Options and Surgical
Decision Making

In most cases, because of the unstable nature of
these injuries, they require surgical intervention
after reduction. The only situation in which closed
reduction alone is used is in a low-demand patient
with a scapholunate interval less than 2 to 3 mm
after reduction and without flexion of the scaphoid
or dorsal tilt of the lunate on lateral view. These
cases can be managed by casting for 8 to 10 weeks
with upward volar pressure on the distal pole of the
scaphoid and dorsal downward pressure on the cap-
itate. Close radiographic follow-up of the scapholu-
nate interval is essential.
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Most surgeons favor open reduction and restora-
tion of carpal bone alignment with K-wire fixation
and direct ligamentous repair (Fig. 2). Fractures are
treated by stable internal fixation, which can be per-
formed as a primary repair at the time of the initial
reduction or as a delayed repair 4 to 7 days after
injury when the swelling has begun to subside.
Acute median nerve compression and an inability to
achieve closed reduction are indications for immedi-
ate surgery.

Restoration of carpal alignment begins with the
lunate. The lunate is exposed through a dorsal inci-
sion and a longitudinal capsular approach. It is fixed
in its facet in neutral position (without dorsal or
volar tilt) with a 0.045-inch K-wire emerging from
the distal end of the radius. At each step of the 
procedure, bone position is confirmed by fluoroscopy.
The remainder of the carpal bones are reduced
around the neutral lunate with the aid of fluo-
roscopy to ensure adequate alignment. Torn liga-
ments between the proximal carpal row are
identified and repaired if possible. Bone anchors can
be used to facilitate repair. For the scapholunate lig-
ament, the most important area is dorsal and distal.
The sutures are left long to be tied without tension
after K-wires are placed between the scaphoid and
lunate. The scaphoid is extended from its flexed
position by using K-wire joysticks. A towel clamp
placed with its jaws between the lunate and
scaphoid is used to decrease the bony interval. K-
wires are passed between the scaphoid and lunate,
and a supplemental pin is inserted between the
scaphoid and capitate to prevent scaphoid flexion.
When proper reduction is achieved, the proximal
articular surface of the capitate should not be visible
because it is covered by the lunate. K-wires are also
placed between the lunate and the triquetrum. The
pin from the radius to the lunate can usually be
removed at this stage to allow wrist flexion for expo-
sure. After reduction is achieved, the scapholunate
ligament sutures or bone anchors are tied. Despite
being more controversial, an extended carpal tunnel
incision can also be made to inspect and repair the
torn volar ligaments. The latter maneuver is per-
formed to repair the important volar radiocarpal lig-
aments, to add support to the carpal bones so that
they retain their surgically reestablished alignment,
and to release the median nerve. Patients are kept
is a short arm splint for 8 to 10 weeks, at which time
the K-wires are removed and hand therapy begun.

Metacarpal Fractures and
Dislocations

Numerous metacarpal fracture patterns exist, with
the largest number of fractures occurring in the
border digits. The majority of fractures heal with 3
to 4 weeks of splinting and early active motion. The
surgeon must identify fractures with expected slow

healing times or with the potential for healing with
a problematic deformity. These fractures should
undergo surgical treatment, which allows for early
active motion and therefore fewer secondary prob-
lems of joint stiffness and tendon adhesion.

Metacarpal Base Fractures

Intraarticular metacarpal base fractures of the
thumb (Bennett’s fracture) and the fifth finger
(reversed Bennett’s fracture) are common fractures
requiring intervention, as opposed to extraarticular
metacarpal base fractures, which are typically seen
in the central digits and do well with splinting.
Because of pull on the major fragment by the abduc-
tor pollicis longus (APL) and adductor for the thumb
and by the extensor carpi ulnaris (ECU) for the fifth
finger, these fractures often displace despite ade-
quate immobilization. The initial emergency room
films are important because the amount of dis-
placement before reduction is the “worst-case” sce-
nario for the fracture if splinting is not effective.

Significant displacement of the thumb
metacarpal away from the trapezium should be
treated by reduction and K-wire fixation. When 
possible, the treatment should be done in closed
fashion. It is not necessary to pass the K-wire
between the major and minor fragments when the
minor fragment is small, although the reduction
should be as close to anatomic as possible. K-wires
passed through the metacarpal base into the trape-
zium neutralize the deforming force of the APL and
allow the fracture to heal. Supplemental fixation
between the thumb and index finger can also be
used. For a large minor fragment, anatomic open
reduction through a volar approach becomes more
feasible and beneficial. For minor fragments greater
than 30% of the articular surface, screws can be
used to fix the fragments.

Two different approaches are used for reversed
Bennett’s fractures of the fifth metacarpal. The first
method treats the fractures in a manner similar to
Bennett’s fractures; specifically, K-wires are used to
neutralize the pull of the ECU by passing from the
fifth metacarpal base into the fourth metacarpal
base or into the hamate (or into both). The second
approach entails a 3-week course of splinting fol-
lowed by active motion. If symptoms develop, fusion
of the fifth carpometacarpal (CMC) joint is per-
formed. In general, the fifth finger is treated less
aggressively than the thumb because of the com-
paratively lower demand on this digit and the rela-
tively easier salvage procedure than a thumb CMC
fusion.

Metacarpal Shaft Fractures

Patients with metacarpal fractures should be exam-
ined for positional deformities. The examination
must be performed by actively (not passively)
forming a fist of all four digits to give an accurate
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Figure 2 • Anteroposterior (A) and lateral (B) views of a perilunate dislocation. On the anteroposterior view, the lunate has a
triangular rather than a trapezoidal shape, and there is no clear interval between the scaphoid and lunate. Because no fractures
are seen, this injury is often missed, and the unusual appearance of the torn scapholunate ligament is passed off as a “rotated
film.” On the lateral view, the lunate is seen out of its articular facet and has a “empty teacup” appearance. Anteroposterior (C)
and lateral (D) posttreatment views of the same patient as in (A) and (B). A bone anchor with K-wire fixation was used to repair
the avulsed scapholunate ligament.
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assessment of fracture rotation. Rotation of the frac-
ture fragments causing scissoring of the digits is one
of the clearest indications for operative reduction
and fixation. Other operative indications become
more difficult to delineate. Gross displacement is an
indication for surgery because the fracture frag-
ments should overlap cortical surfaces by 50%.
Metacarpal fractures tend to angulate apex dorsally.
The more proximal the fracture and the greater the
apex dorsal angulation, the further the metacarpal
head will be directed into the palm. The index and
middle fingers tolerate less angulation than the ring
and fifth fingers because of the increased mobility of
the ulnar CMC joints. Reduction is indicated for
greater than 10- to 20-degree angulation of the
index and middle fingers and for 30- to 40-degree
angulation of the ulnar two digits. If the reductions
cannot be held in a splint, fixation is indicated. Mul-
tiple metacarpal fractures are another indication for
operative intervention because the adjacent digit is
no longer sufficiently stable to provide stabilization
of the distal fracture fragment via the deep trans-
verse metacarpal ligament. Fractures with butterfly
fragments are inherently more unstable than two-
part fractures and tend to have greater motion
between fragments. The greater motion leads to
slower healing time, a longer period before clinical
union, and therefore delayed resumption of active
motion. Oblique fractures tend to be more unstable
than transverse fractures and have a greater ten-
dency for fracture rotation. Shortening of the
metacarpal more than 4 mm may lead to extensor
lag in the digit because of relative laxity of the
extensor mechanism. Despite all of the relative indi-
cations for operative reduction and fixation, most
metacarpal fractures heal with splinting for 3 weeks
and resumption of early active motion when pain-
free palpation at the fracture site (clinical union)
has been achieved.

Patients often make their first office visit by 1
week after the initial injury. Radiographs are
repeated, and if acceptable, a new plaster forearm-
based splint is fashioned with the MP joints at 70
degrees to stretch the MP collateral ligaments and
take tension off the intrinsics. No special effort is
made to immobilize the interphalangeal (IP) joints
with the splint. The following week (week 2), the
splint is redone and finger rotation rechecked both
clinically and radiographically. At week 3 or 4,
depending on the inherent stability of the fracture,
the plaster splint is switched to a removable alu-
minum splint held on the hand with an elastic
bandage, and the patient can remove the splint 
as often as desired to actively open and close the
fingers without resistance. By 6 to 8 weeks after
injury, all restrictions are removed from the patient,
and therapy is instituted if required. Alternatively,
for nondisplaced fractures, patients can move
directly to an aluminum splint (or a custom-
fashioned Orthoplast forearm-based splint) held in
place with an elastic bandage, and this splint can 

be removed several times a day to perform gentle
active unresisted motion.

TREATMENT OPTIONS AND SURGICAL DECISION
MAKING. Options for fixation of metacarpal shaft
fractures include K-wires, intraosseous wiring, lag
screw fixation, and plate and screw fixation.
Although all of these options can provide adequate
fixation, they also create scar with an increased
chance for tendon adhesion, infection, and possible
need for secondary surgery to remove the hardware.
K-wires are a quick means to reduce and stabilize
otherwise unacceptable fracture patterns. When
placed percutaneously, there is minimal additional
soft tissue trauma or scarring. The pins are remov-
able as an office procedure, and no hardware
remains after fracture treatment. However, K-wires
do not provide as adequate stabilization for early
active motion as other fixation techniques such as
lag screws or plates. The bone fixation methods
allow early active motion because of their stability
against torsion and bending. The improved fracture
stability is at the price of greater soft tissue dissec-
tion and scar formation.

In general, unstable transverse fractures do well
with closed reduction and the introduction of K-
wires just lateral to the metacarpal head in the area
of the collateral ligament to cross the fracture site.
Two 0.045-inch K-wires stabilize the fracture either
by cortical purchase or by an intramedullary span-
ning device. One should continually check for rota-
tional deformity by flexing the fingers into the palm.
When it is difficult to place a K-wire in this manner,
a salvage technique is to introduce the K-wire
through the extensor mechanism at the level of the
knuckle prominence into the metacarpal head and
directly up the shaft of the metacarpal into the prox-
imal fragment. However, this technique precludes
early motion because of entrapment of the extensor
mechanism.

Unstable oblique midshaft fractures with a frac-
ture length at least two times the bone diameter can
be treated with lag screws (Fig. 3), and greater frac-
ture obliquity allows more room for screw place-
ment. Four steps are necessary for this procedure.
The fracture must be found (step 1), it must be
reduced (step 2), and, most important, the fracture
must be temporarily held in its new reduced posi-
tion (step 3). Special bone clamps of varying shapes
and sizes must be available to hold the fracture frag-
ments in position while reduction of the fracture is
checked radiographically and clinically. The fingers
must be flexed into the palm to assess for rotational
deformity. When satisfactory reduction is ascer-
tained, the fracture can be fixed (step 4). In place-
ment of a lag screw, the near cortex is overdrilled so
that only the far cortex screw threads have pur-
chase. The fracture line is compressed between the
screw threads in the far cortex and the screw head
against the near cortex. To prevent bone fracturing,
the screw holes should be placed two screw diame-
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Figure 3 • Anteroposterior (A) and oblique (B) views of fourth and fifth finger oblique fractures of the metacarpal shafts. Apex dorsal
angulation and significant instability are apparent on examination. C, Lag screw fixation of each fracture with three separate 
2.0-mm screws.



ters from the fracture line. Two to three 2.0- or 2.7-
mm screws are sufficient for holding the fracture.
Lag screw fixation requires less soft tissue dissec-
tion than plate and screw fixation, and less hard-
ware is exposed. As a result, there are fewer
problems than with plate and screw fixation, includ-
ing decreased tendon adhesion and hardware irrita-
tion. Plate and screw fixation is more appropriate
when there is bone loss from severe comminution or
when the fracture geometry is more transverse and
does not allow placement of lag screws (Fig. 4). Soft
tissue coverage of the plate is also a requirement,
and strategies for local or distant flaps must accom-
pany the plan for bony fixation in patients with asso-
ciated soft tissue trauma.

Metacarpal Neck Fractures

The most common metacarpal neck fracture is the
extraarticular “boxer’s” fracture of the fifth finger.
The fracture is apex dorsal, and the amount of angu-
lation is assessed on a lateral film. Fractures angu-
lated more than 40 degrees and seen within a few
days of injury should have an attempt made at
closed reduction with the Jahss maneuver. After a
metacarpal or wrist block, the MP joint is flexed to
90 degrees to tighten the collateral ligaments
around the metacarpal head. A reduction force
applied to the proximal phalanx is effectively trans-
mitted to the metacarpal head to reduce the
metacarpal neck fracture. A forearm-based ulnar
gutter splint is applied with the MP joint flexed and
the IP joints straight for 3 weeks, at which time
active motion can begin (Fig. 5).

Persistent apex dorsal angulation greater than 40
degrees can result in secondary deformities and
functional problems. Loss of prominence of the
metacarpal head along with hyperextension at the
CMC joint brings the metacarpal head out of 
the palm. The intrinsics are functionally lengthened
by the shortened distance to the proximal inter-
phalangeal (PIP) joint, and therefore PIP extension
is limited. The problems with an angulated
metacarpal neck fracture must be balanced against
the tissue injury and stiffness from operative inter-
vention. Some surgeons, including the author, toler-
ate 60 to 70 degrees of apex dorsal angulation for
the fifth finger, although much less for digits 2 to 4.
Most patients do not complain of metacarpal “head-
in-palm” or pseudoclaw deformity, but some are
bothered by stiffness after operative intervention.

Metacarpophalangeal Joint Dislocation

The majority of MP dislocations occur in a dorsal
direction with the metacarpal head volarly dis-
placed. The injuries occur as a result of hyper-
extension of the proximal phalanx. The index finger
is the digit most frequently affected, followed by the
fifth finger. Unlike the more common PIP disloca-
tion, the volar plate remains attached to the distal

bone. It is torn from its proximal loose membranous
attachments to the metacarpal neck and remains
attached to its distal insertion on the volar lip of the
proximal phalanx.

MP joint dislocations can be of two types, depend-
ing on the position of this volar plate. In incomplete
dislocations, the proximal phalanx is extended but
is still in contact with the most dorsal portion of the
articular surface of the metacarpal head. The joint
space is not widened, and the proximal aspect of the
volar plate is still oriented toward the palm. Incom-
plete dislocations can be reduced after obtaining
adequate analgesia, extending the MP joint to 90
degrees, relaxing the flexor tendons with wrist
flexion, and applying gentle dorsal pressure onto the
base of the proximal phalanx. The idea is to slide the
volar plate (which is oriented in the proper direc-
tion) back into position. This maneuver runs the risk
of converting an incomplete to a complete disloca-
tion, and the patient and surgeon must be prepared
for open reduction if such conversion occurs.

Complete or complex MP dislocations have a
widened joint space as a result of interposition of 
the volar plate between the articular surfaces. The
metacarpal head travels through the area of the torn
volar plate, and the head is resting volarly under the
skin. For the index finger, the metacarpal neck is
tightly flanked on its radial side by the lumbrical
muscle and on its ulnar side by the flexor tendons.
For the fifth finger, the tendons are radial, and the
abductor digiti minimi is ulnar. Attempts at closed
reduction are unsuccessful because of interposition
of the volar plate. Additionally, distraction of the MP
joint to help dislodge and replace the volar plate
simultaneously tightens the tendon noose around
the metacarpal neck. Treatment is by relaxation of
the noose around the metacarpal neck in the oper-
ating room. A dorsal approach is typically used.
While protecting the extensor tendon mechanism,
the displaced volar plate is identified and divided 
longitudinally to allow the metacarpal head to be
reduced through this division. Alternatively, a volar
incision with release of the A1 pulley allows the
flexor tendons to be retracted from the metacarpal
neck, loosens the noose, and permits reduction of the
metacarpal head. Volar approaches have a higher
incidence of neurovascular injury than the dorsal
approach. After reduction, the MP joint tends to be
stable, and immediate active motion can usually be
initiated.

Thumb Metacarpophalangeal Joint
Dislocations and Fractures (Skier’s
Thumb)

When compared with finger MP dislocations, injury
to the thumb MP joint is common because of its 
relatively unprotected position. Forced thumb radial
deviation during falls can tear the thumb MP ulnar
collateral ligament. Patients typically describe the
injury clearly and have point tenderness and
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Figure 4 • Anteroposterior (A) and oblique (B) views of fourth and fifth finger transverse fractures of the metacarpal
shafts. There is no significant obliquity of the fracture lines to allow for placement of lag screws. C, Plate fixation of each
fracture with a 2.0-mm miniplate.
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swelling on the ulnar side of the MP joint. Radi-
ographs may or may not show an articular fracture
of the base of the proximal phalanx.

The diagnostic physical examination is aided by
median nerve block. Both in full extension and in 45
degrees of flexion, the ability of the thumb to resist
radial deviation is tested and compared with that of
the opposite hand. Although the numbers vary,
opening up of more than 40 degrees total or opening
of more than 15 degrees than the opposite side
denotes total rupture of the ulnar collateral liga-
ment rather than a partial tear. The “lack of an end-
point” to radial deviation is a finding that one gains
with experience on examination and is also an indi-
cation of a complete tear. When the patient is well
anesthetized, one should palpate firmly for the
classic Stener lesion just proximal to the metacarpal
head on the ulnar side of the thumb. A Stener lesion
consists of avulsion of the displaced end of the col-
lateral ligament off the proximal phalanx to a posi-
tion superficial to the adductor aponeurosis. The
interposition of the adductor aponeurosis precludes
successful healing with closed treatment.

Radial abduction forces directed to the thumb
also cause intraarticular fractures of the ulnar base
of the proximal phalanx (i.e., skier’s fractures).
Rather than a rupture of the ulnar collateral liga-
ment off the proximal phalanx, the fractured bone
remains attached to the collateral ligament. If one

sees the fracture well aligned, the collateral liga-
ment is in its proper position, deep to the adductor
aponeurosis and adjacent to the joint. Forceful phys-
ical examination in patients with skier’s fractures
can displace the fragment and should therefore be
done under fluoroscopic visualization.

TREATMENT OPTIONS AND SURGICAL DECISION
MAKING. Patients with partial tears indicated by
less than 30 degrees of laxity or a solid endpoint 
on physical examination have some component of
their ligament intact and can therefore be treated
with a thumb spica cast for 1 month, followed by
splinting in a removable Orthoplast splint until
there is minimal pain and no instability with radial
abduction. Similarly, patients with fractures in
which the joint surfaces line up well are treated for
1 month in a cast and 1 month in a removable splint.
The IP joint is left free to allow active IP joint
motion.

When total rupture of the collateral ligament is
diagnosed, it is difficult to ascertain the position of
the collateral ligament. Therefore, the most effective
and reproducible solution is operative repair. A
curved incision is made on the ulnar side of the joint,
with care taken to isolate and protect the radial
nerve branches. The adductor aponeurosis is divided
and nylon sutures are used to tag the ends for later
reapproximation. The collateral ligament is rein-

A B

Figure 5 • A, Fifth metacarpal “boxer’s fracture,” oblique view, before reduction. B, Fifth metacarpal “boxer’s fracture,” oblique
view, after the Jahss maneuver (closed reduction).
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serted at the ulnar side of the proximal phalanx
with bone suture anchors. Although less common,
proximal and midsubstance tears of the ligament
can occur. Midsubstance tears can be repaired
directly. Proximal tears can be repaired with suture
anchors placed into the metacarpal head. In tears in
all locations, sutures should also be placed between
the collateral and the ulnar side of the volar plate
to ensure proper positioning. The dorsal joint
capsule is then reapproximated to prevent volar
subluxation. Finally, if there is any question regard-
ing the quality of the repair or the reliability of the
patient, the repair can be protected with a 0.045-
inch transarticular K-wire.

When a small bone fragment is present, it can
simply be excised if it interferes with the passage of
sutures. Larger fractures change the surgical deci-
sion making away from ensuring joint stability to
preserving articular congruity. A fracture that
encompasses more than 20% of the articular surface
with more than 1 mm of displacement is an indica-
tion for open reduction and internal fixation. Reduc-
tion and fixation of the fracture simultaneously
restore joint collateral ligament stability.

A few patients have equivocal physical examina-
tion findings. These patients are given the choice
between a repeat physical examination in 1 week or
additional radiology tests (such as ultrasound or
MRI) to see the position of the collateral ligament
relative to the adductor. Alternatively, they can
undergo surgical exploration and repair.

Proximal Phalanx Fractures

Intraarticular Base Fractures

Analogous to a skier’s fracture, intraarticular frac-
tures are the result of abduction injuries to the
fingers. The collateral ligaments avulse a fragment
of bone and articular cartilage off the base of the
proximal phalanx. When the fragment involves
more than 20% of the articular surface, anatomic
alignment of the fracture must be achieved for an
optimal outcome. Fixation of the fracture fragment
is difficult because of the tight confines between the
metacarpal heads. One strategy is to predrill a
0.035-inch K-wire obliquely into the shaft of the
proximal phalanx, reduce the fracture under direct
vision, and drive the K-wire into the fragment. For
larger fragments, screws and intraosseous wires can
be used. The MP joints are splinted in full flexion
for 4 weeks, at which point the pins are removed and
active motion exercises begun. Buddy taping to the
adjacent finger helps to protect against a repeat
abduction injury to the digit.

Shaft Fractures

Phalangeal shaft fractures do well if active range-
of-motion exercises can be started within 3 to 4

weeks of the initial injury. Nondisplaced fractures
simply need to be protected for several weeks in a
hand-based aluminum splint, with the patient
removing the splint to perform nonresisted motion
several times a day. Minimal displacement in a 
fracture without any clinical finger rotation can be
treated by a forearm-based plaster splint with the
MP joints at 70 degrees and the IP joints in exten-
sion. Patients are examined weekly for changes in
alignment. At 3 weeks, the plaster splint is switched
to an aluminum splint with active nonresisted
motion. Fractures requiring emergency room reduc-
tion and fractures with an unstable geometry such
as comminuted fractures and oblique fractures need
even closer follow-up and careful splinting to ensure
proper healing and to avoid malunion.

More problematic fractures are those that are
unstable, often comminuted, with significant apex
volar angulation. The angulation is caused by strong
palmar pull on the proximal fragment by the
interosseous muscles. If the apparent instability of
the fracture is such that it will take longer than 4
weeks to begin motion, operative intervention
should be considered. Other indications for surgery
include an inability to control finger rotation, long
oblique fractures, open fractures, and other associ-
ated finger injuries in need of repair.

Surgical options for reduction and fixation depend
on fracture geometry, bone comminution, status of
the soft tissues, and surgeon preference. The four
steps in operative treatment of any fracture are to
identify the fracture, reduce the fracture, temporar-
ily hold the fracture to check finger alignment 
and bone reduction, and fix the fracture. For ease 
of setup and minimization of soft tissue trauma, 
percutaneous K-wire fixation is the preferred
method, although one must accept less than rigid
fixation (Fig. 6). Reduction of the fracture is
achieved with longitudinal traction and digit flexion.
The reduction is held with percutaneously placed
bone clamps or, even more simply, by maintaining
traction during pin insertion. Pins are placed
through the phalangeal base near the collateral 
ligaments across the fracture line to rest either in
an intramedullary position or across the opposite
cortex. Patients are kept in a forearm-based splint
until the pins are removed at 4 weeks, at which
point unresisted active motion is begun. Gentle
assisted PIP motion with stabilization of the prox-
imal phalanx can be initiated before K-wire
removal.

Intraosseous wires, K-wires, or some combination
may be used for fractures that cannot be reduced
and fixed percutaneously. The price for improved
exposure and a more anatomic reduction is
increased soft tissue swelling and scar formation.
Dorsal incisions are preferred, and the extensor
tendon mechanism is either split or retracted for
fracture exposure. K-wires have great versatility for
nearly every fracture pattern and do not require
extensive soft tissue dissection for placement. They
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are low profile and facilitate soft tissue closure.
Because they are removed percutaneously, no
foreign body is left in the digit.

Lag compression screws in the digits provide
more rigidity than K-wires do for long oblique frac-
tures. After the fracture has been identified,
reduced, and held, the screws are introduced after
overdrilling the near cortex. Lag screws require
more soft tissue dissection than K-wires. Two and
preferably three screws are required for rigid fixa-
tion. Screw fixation is technically challenging
because of the small working area, the difficulty in
temporarily holding the fracture reduction during
screw placement, and the tendency for the bone to
crack if the fracture line is approached by the
screws. Lag screws (either 1.5 or 2.0 mm) are more
rigid than K-wires and thus allow immediate active
range of motion. The screws are low profile and gen-
erally do not require later removal. Similar to other
means of fixation, the PIP joints should be splinted
in extension to prevent PIP flexion contracture and
extensor tendon lag. Finally, plate and screw fixa-
tion requires the most soft tissue dissection, is the
highest-profile construct, and often needs to be
removed at a later time. Plate and screw fixation is
associated with some of the highest complication

rates; however, it is generally used in the most chal-
lenging situations when other more simple methods
are insufficient.

Phalangeal Condylar Fractures

Condylar fractures are inherently unstable intra-
articular fractures. In keeping with what has been
said previously, nondisplaced fractures can be care-
fully observed, with unresisted motion initiated at 3
weeks. Most of these fractures, however, have some
degree of displacement. Displacement greater than
1 to 2 mm requires reduction and fixation. Unfortu-
nately, many of the fractures are impacted and
resist attempts at closed reduction.

The fractures are opened, when necessary,
through either a dorsal or midlateral approach. Dor-
sally, the PIP joint can be opened and the articular
surface visualized directly between the central slip
and one of the lateral bands. In the midlateral
approach, the fracture is disimpacted from the
lateral cortex, and the effectiveness of the reduction
is confirmed fluoroscopically. Fixation is maintained
with either K-wires or 1.5-mm screws. The key to a
satisfactory result is anatomic reduction and stable
fixation to allow early active motion. The patient

A B

Figure 6 • A, Anteroposterior view of a ring finger proximal phalanx transverse fracture. B, Anteroposterior view of the finger
in A after closed reduction and percutaneous K-wire fixation.
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should expect to undergo a lengthy course of post-
operative therapy to regain full PIP movement, and
occasionally tenolysis is necessary.

Proximal Interphalangeal Dorsal
Dislocations

Dorsal PIP dislocations are very common. Patients
complain of a recent “jammed” finger or question
why the PIP joint continues to be swollen and
painful months after injury. Frequently, patients
arrive in the office with their finger splinted for
weeks because of a small volar chip fracture off the
base of the middle phalanx.

The PIP joint is best thought of as a box with six
sides. The top of the box is the central slip, the sides
of the box are the collateral and accessory collateral
ligaments, and the front and back of the box are the
two articular surfaces. For a dorsal dislocation to
occur, the base of the middle phalanx must be torn
from its attachment to the volar plate (which
remains in its proper position). A fracture, typically
small and inconsequential, may occur in the base of
the middle phalanx. Tears occur within the sub-
stance of the collateral ligaments bilaterally and
allow the middle phalanx to dislocate out of its
normal position onto the dorsal surface of the prox-
imal phalanx. Often, one of the collateral ligaments
tears more than the other and thus leads to angu-
lation of the finger. These common dislocations are
in contrast to the much rarer volar PIP dislocation,
which represents an injury to the central slip. After
closed reduction, volar dislocations should be
treated much like an acute boutonnière injury.

The initial treatment of dorsal dislocations is to
reduce the dislocation, obtain radiographs, and
assess the joint for stability with range-of-motion
exercises. PIP joints are reduced in the emergency
room with a digital block, longitudinal traction, and
pressure applied to the dorsum of the middle
phalanx. Radiographs are obtained to ensure that
the joint is indeed reduced and to examine the
middle phalanx for fractures. The patient is placed
in an aluminum splint for a few days for comfort and
subsequently seen in the office.

The most critical aspect in management of these
injuries in the office is obtaining and maintaining a
concentric reduction while allowing early active
range of motion. If on range of motion the middle
phalanx stays seated on the head of the proximal
phalanx, the patient can begin range-of-motion exer-
cises with the finger buddy-taped to the adjacent
digit. To counteract the tendency for PIP flexion con-
tracture, the digit should be splinted in full exten-
sion at night. The patient is seen at 2 weeks, and if
80 degrees of PIP motion is present, a final check
can be scheduled 2 to 3 weeks later. If the patient
has either a PIP flexion contracture or less than 70
degrees of total motion, therapy is begun. The

patient is seen every few weeks until at least 90
degrees of total PIP motion has been achieved.

Occasionally, because of large middle phalanx
fractures, the PIP joint is unstable during range of
motion, with the middle phalanx dislocating 
dorsally. In such cases, the dislocating force must be
neutralized as healing takes place. One simple
method is to splint the finger and prevent full exten-
sion but allow full flexion. Each week, the finger is
allowed to extend 10 to 20 degrees more until full
motion is achieved. A much more complex treatment
is volar plate arthroplasty. The avulsed volar plate
is advanced into the area of damaged articular 
cartilage of the middle phalanx. The volar plate is
secured in position with a combination of internal
sutures and pullout wires. Postoperatively, the
finger is kept from extending and disrupting the
repair. Both the simple solution of extension block
splinting and the much more complex volar plate
arthroplasty run the risk of a postoperative flexion
contracture. Volar plate arthroplasty may also
result in flexor tendon adhesions.

An alternative solution is ligamentotaxis across
the PIP joint with K-wires and rubber bands. The
Agee force-couple is one solution to create a down-
ward force on the middle phalanx to prevent redis-
location. Ligamentotaxis unloads the joint and
assists in realigning the small bone fragments to
create a volar lip of bone for the middle phalanx. The
K-wires can be placed quickly under digital block
anesthesia, and they require no special instrumen-
tation other than an image-intensifying fluoroscopy
unit. No scar tissue is created at the PIP joint, and
the patient can immediately begin active range-of-
motion exercises under the supervision of a hand
therapist. The drawbacks to the device are that it is
prominent on the finger and it runs the risk of
becoming dislodged in a noncompliant patient. After
6 weeks, the K-wires are removed and the patient
continues therapy until an acceptable range of
motion is achieved.

Pearls and Pitfalls

• Most hand injuries heal with splinting and
early active motion.

• Relative and absolute indications for surgical
intervention exist for each of the injuries.

• The goal of surgical intervention is to repair
deformities and assist the patient in resuming
active motion by 3 to 4 weeks after the injury
with a minimum of surgical trauma and risk to
the hand.

• Many treatment alternatives exist for each
injury, and selection depends on multiple
factors, including patient and physician 
preference.
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• The sequence in open reduction and internal
fixation of fractures is to (1) find the fracture,
(2) reduce the fracture, (3) hold the fracture
while checking the reduction clinically and
radiographically, and (4) fix the fracture.
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Hand and finger injuries are one of the most
common reasons for plastic surgeon consultation 
in the operating room. These injuries should be
approached with consideration of the patient’s needs
and desires. In general, hand function is the most
critical consideration, but in some patients, aes-
thetic considerations should not be understated.
This chapter provides a logical approach to hand
and finger amputations and outlines the goals of
reconstruction.

Etiopathogenesis

Hand and finger amputations are most commonly
due to trauma. Crush or avulsion injuries are the
most common mechanisms. With severe crushing or
maceration of tissues, it is unlikely that salvage
options exist. Even with sharp injuries, such as
index tip amputations in a heavy laborer, amputa-
tion is often the most logical solution.

In addition to trauma, other causes of hand and
finger amputations include tumors and vasculitis.
Occasionally, severe contractures or other conditions
that interfere with overall hand function are best
treated with amputations.

Diagnostic Studies

The most important diagnostic tool for hand injuries
is an accurate examination. The experienced hand
surgeon can pinpoint most injuries and pathology by
clinical examination alone. Concomitant injuries to
the hand can exist, and they should be fully
explored. A complete history, including the mecha-
nisms of trauma, preinjury function of the hand,
handedness, work and social requirements, along
with patient goals and motivation, must be
obtained.
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Hand radiographs in three views (anteroposte-
rior, lateral, oblique) must be obtained on all injuries,
including dedicated finger views when appropriate.
The hand radiographs will rule out additional frac-
tures or foreign bodies. Occasionally, the wrist
should be evaluated with CT scanning or MRI.

Reconstructive Goals

Regardless of the anatomic level, the primary goals
of amputation include the following:

1 Preservation of functional length
2 Provision of durable coverage
3 Preservation of sensibility
4 Prevention of neuromas
5 Prevention of joint contractures
6 Minimal morbidity
7 Early prosthetic fitting
8 Early return to activities of daily living

A well-planned amputation in the upper extremity
should be considered reconstructive rather than
ablative. Furthermore, the surgeon should strive for
a single definitive procedure so that the need for
amputation revision is minimized.

To accomplish these goals, the surgeon must
understand and take into account the patient’s 
occupation, functional status, and emotional atti-
tude toward the proposed amputation. Amputations
should be deferred in a wavering patient because
clear consent must be obtained.

Amputations of the Fingertip

Treatment

If distal phalangeal bone is exposed, the bone may
be shortened and the soft tissue either primarily
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closed or left to heal by secondary intention. This
can be accomplished with a digital block for anes-
thesia. The digit is exsanguinated with the use of a
Penrose drain, which is wrapped at the base of the
finger as a tourniquet. The tip is irrigated and any
foreign material removed. Digital nerves should be
transected under traction to leave the stumps
within normal tissue. After bony coverage with
viable soft tissue has been achieved via bone short-
ening, the soft tissue may be appropriately tailored.
Primary closure should be performed in a tension-
free manner with absorbable sutures. In cases in
which the skin cannot be reapproximated, the soft
tissue may be allowed to close by secondary inten-
tion, which is acceptable if the open wound is less
than 1 cm2. The wound, examined weekly, will close
within 3 to 4 weeks.

A lacerated nail bed is often encountered and
should be explored. After removal of any damaged
nail, the nail bed is repaired under loupe magnifi-
cation with 6–0 absorbable sutures.

Alternatives

Excessive soft tissue loss may not allow for primary
or secondary methods of closure. Skin graft and flap
procedures have been described to cover these
wounds. In general, skin grafts tend to be less
durable and have poorer sensibility. Pedicled flaps
are preferred.

A number of local flaps have been developed for
coverage of exposed fingertip bone. The Atasoy-
Kleinert V-Y flap includes skin and pulp from the
volar surface of the digit and can be used only if ade-
quate volar tissue is present. The flap extends from
the site of injury to the distal interphalangeal (DIP)
crease and is advanced in V-Y fashion. Full-thick-
ness skin is elevated with care taken to preserve the
digital nerves and vessels laterally. Hypersensitiv-
ity, paresthesias, and cold intolerance have been
reported as complications resulting from the use of
this flap. In oblique injuries, Kutler lateral V-Y flaps
may be used instead. These are laterally based V-Y
flaps advanced around the oblique defect. Similar
complications to those of the Atasoy-Kleinert flap
have been reported.

The cross finger flap uses a laterally based, full-
thickness flap from a neighboring digit. In the stan-
dard technique, dorsal skin is used to provide skin
coverage for a volar tip wound on the adjacent finger.
After débridement of the recipient bed, the flap is
designed with the use of a template such that it
allows easy and comfortable postoperative position-
ing. The two digits must be positioned properly to
prevent torsion of the flap pedicle. Most flaps are
based laterally and raised over the middle phalanx
(Fig. 1). The paratenon of the extensor tendon is pre-
served to allow full-thickness skin grafting. Cleland’s
ligaments may need to be incised to completely mobi-
lize the flap. Twelve to 14 days is sufficient time for
neovascularization before division and inset.

A flap from the thenar pad may also be used for
coverage of index and middle fingertip amputations
with exposed bone (Fig. 2). A proximally based flap
is raised just ulnar to the thumb metacarpopha-
langeal (MCP) skin crease. A “W” design facilitates
partial closure of the donor site. Careful placement
prevents excessive flexion of the proximal interpha-
langeal (PIP) joint, which would lead to postopera-
tive stiffness. After division of the flap in 2 weeks,
the remaining defect can usually be closed primar-
ily. The thenar flap is not as useful for ring and small
finger amputations because these digits do not com-
fortably flex toward the thenar eminence.

Specific Considerations

NEUROMA FORMATION. Exposed or damaged
digital nerves should be transected proximally and
allowed to retract within the wound. Such manage-
ment allows for soft tissue coverage and padding of
the nerve end and decreases the risk for painful
neuroma formation. Care should also be taken to
ensure that the cut end does not lie beneath a skin
crease where it may be subjected to compression
with flexion of the joint. If a neuroma does develop,
it can be treated with a course of desensitization
therapy. If the pain persists, reexploration and more
proximal transection can be performed.

HOOK NAIL DEFORMITY. A hook nail deformity
occurs when the distal phalangeal bone is trimmed
proximally to the nail bed. Care should be taken to
ensure that the nail bed and distal phalanx remain
in the same distal plane. Revision of the nail bed to
the appropriate level corrects this deformity.

PRESERVATION OF THE INSERTION OF THE
FLEXOR AND EXTENSOR TENDONS. Care should
be taken to ensure that skeletal shortening of the
exposed distal phalanx does not disrupt the inser-
tion of the flexor digitorum profundus (FDP) or
extensor slip. If skeletal shortening compromises
the flexor or extensor system of the digit, alterna-
tive procedures for length preservation should be
considered.

BOXY TIP. If fingertip skin is left redundant later-
ally, a ‘boxy tip” deformity may result. Tapering of
the soft tissue at the time of the initial procedure
decreases the need for revision of the amputation
site.

Amputation from the Distal
Interphalangeal Joint to 
the Metacarpophalangeal Joint

Treatment

Amputations through the DIP joint are treated by
skeletal shortening and primary closure. The tech-
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niques are similar to those discussed for tip ampu-
tations. The middle phalanx should be rongeured
and tapered to approximate the shape of the digital
tip. The flexor and extensor tendons should not be
sutured together because such suturing results in
the quadriga effect (discussed later).

Amputations through the middle phalanx are
divided into those distal and those proximal to the
insertion of the flexor digitorum superficialis (FDS).
When an amputation is distal to the FDS insertion,
the remaining middle phalanx may function for
grasping, and attempts should be made to preserve

A

B

C

D

Figure 1 • A, Creation of a template to match the size of the defect. B, Tracing of the template over the middle
phalanx of the adjoining digit. C, Elevation of the flap with preservation of the paratenon. D, Inset of the flap with
skin grafting of the donor site. (From Chase: Atlas of Hand Surgery. Philadelphia, Saunders, 1973.)
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the length of the insertion by the use of local flaps
for soft tissue coverage of exposed bone. If the ampu-
tation is distal, rongeuring and primary or sec-
ondary closure may also be used, again while
ensuring that the FDS tendon remains intact. There
is no need to preserve length when function of the
FDS tendon has been compromised by a more prox-
imal amputation, including amputations from the
level of the middle phalanx to the MCP joint. In
these cases, skeletal shortening and closure serve
only cosmetic functions because the PIP joint has
lost function. Amputations through the PIP joint are
treated similar to those involving the DIP joint in
terms of tapering of the condyles to achieve a more
natural shape.

Alternatives

REPLANTATION. A single-digit amputation proxi-
mal to the FDS insertion is a relative contraindica-
tion to microvascular replantation because of the
likelihood of adhesions involving both the FDS and
FDP tendons. However, single-digit amputations
distal to the FDS insertion may be replanted with
good to excellent range of motion and function.

RECONSTRUCTION. Amputations of the middle
phalanx may require reconstructive procedures to
preserve length (and function) of the PIP joint. Local
flap alternatives discussed for digital tip amputa-
tions may also be applied to the middle phalanx.

Specific Considerations

QUADRIGA SYNDROME. Quadriga is a term
describing tethering of the FDP tendons. It origi-

nally referred to ancient Roman chariots with four
horses driven by a single tethered rein. The FDP
tendons of the middle, ring, and small fingers share
a common proximal muscle. If the FDP tendon in the
amputated digit is tethered to its extensor counter-
part, its excursion will be limited by the extensor
pull. Therefore, full composite flexion (clenched fist)
is not possible if one FDP tendon is tethered.
Quadriga is avoided by transecting the FDP tendon
and allowing it to retract proximally.

LUMBRICAL-PLUS FINGER. An amputation proxi-
mal to the insertion of the FDP tendon may lead to
a “lumbrical-plus” digit. The lumbrical muscle arises
from the FDP and inserts onto the lateral band of
the extensor apparatus. If the distal insertion is
transected, the FDP tendon and its attached lum-
brical muscle begin to migrate proximally. Such
migration places increased tension on the lumbrical
tendon, which extends the PIP joint. When flexion
is attempted in a lumbrical-plus finger, paradoxical
PIP joint extension results because the force is
transmitted via the lumbrical to the lateral band 
of the extensor tendon. This deformity may be
addressed by detaching the connection between the
lumbrical and the lateral band.

Amputation of the Thumb

All possible efforts are made to replant or revascu-
larize a severely injured thumb; however, with
unsalvageable injuries, completion amputation may
be performed. Congenital anomalies and some types
of tumors may also require amputation of the

Figure 2 • Thenar crease flap. A, A modified thenar flap is radially based
and elevated from the metacarpophalangeal joint flexion crease of the
thumb. B, The donor site is closed primarily by flexing the thumb. C, The 
fingertip is flexed into the flap. (From McCarthy JG [ed]: Plastic Surgery.
Philadelphia, WB Saunders, 1990.)
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thumb. Preservation of thumb length is critical and
should be considered before thumb amputation.

Treatment

Distal thumb amputations, or those between the tip
and the interphalangeal (IP) joint, leave the patient
with sufficient length for acceptable function. There-
fore, skeletal shortening with primary or secondary
closure may be used, and the principles and tech-
niques follow those previously discussed. With more
proximal amputations, skeletal shortening to gain
soft tissue coverage should be performed only when
the alternatives have been exhausted. At all levels
of injury, it is likely that the patient will wish some
sort of reconstructive surgery to provide additional
length, improve aesthetics, allow greater sensibility,
or improve function (or any combination of these
goals).

Alternatives

A myriad of procedures have been developed in an
attempt to reconstruct the thumb after amputation.
Microsurgical techniques allow for replantation at
the time of injury and provide reliable soft tissue
and bony reconstruction of the injured thumb. These
techniques have replaced many of the pedicled flap
procedures for the injured thumb. However, several
reliable methods are available when microsurgery is
not an option. In these instances, the surgical
approach to the injured thumb is based on the level
of thumb loss: the distal, middle, and proximal
zones.

The distal third of the thumb is the zone between
the tip and the IP joint. Functional impairment after
amputation in this zone is minimal; therefore,
lengthening procedures are not generally required.
These injuries are often treated in a fashion similar
to digital tip amputations. Reliable soft tissue 
coverage can generally be achieved by means of
primary or secondary closure, as well as split-
thickness skin grafting. Local skin flaps, including
V-Y advancement flaps and the volar advancement
flap, have also been advocated. The volar advance-
ment flap is especially suited to the thumb. Injuries
involving less than 2.5 cm of volar soft tissue can be
reliably covered with this local flap. Flap necrosis
and flexion contracture are not as commonly seen in
the thumb as in the digits. With more extensive soft
tissue loss, distant flaps from the hand, including
cross finger flaps, radial sensory innervated cross
finger flaps, axial flag flaps, and neurovascular
island pedicle flaps, may be used to preserve 
some amount of sensation to the volar skin of the
thumb.

Amputations through the middle zone of the
thumb include those between the IP joint and the
MCP joint. For purposes of reconstruction, they may
be further subdivided into proximal, middle, and
distal third amputations. Amputations occurring

distally on the proximal phalanx retain sufficient
bony support for reasonable thumb function. The
guiding principle in reconstruction of these injuries
is “relative” lengthening of the first metacarpal and
remaining proximal phalanx. Such lengthening is
achieved by deepening the first web space to
increase the thumb-index interval and thus pre-
serve the functions of pinch and grip. Lengthening
is most easily achieved with a four-flap Z-plasty of
the first web space (Fig. 3). A number of other tech-
niques have been described, including the use of
dorsal hand rotational flaps, radial forearm flaps,
and other distant flaps to increase the first web
space.

Once amputation reaches the middle third of the
thumb (MCP joint), bone length is not sufficient for
adequate thumb function. In these cases, lengthen-
ing procedures are absolutely indicated because
amputation will have a severe effect on postinjury
function. Up to 2 cm of bone and soft tissue must be
provided to achieve acceptable results. Several
sources of bone and soft tissue have been used:
osteocutaneous free tissue transfer, transfer of 
concomitantly damaged digits (pollicization), 
and metacarpal lengthening by means of osteo-
distraction.

Amputation of the proximal third (zone) of the
thumb is essentially total thumb loss. In these cases,
4 to 8 cm of bone and soft tissue is required to
restore adequate function. These injuries have been
treated by pollicization of an entire healthy digit,
with the index finger most commonly used, and
other techniques such as osteoplastic thumb recon-
struction and microvascular transfer of the great or
second toe.

A
B C

D

C

A
D
B

Figure 3 • Application of the four-flap technique for a con-
tracted web space in the hand. Left, Design of the four-flap Z-
plasty. Right, After transfer of the flaps. (After Woolf and
Broadbent; from McCarthy JG [ed]: Plastic Surgery. Philadel-
phia, Saunders, 1990.)
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Specific Considerations

MAINTENANCE OF AN ADEQUATE FIRST WEB
SPACE. Maintenance of the first web space is criti-
cal for allowing free motion of the remaining thumb
around the carpometacarpal joint. The four-flap Z-
plasty is excellent for releasing the thumb–index
finger web space. In addition, significant lengthen-
ing is required to release the adduction contracture.
Indications include a scarred first web space in
which shortness of the thumb amputation stump can
be compensated for by deepening the first web space.

In this technique, the skin is marked along the
edge of the web. Lines are drawn perpendicular 
(90 degrees) to this first line. Thereafter, the 90-
degree lines are bisected to make a total of four 45-
degree flaps. Each line drawn is of equal length. The
four flaps, marked sequentially A, B, C, and D, fall
into the configuration C, A, D, B after mobilization
and transposition (see Fig. 3).

Ray Amputation

Ray amputations may be performed to remove a
functionless digit, thereby closing the gap between
the remaining fingers. Furthermore, some infections
and tumors may require ray amputation to eradi-
cate the infection or excise the tumor with adequate
margins.

Treatment

An index ray amputation is performed by making a
circumferential incision around the remaining prox-
imal phalanx. The incision is carried proximally
along the dorsal aspect of the second metacarpal to
the level of the metacarpal head, with skin inten-
tionally left over the proximal phalanx to avoid a
postoperative web contracture. The extensor digito-
rum communis and extensor indicis proprius
tendons are transected. The metacarpal is tran-
sected distal to the proximal metaphysis and ele-
vated. The first dorsal interosseous and lumbrical
muscles to the radial side of the index finger are sec-
tioned at their insertion points. The neurovascular
bundles are identified and the vessels ligated. The
digital nerves are dissected, transected distally, and
tagged for later translocation. The flexor tendons
are transected and allowed to retract. The first
palmar interosseous muscle is transected along with
the remaining attachments, including the volar
plate and preosseous bands of the palmar fascia.
The digital nerves are translocated between the first
and second dorsal interosseous muscles. Care
should be taken to avoid excessive mobilization of
the radial digital nerve because of the potential for
postoperative hyperesthesia.

Two accepted methods can be used for ray ampu-
tation of the long finger, both of which aim to close

the space that results between the index and ring
finger after long finger amputation. To accomplish
this goal, the index finger metacarpal can be trans-
posed to the long finger metacarpal. There is,
however, a risk of nonunion at the osteotomy site.
Alternatively, the deep intervolar plate ligaments
between the remaining index and ring fingers can
be coapted, thereby closing the potential space.

Both techniques for long finger ray amputation
resemble that for amputation of the index finger ray.
With transposition, after removal of the long finger
ray, an osteotomy of the index finger metacarpal is
performed at the metaphyseal flare. The index
metacarpal is transposed to the base of the long
finger metacarpal and transfixed with either K-wire
or miniplate fixation. Immobilization may be
required for approximately 4 weeks or until clinical
or radiographic evidence of healing is apparent. In
the alternative method, the deep intervolar plate 
ligaments are sutured to one another distally, and a
transverse K-wire is used between the index and
ring finger metacarpals to maintain alignment.
Postoperative immobilization is also required for
several weeks.

Ring finger ray amputation follows principles
similar to those outlined for long finger ray ampu-
tation. Either transposition of the fifth finger
metacarpal or direct closure of the deep intervolar
plate ligaments can be performed. Fifth metacarpal
transposition uses the same general technique as
index finger transposition. However, direct closure
of the deep intervolar plate ligaments has signifi-
cant advantages. The ring and fifth fingers share a
common attachment to the hamate, which allows 15
to 30 degrees of mobility at their bases. In addition,
the ring finger metacarpal does not have tendinous
attachments to the hamate as do the other
metacarpals to their respective carpal bones. There-
fore, the entire ring finger metacarpal may be ampu-
tated to allow further mobility of the fifth finger
metacarpal with direct closure of the deep intervolar
plate ligaments. Postoperative immobilization for
both methods is similar to that after ring
metacarpal amputation.

Fifth ray amputation is similar to that of the
index finger. The proximal fifth metacarpal base
must always be left intact, if possible, because it is
the site of attachment of the extensor carpi ulnaris
tendon. The technique follows that previously
described for the index finger, with care taken 
to leave the hypothenar muscles intact for soft 
tissue coverage. Of all of the ray amputations, the
cosmetic result of fifth ray amputation is the most
acceptable.

Alternatives

PROSTHESES. Prostheses are available for proxi-
mal finger amputations. They may be customized to
fit any type of amputation stump. Color match and
overall appearance are excellent, and camouflaging
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the appearance of an amputated finger may be of
considerable emotional benefit.

Specific Considerations

LOSS OF GRIP STRENGTH. Most ray amputations
are electively performed after the functional deficits
have been identified and possible alternatives
exhausted. A very proximal amputation of the ring
or middle finger produces a large defect through
which small objects may fall. As such, closure of this
“gap” improves the overall functional status of the
hand. An index finger proximal phalanx amputation
sufficiently shortens the digit so that the long finger
becomes preferred for thumb pinch activities. The
remaining index digit acts as a physical impediment
between the thumb and long finger. Removal of the
index ray serves to heighten thumb pinch function
in the injured hand. However, ray amputation leads
to significant loss of strength in the remaining
digits. The overall functional status, occupation, and
emotional state of the patient will therefore weigh
heavily in the decision-making process.

Amputation through the Carpus

Severe mutilating injuries of the hand may require
amputation through the carpus. Large, invasive
tumors, severe necrotizing infections, or fungal
infections in immunocompromised patients may
also necessitate amputation at the level of the
carpus.

Treatment

With radiocarpal disarticulation, salvage of the
distal radioulnar joint allows for supination and
pronation of the distal end of the extremity. Palmar
and dorsal flaps are raised distal to the carpus, with
as much skin as possible salvaged for closure. The
superficial branch of the radial nerve, the median
and ulnar nerves, and the dorsal sensory branch of
the ulnar nerve should be identified and transected
proximally to prevent symptomatic neuroma. The
radial and ulnar arteries are suture ligated. All
flexor and extensor tendons are divided and allowed
to retract into the wound. The radiocarpal joint is
entered from the dorsal side, and all ligamentous
attachments are divided. Alternatively, the radial,
ulnar, and median nerves can be transected proxi-
mally in the forearm. The nerves can be buried
between the muscle bellies, thereby decreasing the
likelihood of symptomatic neuroma.

Alternatives

KRUKENBERG’S OPERATION. A procedure first
described by Krukenberg in 1917 converts a distal
forearm stump into radial and ulnar rays. These

rays, powered by the pronator teres, may be used as
opposing forces for grasping activities. The indica-
tions for this procedure are controversial and 
generally include bilateral upper extremity ampu-
tations in the blind and juvenile patient population.

Specific Considerations

Patients cannot perform grip or pinch activities
after amputation at the carpus. However, sensate
skin and wrist pronation and supination at the
distal radioulnar joint usually remain intact. These
actions allow for some function of the amputated
stump. Conversely, more proximal amputations
facilitate prosthetic fitting. Generally, at the time of
injury, patients are not capable of making decisions
regarding this issue. The surgeon should make
every effort to salvage as much viable tissue as pos-
sible. After healing has occurred, the various options
may be presented to the patient and an informed
decision made regarding future surgery and the use
of prosthetic devices. Preinjury function, age, occu-
pation, and the emotional state of the patient need
to be addressed before any definitive treatment is
performed.

Previously, patients with proximal amputations
of the hand were treated with long below-elbow
amputation to allow for prosthetic fitting. However,
recent advances in prosthetic manufacturing have
made wrist disarticulation an acceptable treatment.

Prostheses

Despite advances in reconstructive microsurgery for
complex hand problems, the need for prostheses
remains. Prosthetic technology has undergone a 
revolution in terms of new materials, life-like 
coloration, and motorized parts. These prosthetic
devices can serve a specific, often single function for
the patient. The individual needs of each patient
must be evaluated before the choice of a prosthesis
is made. Patients with similar anatomic defects can
often have different goals and expectations, and the
prosthesis should be tailored accordingly.

Prostheses for the hand and digits may be cate-
gorized into two broad groups: active and passive.
An active prosthesis extends the injured limb and
acts as a clamping device. Each type of active pros-
thesis is capable of performing a specific, limited
type of task. No active prosthesis meets all the needs
of the patient, and therefore multiple terminals
must be used to gain a wide variety of functions.
Active prostheses may be further divided into body
powered versus externally powered. A body-powered
active prosthesis is controlled by a separate body
part, usually the contralateral shoulder. Because
the terminal is connected to the active motion of a
body part, there is sensory feedback to the central
nervous system, thereby improving effectiveness.
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Externally powered prostheses are usually driven
by myoelectric forces in which the action potentials
of remaining muscles are electronically processed
and fed to an electric motor. Without visual guid-
ance, these systems do not allow for sensory feed-
back and subconscious control and are thus less
effective.

Passive prostheses serve both a functional and
cosmetic role for the amputee. They provide a believ-
able camouflage for the patient and may be adjusted
and contoured to hold light objects. Although passive
prostheses have no moving parts, they allow for
apposition against the remaining normal parts. This
is especially true for a partial hand or digit amputee
in which the remaining digits are able to work in
concert with the passive prosthesis. If the prosthe-
sis is fashioned to replicate the size and shape of the
missing parts, sensory feedback pathways may be
relied on to accomplish complex activities.

Pearls and Pitfalls

• Despite advances in microsurgical technique
and free tissue transfer, amputation of the

hand and digits still remains a reliable and safe
treatment alternative.

• A well-performed and appropriate amputa-
tion should be considered a reconstructive
procedure.

• The most important variables remain the
patient’s desires, expectations, and under-
standing of all possible alternatives and 
outcomes.
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As replantation and revascularization have become
more commonplace, preservation of tissue viability
is no longer the sole measure of success. Careful
patient selection and meticulous surgical technique
allow return of an acceptable level of function, which
is now the goal of treatment. Whether to proceed
with replantation of an amputated part is no longer
an issue of technical feasibility, but one of functional
practicality.

Patient Selection

A successful outcome begins with appropriate
patient selection. After taking into account the
mechanism of injury, the location and level of ampu-
tation, and the general health of the patient, the
decision to proceed is made by the surgeon. A
complete history and physical examination of the
patient and the amputated parts is mandatory when
assessing the potential for replantation. The likeli-
hood of a successful functional outcome must exceed
the potential morbidity incurred by prolonged anes-
thesia and the risks associated with anticoagula-
tion. The patient’s age, sex, occupation, and wishes
regarding treatment also influence the decision to
perform replantation.

Before undergoing replantation, the patient should
be informed of the anticipated perioperative and post-
operative course, including the lengthy nature of the
procedure, the potential need for surgical revision,
and the anticipated length of stay in the hospital. 
The patient must be committed to participate in the
months of occupational therapy and undergo the
additional surgery needed to achieve an optimal func-
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tional outcome. In addition, the patient should be
aware that cold sensitivity and stiffness may persist
indefinitely and must be willing to abstain from nico-
tine for at least 6 months after replantation.

Accepted indications for replantation include the
following:

Thumb—All attempts should be made to salvage
the thumb. Even in cases of avulsion, replan-
tation allows preservation of length and sensi-
tivity and therefore achieves a better result
than completion amputation. Despite possible
diminished range of motion at the interpha-
langeal or metacarpophalangeal (MP) joints (or
both), dexterity and appearance are superior
after replantation than after completion of
amputation.

Single digit distal to the insertion of the flexor 
digitorum superficialis (FDS)—Preservation of
the FDS tendon allows return of useful func-
tion after replantation. Although motion is
often limited at the distal interphalangeal
(DIP) joint, it is preserved at the MP and prox-
imal interphalangeal (PIP) joints. Replanta-
tion of digits amputated distal to the DIP joint
is possible if sufficient skin (4 mm) proximal to
the nail bed remains to allow identification of
adequate dorsal veins for anastomosis. Even
when not available, successful replantation
has been accomplished with isolated arterial
revascularization alone. Methods such as
leeches and the application of heparinized
pledgets can be used to manage excess of blood
until venous neovascularization occurs.

Multiple digits—The potential loss of function is
so great with multiple digital amputation that
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replantation of all possible digits should be
attempted. Replantation of an amputated digit
in a different position is possible and gives the
surgeon greater flexibility in restoring the vital
functions of pinch and grip.

Partial hand—It is possible to restore satisfactory
range of motion, grip, and pinch after replan-
tation at the palmar level. Replantation is
more successful with injuries proximal to or at
the level of the superficial or deep palmar arch
than at the level of the origin of the digital
vessels. Preservation of blood supply to the
intrinsic musculature results in a more func-
tional hand than when ischemic fibrosis occurs.

Wrist/forearm—Patients with amputations at
this level are generally good candidates for
replantation. The mechanism of injury fre-
quently involves a sharp blade resulting in a
guillotine-type amputation. Vessels and nerves
are large at this level and easily repaired.
Lengthy therapy is required, but the appear-
ance and function achieved after replantation
of the wrist or forearm exceeds that provided
by a prosthetic.

Pediatric population—Children are candidates
for replantation of all amputated parts. 
Epiphyseal growth is not adversely affected 
by replantation, and children often adapt well
to diminished range of motion. Although anas-
tomosis of the smaller nerves and vessels may
be technically challenging, replantation should
be performed whenever possible and frequently
results in a satisfactory functional outcome.

Elbow/upper part of arm—Replantation of the
upper part of the arm remains controversial.
Although replantation at the elbow or humeral
level may result in limited hand function, it
may be beneficial in allowing conversion of an
above-elbow amputation to a more functional
below-elbow amputation. Note should be made
of the time of injury and careful attention paid
to the ischemic time of the amputated part.
The musculature of the arm and forearm does
not tolerate as long a period of ischemia as the
musculature of the hand.

Absolute contraindications to replantation
include associated life-threatening injuries or sys-
temic illness that renders a long anesthetic a pro-
hibitive risk. Relative contraindications include the
following:

Crush or avulsion mechanism—Sharp amputa-
tions have much higher success rates for
replantation than crushed or avulsed parts. In
such injuries, the zone of vascular injury can
extend proximally and distally well beyond the
level of gross tissue injury. Long segments of
the neurovascular bundle may be visualized
emanating from the amputated part and are
consistent with avulsion. A linear red streak

along the skin overlying the neurovascular
bundle is also indicative of a shear injury of the
underlying vessel.

Multiple-level injury—The extremity proximal to
the amputation and the amputated segment
itself should be examined closely for additional
injuries. Injuries to structures at multiple
levels may impair inflow or outflow despite the
presence of patent anastomoses. Such injuries
may also preclude the restoration of useful
function after replantation.

Injury proximal to the level of insertion of the
FDS—Any single-digit amputation proximal to
the insertion of the FDS tendon (zone 2) should
be considered a poor candidate for replanta-
tion. These patients, even after additional
surgery, often do not regain significant function
after replantation to justify the procedure.

Systemic disease—Patients with diabetes, athero-
sclerosis, and other vasospastic conditions
should be carefully evaluated to determine
their systemic tolerance and the adequacy of
vessels for replantation. Such conditions
increase the technical difficulty of replantation.

Smokers—Smoking should be prohibited after
replantation. The patient must be compliant
with this requirement for replantation. Neither
the patient needing replantation nor the
surgeon performing the operation should under-
estimate the addictive properties of nicotine.

Prolonged warm ischemia time—Fingers are
devoid of muscular tissue and can therefore
survive relatively lengthy periods of ischemia.
Proximal and upper arm amputations must be
reperfused within 6 hours to avoid irreversible
damage to muscle. Prolonged warm ischemia
time or improper preoperative preservation of
the amputated part, however, may preclude
successful replantation. The metabolic conse-
quences of replantation after lengthy ischemic
periods include permanent end-organ damage
as well as life-threatening electrolyte and acid-
base disturbances.

Mentally unstable patient—Special consideration
needs to be given to any amputation in a men-
tally ill patient. The patient should be carefully
evaluated by both the replant surgeon and a
mental health specialist to determine whether
replantation is appropriate. Once the decision
has been made to proceed with replantation,
the replant surgeon and mental health spe-
cialist need to cooperate to ensure optimal care
and therapy.

Initial Management

After the replant team has been notified of a poten-
tial candidate, steps must be taken to ensure proper
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preservation of the amputated part. The amputated
part should be wrapped in moist saline gauze and
placed in a bag. The bag is placed on ice, but ice
should never come in direct contact with the ampu-
tated extremity. The patient should receive appro-
priate antibiotic and tetanus prophylaxis. Active
bleeding should be controlled without blind clamp-
ing or suturing. The patient should be stabilized and
transferred in an expedient manner.

On arrival, the patient and amputated part are
examined. The degree of contamination is assessed,
as is the nature of the skeletal injury and the quality
of the surrounding soft tissues. Radiographs of the
proximal and distal amputation sites are obtained
to rule out other injuries. Intraarticular involve-
ment and the quality of the adjacent bones influ-
ence, in part, the functional outcome of replantation.
Blood is crossmatched as needed.

The surgeon must counsel the patient appropri-
ately and carefully weigh whether function would 
be better with replantation than with revision
amputation and a possible prosthesis. Expectations
of the patient should be addressed, and the patient
should be informed of the need for postoperative
surgery. If the patient is unwilling to accept the
treatment recommendation of the surgeon, it may be
necessary to obtain or offer a second opinion from a
colleague.

Surgical Technique

Replantation is often performed under general anes-
thesia; an axillary block should also be used to
provide a sympathectomy effect. The patient is
placed in the supine position, although the prone
position can be useful for replantation of the thumb.
A tourniquet should be applied and used as needed.
Because the operative time may be prolonged, pres-
sure points should be padded to prevent pressure
breakdown. Sequential compression devices are
applied to the lower extremities for prophylaxis 
of deep venous thrombosis before induction of 
anesthesia.

The operative sequence may vary depending on
the level of injury and surgeon’s preference. In
general, replantation incorporates, in one sitting,
elements from all of the procedures routinely per-
formed by the hand surgeon.

In the case of multiple-digit amputations, all pos-
sible fingers should be replanted if the mechanism
and level are appropriate. The thumb, middle finger,
and ring finger should be given priority over the
index and small fingers. Transposition of an ampu-
tated digit may be necessary to preserve pinch, grip
strength, or the width of the hand. Such transposi-
tion allows the least damaged amputated part to be
reattached to the most useful site. To minimize
ischemic time and fatigue, structure-by-structure
repair is performed on all fingers simultaneously.

Preparation of the Amputated Part 
and Stump

A two-team approach should be used. The ampu-
tated part should be taken to the operating room for
preparation while evaluation of the patient is taking
place in the emergency room. The amputated part
should be scrubbed and cleansed. Devitalized or con-
taminated tissues are débrided. In arm amputa-
tions, exposure is achieved with midlateral
incisions. Radical débridement of muscle is often
necessary. Anterior/posterior compartment fas-
ciotomies of the arm, carpal tunnel/Guyon’s canal,
and the hand compartments are performed. The 
lacerated muscle/tendons, vessels, and nerves are
tagged, and bones are shortened.

For digital amputation, longitudinal midlateral
incisions are made of sufficient length to provide
wide exposure. With the use of loupe magnification
or the operating microscope, the neurovascular
bundles are identified and dissected clear from the
zone of injury. Dorsal veins are identified and tagged
in the plane between the reflected skin flap and the
extensor tendon. Flexor and extensor tendons are
identified in the amputated segment and cut
cleanly. Sutures placed in the tendon can be used for
identification and the repair. The amputated bone is
shortened if appropriate and prepared for fixation.
The proximal amputation site is simultaneously pre-
pared in a similar manner by the second team.

Osteosynthesis

The amputated and recipient segments are brought
into the same field and osteosynthesis achieved. 
Sufficient bone shortening (0.5 to 1 cm in a digit, 
2 to 8 cm in an arm) should be performed to facili-
tate tension-free primary repair of uninjured
vessels/nerves and closure of the skin. The angle of
the osteotomy can be adjusted when shortening the
bone to maximize surface contact. Although a
variety of methods may be appropriate, double
Kirschner wire or interosseous wire fixation (or
both) is frequently used. Plating and screw fixation
methods often necessitate wide exposure and
further devascularization and are therefore avoided.
In certain instances, the surgeon may elect to defer
shortening of the bone to preserve an articular
surface. If the joint is irreparable, immediate
arthrodesis or even arthroplasty may be considered.
Periosteum should be reapproximated whenever
possible.

Tendon Repair

Tendon repair is performed after osteosythesis.
Extensor tendons can be coapted with interrupted
mattress sutures. The flexor tendon sheath may be
divided to facilitate identification of the flexor digi-
torum profundus and superficialis tendons, but the
A2 and A4 pulleys should be preserved. The Tajima
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suture technique is useful for repair of the flexor
tendon when it is necessary to preserve the exposure
afforded by maintaining the digit in extension for
vascular and nerve repair. Sutures placed in each
segment of the tendon are tied after repair of the
vessels and nerves. Flexor tendon repair should be
reinforced with an epitendinous suture to provide
additional strength.

Vascular Repair

The order of vascular repair is decided by surgeon
preference. Dorsal veins are easier to identify when
they become distended after restoration of arterial
inflow. However, performance of venous anastomo-
sis before arterial repair avoids congestion of the
replanted part and can be accomplished in a blood-
less field. It is, however, more technically demand-
ing. If ischemic time has been prolonged, the arterial
anastomosis should be performed first. In the case
of forearm or upper arm amputation, the arterial
anastomosis should always be performed first
because bleeding from the veins of the amputated
part allows dissipation of toxic lactic acid and also
lessens the potassium burden following restoration
of outflow.

Regardless of which anastomosis is performed
first, a low threshold should be maintained for the
use of interposition vein grafts to ensure a tension-
free anastomosis. The arterial anastomosis should
not be performed until the surgeon visualizes a
normal-appearing intima both proximally and dis-
tally and confirms pulsatile blood flow from the
proximal vessel. Vein grafts can be readily obtained
from the forearm or the dorsum of the foot and
should be reversed before anastomosis. One or two
digital arteries should be repaired along with at
least two veins. Veins may need to be mobilized or
rerouted to ensure tension-free anastomosis.

The amputated segment should appear perfused
immediately after completion of the arterial anasto-
mosis. Topical agents (papaverine, lidocaine) are
used to diminish vasospasm. A persistent cadaveric
appearance necessitates careful inspection of the
anastomosis for technical error and revision as
needed. A blue appearance and brisk capillary refill
suggest poor venous outflow, and the venous anas-
tomosis should be inspected.

In the case of thumb replantation in which the
patient is supine, positioning of the digit for the arte-
rial anastomosis can be awkward. A vein graft is
useful in this circumstance. It is technically easier to
perform the distal anastomosis of the vein graft to
the dominant ulnar digital artery on the back table.
The princeps pollicis artery or radial artery at the
snuff box are used for the establishment of inflow.

Nerve Repair

Careful and accurate nerve repair cannot be over-
stressed. Poor results with regard to sensation can

negate an otherwise good result. Furthermore, a
painful replanted digit is always more of a handicap
than is an amputation. Nerves must be trimmed
back both proximally and distally until a normal fas-
cicular pattern can be visualized under the micro-
scope. Careful fascicular alignment is achieved, and
only a few sutures are required in most cases. It 
is important to perform nerve repairs without
tension, and grafting, when required, should be per-
formed. The posterior interosseus nerve, median
antebrachial cutaneous nerve, and sural nerve are
potential nerve donor sites.

Closure

Because edema increases as the case proceeds, once
the necessary repairs are completed, each side of the
hand is closed before proceeding with the repairs on
the remaining side. Closure should be loose to avoid
compression of the anastomoses. Frequent monitor-
ing with pulse oximetry or Doppler during closure is
useful to identify any compression that would result
in vascular compromise. A loose, bulky dressing and
splint are applied.

Postoperative Management

General Measures

After replantation, care is aimed at preserving 
perfusion of the replanted extremity. The patient’s
body temperature should be maintained by keeping
ambient room temperature at no less than 75∞ F.
Attempts are made to minimize patient discomfort
and its associated sympathetic response with ade-
quate analgesia and sedation. Brachial plexus and
axillary catheters can be used for both pain control
and sympathectomy. The patient should be kept
with nothing by mouth for at least 24 hours after
the procedure to avoid problems with administra-
tion of anesthesia should a return to the operating
room be required. Adequate hydration is maintained
with intravenous fluids.

Pharmacologic Management

Most surgeons use antithrombotic agents after
microsurgical repair of vessels. Aspirin, an 
irreversible platelet antagonist, along with low-
molecular-weight dextran (10%), a platelet and
fibrin antagonist and volume expander, can be
given. A test dose of dextran is given to exclude
potential allergic reaction, and continuous infusion
at 30 mL/hr is initiated in the operating room and
maintained for 3 to 5 days postoperatively. Systemic
heparin is occasionally used in cases in which there
has been difficulty maintaining patency of the 
vascular anastomosis.
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Monitoring

The most reliable method of postoperative moni-
toring of perfusion is direct inspection for color, 
capillary refill, and temperature. Experienced per-
sonnel should examine the replanted part both as a
baseline and hourly for the first 48 hours. A tem-
perature probe or pulse oximetry monitor attached
to the tip of the digit can be useful in detecting
subtle changes in perfusion that may indicate vas-
cular compromise.

Changes in appearance of the replanted part may
be obvious or subtle. A pale, flaccid digit with
delayed capillary refill suggests diminished arterial
inflow. Brisk capillary refill and a blue hue are
indicative of venous congestion or outflow obstruc-
tion. In either case, the dressing should be removed
and the replanted part examined. Surgeons must
maintain a low threshold for exploration if there is
any doubt. For mild venous congestion, leech
therapy can be used while new venous channels are
being formed.

Therapy

Standard tendon repair protocols are not useful in
cases of replantation. These protocols do not account
for simultaneous flexor and extensor repairs, along
with vascular, nerve, and bone repairs. Each case
must be approached individually. The surgeon must
take into account the rigidity of the fixation, the
security of the vascular anastomosis, and the
quality of the soft tissue and tendon repairs.

In general, guarded passive flexion and extension
is initiated at 1 to 2 weeks. This is done in a hospi-
tal setting, and vascularity is evaluated after mobi-
lization. At 3 weeks, light active and passive flexion/
extension is allowed. At 5 weeks, full flexion/
extension is allowed. Strengthening exercises are
started at 10 weeks.

Complications

Perioperative complications include loss of arterial
inflow or venous outflow. Pressure sores may
develop if adequate padding is not used during the
replantation procedure. More proximal replanta-
tions or those with a prolonged warm ischemic time
may be associated with severe metabolic distur-
bances after reperfusion. Subsequent rhabdomyoly-
sis and resultant acidemia and hyperkalemia may
result in permanent renal damage. In addition to a
risk for gastrointestinal hemorrhage, the use of peri-
operative anticoagulation is associated with a risk
for hematoma at the operative site or at the site of
puncture for induction of regional anesthesia.

Replantation is usually performed on contami-
nated wounds. Débridement of devitalized or con-

taminated tissue must be sufficient to minimize the
risk of postoperative infection. Replant loss after the
first week is often the result of infection and not
technical difficulty with vascular restoration.

Late complications that affect function of the
replanted part may occur weeks to months after
replantation. Malunion, nonunion, and diminished
range of motion can be related to the type of frac-
ture fixation and the associated period of immobi-
lization. Tenolysis is deferred until the surrounding
soft tissue is healed and supple and the patient’s
progress from therapy has plateaued. In more prox-
imal amputations, impaired blood flow to intrinsic
musculature can result in fibrosis and ischemic con-
tracture, which may require subsequent release or
débridement.

Most patients do not recover normal sensation in
the affected part after replantation, and thus attain-
ment of protective sensation is a more realistic goal.
Sufficient bone shortening that allows primary
nerve repair and strict adherence to meticulous
technique are necessary to optimize sensory recov-
ery and minimize neuroma formation. Cold sensi-
tivity after replantation is a frequent complaint but
often improves with time.

Pearls and Pitfalls

• Replantation remains a demanding procedure,
and a successful functional outcome requires
experienced surgical judgment, as well as
meticulous technique. 

• Errors regarding patient selection increase the
technical difficulty of the procedure and may
ultimately result in a well-perfused digit that
is painful and nonfunctional. 

• A long-term commitment by the surgeon,
patient, and therapist is essential for success. 

• The potential for restoration of the patient’s
sense of self makes replantation one of the
most rewarding surgical procedures.
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The processes of nerve regeneration and target rein-
nervation are complex and involve multiple factors.
The timing of the repair, the level of the injury, the
extent of the zone of injury, the technical skill of the
surgeon, and the method of repair or reconstruction
contribute to the functional outcome after nerve
injury. This chapter reviews the principles and tech-
niques of nerve repair and discusses options for
direct repair, including nerve grafts, conduits, and
nerve-to-nerve transfers.

Etiopathogenesis

The causes of peripheral nerve injury are multifac-
torial and may be congenital or acquired. Trauma,
tumors, vascular lesions, and iatrogenic injuries are
causes of most nerve injury.

Pathologic Anatomy

A detailed history and physical examination are
often all that is required to diagnose peripheral
nerve injury and to ascertain the probable patho-
logic anatomy. Information regarding both the pre-
morbid function of the patient and the mechanism
of injury is critical in the evaluation of a nerve
injury. Information on whether the injury was open
or closed or whether it involved a stretch or a crush
injury assists in assessment of the degree of injury.
A complete sensory and motor examination of the
injured extremity should include two-point discrim-
ination of the digits and pinch and grip testing.
Tinel’s and provocative testing should begin at the
cervical spine and proceed to the wrist. In addition

Peripheral Nerve Repair 
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to evaluation of innervation density with static and
moving two-point discrimination, threshold testing
(vibratory stimulus of a 256-Hz tuning fork or
Semmes-Weinstein monofilaments) and evaluation
of protective sensation with pain and temperature
testing help to give a complete and accurate picture 
of the pathology. A simple qualitative 10/10 test
rapidly and accurately provides an excellent esti-
mate of sensibility.

First-degree injuries (neurapraxia) represent a
localized conduction block at the site of trauma. The
site of trauma may appear normal by physical exam-
ination, or evidence of ecchymosis or hematoma may
be apparent. Tinel’s sign is absent because there is
no axonal discontinuity. Recovery can vary from days
to 12 weeks. When the conduction block improves,
recovery is immediate, in contrast to the slower pro-
gression of neural recovery observed in more severe
degrees of injury. Nerve conduction studies demon-
strate no action potential at the area of the conduc-
tion block; however, a normal response to stimulation
is seen above and below the level of the block.

Second-degree injuries (axonotmesis) are the least
serious of the degenerative injuries. Axons are dis-
rupted and wallerian degeneration occurs; however,
the endoneurial sheaths are preserved, so axonal
contact and guidance of the regenerating growth
cones are unimpeded by scar or topographic mis-
match. Tinel’s sign is present because of axonal
injury; it progresses distally with the regenerating
axons at a rate of 1 to 3 mm/day. The axonotmesis
recovers according to the sequential reinnervation of
target sensory and motor end-organs in a logical
proximal-to-distal manner. This finding contrasts
with neurapraxia (first-degree injury), which recov-
ers relatively completely within 3 months. Excellent
spontaneous complete (or nearly complete) recovery
is expected.
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Third-degree injuries also represent an
axonotmesis in that the axons are disrupted;
however, the architectural disturbances are more
extensive and include the endoneurial sheath, the
basal laminae of Schwann cells, and other connec-
tive tissue disruptions within the boundaries of the
perineurium. The endoneurial contents are no
longer able to guide axonal regrowth, and mismatch
of fibers occurs in a proximal-to-distal direction.
Some of the fibers fail to grow across the injury and
may form a disorganized conglomeration of nerve
fibers, Schwann cells, and scar tissue. The results 
of third-degree injury vary depending on the extent
of intrafascicular scarring and the fascicular top-
ography at the level of the injury that results 
after topographic mismatch and the ensuing axonal 
misdirection. Despite this variability, it is generally
accepted that microsurgical repair with grafting is
less successful than the results seen with sponta-
neous recovery of a third-degree lesion. Recovery of
a third-degree injury may be improved with surgi-
cal decompression and neurolysis if the conduction
block is localized to a known area of nerve com-
pression. A third-degree injury causing significant
pain may therefore be better treated by excision of
the injured nerve section and nerve grafting. Treat-
ment of a third-degree injury with surgical inter-
vention is not considered outside the standard of
care.

Fourth-degree injuries (neuroma in continuity)
consist of intact epineurium, but all the subepineur-
ial layers have undergone complete disruption and
replacement with scar. No nerve regeneration is pos-
sible, and all nerve elements in the area are replaced
by scar (neuromas). Tinel’s sign may be present, but
it fails to progress distally. As with other injuries, a
fourth-degree injury requires a period of observation
for reliable diagnosis, although the severity of the
injury mechanism and the absence of progression of
Tinel’s sign are early, ominous warnings. A fourth-
degree injury requires excision of the area of injury
and microsurgical repair with grafting or a conduit
technique.

Fifth-degree injuries (neurotmesis) are defined as
complete division of the nerve. No recovery is possi-
ble without repair. These injuries can follow a severe
stretch and avulsion injury, but more commonly
they are associated with open trauma.

Sixth-degree injuries were added to Sunderland’s
original classification to address a mixed nerve
injury. A nerve may undergo a combination of dif-
ferent degrees of injury. These injuries are chal-
lenging because of the possibility of poor function of
the less severely injured portions of the nerve. It is
important to differentiate fourth- and fifth-degree
injured fascicles from less severely injured or unin-
jured ones. Knowledge of fascicular anatomy and
correlation with the pattern of observed recovery
can be helpful in this regard but may not provide a
complete picture. Intraoperative electrodiagnostic
studies can help to complete the topographic picture.

Diagnostic Studies

Electrodiagnostic testing includes nerve conduction
studies and electromyography. These studies are
useful in defining the distribution of an injury, as
well as the extent of the injury (partial versus com-
plete). Electrodiagnostic testing can also be helpful
in documenting the recovery of nerve function. In
the evaluation of a closed nerve injury, it is impor-
tant to understand that nerve conduction studies
and electromyography performed before 4 to 6 weeks
after a nerve injury yield indeterminate results
because it takes this long for muscle to demonstrate
detectable denervational changes on electromyogra-
phy. By 12 weeks, motor unit potentials should be
present, at least in the proximally innervated
muscle, if functional recovery is to be anticipated.

Both nerve conduction studies and electromyog-
raphy are useful adjuncts to physical examination.
The combination of a detailed clinical evaluation
and electrodiagnostic studies provides the surgeon
with an excellent guide for planning a reconstruc-
tive strategy.

Reconstructive Goals

The goals of reconstruction are to maximize nerve
recovery and useful function in a timely fashion. In
the case of multiple nerve injuries, such as those
seen in a brachial plexus injury, surgical priorities
must be established. First priority should be given
to restoration of elbow flexion, followed by shoulder
abduction and external rotation. Sensory priorities
should focus on sensibility of the ulnar thumb and
radial index finger and the ulnar border of the hand.

Treatment

Open injuries, in general, require early exploration.
If the injury is a sharp laceration and conditions are
optimal, the nerve can be repaired primarily. The
proximal and distal extent of the zone of injury can
be difficult to appreciate in anything other than an
injury from a knife or glass. Definitive primary
nerve repair is not recommended for injuries asso-
ciated with significant soft tissue damage because
the longitudinal zone of injury is not initially appar-
ent. In this situation, delayed repair better allows
the surgeon to define the zone of injury.

If primary repair is not appropriate at the time of
initial exploration, the proximal and distal ends of
the nerves should be tagged and sutured to full
length to prevent significant retraction at a sec-
ondary procedure. If possible, the nerve should 
be approximated by using fascicular patterns to 
aid in topographic alignment and to maximize the
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definitive repair. At 3 weeks, or when the patient’s
overall condition and wound permit, the nerve
should be reexplored with the goal of achieving a
definitive repair.

Gunshot wounds must be considered an exception
to the general rule of early exploration of open
injuries. Although these injuries are technically con-
sidered to be open, the mechanisms of nerve damage
are predominately heat and shock effects. Conse-
quently, many of these injuries recover sponta-
neously and should more appropriately be treated as
closed or blunt trauma.

Closed or blunt injuries are initially managed
conservatively. If anatomic recovery is not seen at 6
weeks, electrodiagnostic studies should be obtained
for assessment and baseline evaluation. If postin-
jury recovery has not occurred at 12 weeks, addi-
tional clinical and electrical assessment should be
performed. If motor unit potentials are identified
with electromyography, spontaneous reinnervation
of that muscle should be anticipated, and these
patients should continue to be treated expectantly.
However, the absence of clinical or electrical evi-
dence of reinnervation at 3 months indicates the
need for exploration. The type of surgical procedure
that is ultimately performed is determined after
exploration and intraoperative nerve conduction
testing. A nerve that has been completely divided or
that fails to conduct an action potential intraopera-
tively should be managed by resection of the
neuroma and microsurgical repair of the nerve gap
with interpositional nerve grafting.

An in-continuity lesion that is able to be stimu-
lated electrically can be more of a challenge. Neu-
rolysis proximal and distal to the neuroma allows
identification of functioning fascicles by using a
nerve stimulator for the motor fascicles and nerve-
to-nerve intraoperative recording for sensory fasci-
cles. The nonfunctioning nerve fascicles can be
transected proximally and distally and grafts placed
without disrupting the partially functioning
neuroma.

Surgical release of any known areas of distal com-
pression can also be useful. For example, release of
the carpal tunnel in a proximal median nerve injury
can help to facilitate regeneration across the wrist,
and release of the peroneal nerve at the fibular head
and the tibial nerve at the tarsal tunnel can assist
in peroneal and tibial nerve recovery in association
with more proximal recovering sciatic nerve injuries.

The principles of nerve repair include the following:

1 Quantitative preoperative assessment of motor
and sensory systems

2 Microsurgical technique, including magnifica-
tion, instrumentation, and microsutures

3 Tension-free repair
4 Use of an interpositional nerve graft when a

tension-free direct repair is not technically 
possible

5 Primary repair when conditions permit
6 Delay in repair for approximately 3 weeks in

cases in which primary repair is not optimal
(for example, a severe crush, stretch, or loss of
nerve tissue)

7 Early protected range of movement to allow
nerve gliding

8 Occupational and physical therapy to maintain
range of motion and assist in postoperative
sensory and motor reeducation and rehabilita-
tion to maximize the clinical outcome

Microsurgical techniques are required for a tech-
nically optimal nerve repair. The operating micro-
scope should be used whenever possible; however,
surgical loupes (at least 4¥ magnification) are ade-
quate in areas where placement of the microscope is
difficult. Repairs should be performed with either
9–0 or 10–0 nylon (interrupted) sutures. Nerve ends
are prepared sharply by using either a No. 15 blade
on a rigid background or sharp, straight microscis-
sors. The first suture should always be placed inten-
tionally loose to facilitate optimal alignment of the
nerve ends with the remaining sutures. Any out-
wardly pointing fascicles should be gently trimmed
so that they can properly align themselves within
the repair.

Any tension at the nerve repair site must be
managed by nerve grafting. Postural maneuvers to
decrease tension should be avoided; they cause
gapping and scarring at the nerve repair site when
the joint is mobilized and may result in stiffness of
the immobilized joint. Mobilization of the nerve ends
proximally and distally for short distances of 1 to 
2 cm can provide some relief of tension without neg-
atively affecting blood flow, but extensive mobiliza-
tion of the nerves should be avoided. It is important
to recognize that under unfavorable conditions,
axonal regeneration is more successful across two
tension-free neurorrhaphy sites than across one
tight repair site.

Conduits are an alternative to an interpositional
nerve graft. Research on the use of alternatives to
interpositional nerve grafts has been driven by
issues associated with donor nerve harvest, avail-
ability, and associated morbidity. The use of conduits
to facilitate nerve regeneration across a nerve gap
is an area of considerable research.

It is well established that the influence of the
distal stump can be exerted equally well through a
conduit or a nerve graft over short distances of less
than 3 cm. However, current research has not suc-
ceeded in developing a conduit that is successful for
long nerve gaps (greater than 3 cm). Currently, the
use of conduits by the authors is limited to gaps less
than 3 cm in noncritical, small-diameter areas of
sensation and in patients who decline autogenous
nerve graft harvest.

Nerve grafting techniques follow the same princi-
ples as previously described for direct repair. In
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general, nerve grafting should be delayed for 3
weeks until the extent of nerve damage can be more
fully appreciated. Primary nerve grafts may be jus-
tified in areas of extensive trauma involving injuries
to multiple structures that may be difficult and dan-
gerous to reexplore. In these instances, generous
débridement of the nerve both proximally and dis-
tally should be performed to ensure that the resec-
tion is well outside the zone of injury. The size of the
defect is measured with joints maximally extended
to ensure that an adequate length of graft is
obtained to facilitate tension-free repair. The graft
should be oriented in a reverse fashion from its
native position so that the regenerating fibers are
not diverted from the distal neurorrhaphy site and
the distal stump. Surgically created misalignment
can be avoided by placement of the grafts in the
same sequence proximally and distally. As with
direct repair, knowledge of the intraneural topogra-
phy of the peripheral nerves is essential to obtain a
good clinical outcome. The distal stump of the nerve
can be exposed distally until the motor and sensory
branching pattern is clarified. With the appropriate
motor and sensory areas defined distally, appropri-
ate fascicles can be visually followed proximally to
their location in the distal nerve stump. This tech-
nique avoids the time and physical manipulation of
the nerve necessary with surgical neurolysis. The
fascicular patterns of the proximal stump are thus
assessed. If the nerve gap is small, corresponding
fascicular organizations matching the distal stump
can be identified. In longer gaps, the cross-sectional
anatomy is less likely to match the distal stump, and
the techniques of awake stimulation or histochemi-
cal staining may be useful. In general, knowledge of
the intraneural topography is most commonly used
to align the nerve grafts. This knowledge is gained
by taking the opportunity, case by case, to electri-
cally stimulate normal nerves with a nerve stimu-
lator to identify the motor/sensory topography.

Nerve transfers are increasingly being used for
reconstruction of proximal nerve injuries. The use of
nerve transfers in the upper extremity has been
limited to brachial plexus avulsion injuries in which
no proximal source of viable nerve is available for
nerve grafting. However, nerve grafting across a
proximal nerve injury is associated with poor func-
tional outcomes. The distance to the target muscle
may be too far from the regenerating nerve fibers to
provide timely and useful reinnervation. In contrast,
distal nerve transfers provide regenerating axons to
the injured nerve at a site close to the target muscle,
thereby avoiding the long delay for reinnervation. In
addition, many of these procedures can be carried
out without the need for an interpositional nerve
graft. When a nerve graft is required, it is generally
short and can be harvested from the ipsilateral
extremity.

A nerve transfer therefore converts a high-level
nerve injury to a low-level nerve injury by recruit-
ing expendable nerve fascicles from the donor nerve

to innervate critical nerves close to their target end-
organs. Donor nerves are preferentially selected
according to their proximity to the motor end-plate
of interest, and the neurorrhaphy is carried out in a
tension-free manner without the need for a nerve
graft. The criteria for motor and sensory nerve
transfers include an expendable donor nerve, a
donor nerve with a large number of pure axons
(motor or sensory), a donor nerve near the target
organ, and preferably a donor motor nerve that
innervates a muscle that is synergistic to the target
muscle.

Motor nerve transfers to restore elbow flexion have
been the subject of considerable interest. The
authors initially preferred the medial pectoral nerve
to motor the musculocutaneous nerve. Approxi-
mately 6 years ago, the procedure was modified so
that a redundant portion of the normal ulnar nerve
supplying branches to the flexor carpi ulnaris (FCU)
was transferred directly to the biceps branch of the
musculocutaneous nerve. This transfer supplies
motor input more distally in the arm, at a level that
is close to the motor end-plates of the biceps muscle.
It does not require an interpositional nerve graft. In
this procedure, the ulnar nerve is identified at the
midarm level, adjacent to the biceps branch of the
musculocutaneous nerve. Redundant fascicles to 
the FCU are identified by internal neurolysis and
the use of a nerve stimulator. These branches, typi-
cally located on the lateral aspect of the ulnar nerve,
account for approximately 20% to 25% of the nerve.
Adequate intrinsic hand function with the remain-
ing portion of the ulnar nerve must be confirmed
before dividing the selected portion of the ulnar
nerve. Alternatively, or simultaneously, the motor
fibers from the medial pectoral muscle are trans-
ferred to the brachialis branch of the musculocuta-
neous muscle with an interpositional nerve graft to
maximize the strength of elbow flexion.

Other options for biceps reconstruction include a
portion of the flexor carpi radialis motor fascicles of
the median nerve, the entire thoracodorsal nerve,
and the intercostal nerves. Dissection of the inter-
costal nerves under the ribs can be tedious, and the
nerves tend to be small, with a limited number of
motor axons. When using the intercostals, an
attempt should be made to include one of the larger
segmental nerves that innervate the rectus abdo-
minis muscle because they provide more motor
fibers. Interpositional nerve grafts are often
required with intercostal nerve transfers, especially
in obese patients.

Shoulder abduction reconstruction using nerve
transfers concentrates primarily on reconstruction
of the suprascapular nerve (SSN), as well as the
axillary nerve. Injury to the SSN results in weak-
ness of the supraspinatus and infraspinatus muscles
during initial arm abduction and external rotation.
Injuries to this nerve should preferentially be
repaired with nerve grafts if the proximal C5-6 root
is available. The short distance of the motor end-



572 —— Peripheral Nerve Repair and Transfers

involves reflection of the pectoralis major muscle
and division of the pectoralis minor muscle. A nerve
stimulator is applied to the undersurface of the pec-
toralis minor to identify two to four branches of the
MPN, which are divided as distally as possible. A
short nerve graft is still occasionally required to
achieve a tension-free repair.

Use of a triceps branch can often be accomplished
without a nerve graft because the main triceps
branch separates from the radial nerve quite proxi-
mally. It is traced distally until it further branches
into three terminal branches, one of which is
selected and neurolysed proximally as far as possi-
ble. Care is taken to leave sufficient function of the
triceps muscle with the remaining two branches.
The donor branch of the triceps is sutured directly
to the superolateral portion of the axillary nerve.
Other transfers for deltoid reconstruction include
the thoracodorsal nerve and the intercostal nerves.

Intrinsic hand function (ulnar nerve) reconstruc-
tion using distal nerve transfers is highly desirable
given the poor outcomes after high ulnar nerve
injuries. Nerve transfers provide a closer source of
motor axons to the target muscles and avoid the pro-
longed time needed for reinnervation observed in
high injuries. When the median nerve is intact, the
distal branch of the anterior interosseous nerve
(AIN) to the pronator quadratus can be transferred
to the deep motor branch of the motor nerve. The
deep motor branch of the ulnar nerve is first identi-
fied in Guyon’s canal and traced proximally to the
midforearm region. The AIN is identified and traced
distally into the midpoint of the pronator quadratus
muscle where branching occurs. Direct repair of the
AIN to the motor branch of the ulnar nerve can
always be accomplished in a tension-free manner
without the need for a nerve graft.

Sensory nerve transfers can be performed for both
the ulnar and median nerve. When the ulnar nerve
requires reconstruction, the common digital nerves
to the third web space (median nerve) can be used.
In complete, high ulnar nerve injuries, the transfer
can be accomplished in the distal end of the forearm,
at the same level where the motor nerve transfer of
the AIN to the deep motor branch of the ulnar nerve
is performed. The most ulnar fascicles of the median
nerve supply sensation to the third web space. Iden-
tification can be made by careful intraneural neu-
rolysis in the forearm and usually confirmed by
following the fascicles. Intraoperative nerve stimu-
lation is performed to ensure that no motor fibers
are involved. To minimize donor morbidity, the
distal end of the donor nerve may be sutured in an
end-to-side fashion to the median nerve where the
sensory fascicles to the second web space reside.
Alternatively, an end-to-side neurorrhaphy of the
cut end of the sensory ulnar nerve to the side of the
median nerve can be performed to provide ulnar
sensation.

Reconstruction of the median nerve to provide
critical sensation to the first web space is possible

plates to the root level of these nerves results in an
excellent prognosis with nerve grafting. When no
suitable proximal nerve is available for reconstruc-
tion, the distal portion of the accessory nerve (DAN)
can be used. The DAN is identified and traced dis-
tally to preserve the upper trapezius branches,
which are important in shoulder function. The SSN
is identified behind and below the clavicle. This
nerve can be difficult to identify. It is the only branch
of the upper trunk and can be located by following
the lateral border of the upper trunk. Alternatively, 
the SSN can be exposed with blunt finger dissection.
In this approach, a blunt finger dissects inferiorly
through the neck incision, as well as superiorly
through the infraclavicular exposure to the brachial
plexus. The SSN is palpated under the clavicle and
delivered into the neck incision. The neurorrhaphy
of the DAN to the SSN is completed through the
neck incision (Fig. 1).

The medial pectoral nerve (MPN) can also serve
as a donor for the SSN. No neck incision is required,
and the SSN is identified via the infraclavicular
approach as described earlier.

Injury to the axillary nerve results in weakness
of the deltoid muscle, which contributes signifi-
cantly to shoulder abduction. The MPN and a
portion of the triceps branch to the radial nerve are
the usual nerve donors for reconstruction of the axil-
lary nerve. The axillary nerve is quite large relative
to either of these donor nerves, and a significant size
mismatch can be seen. It is important to preferen-
tially innervate the superolateral portion of the axil-
lary nerve where the motor fibers of the deltoid
muscle are located. The MPN and a triceps branch
can also be used in combination to provide greater
motor input. Identification of branches of the MPN
is easily accomplished after standard exposure of
the infraclavicular brachial plexus; this maneuver

Distal accessory nerve

Suprascapular nerve

Figure 1 • Distal accessory nerve transfer to the supra-
scapular nerve. The distal portion of the accessory nerve is
used after it has given off its branches to the upper portion of
the trapezius.
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cal remapping through sensory input from the newly
innervated area and begins as soon as the patient is
able to perceive any type of sensory stimulus.

Pearls and Pitfalls

• It is important to document preoperative pain
for baseline comparison with postoperative
symptoms.

• If pain is an issue preoperatively, the use of a
Bier block containing bretylium and lidocaine
(Xylocaine) is helpful, even when general anes-
thesia is used. In addition, preoperative and
postoperative oral gabapentin (Neurontin) and
a postoperative pain pump are useful.

• Ask advice for complicated nerve cases by con-
sulting individuals with greater experience. It
is usually “when” to operate that is at issue, not
so much “what” operation to perform.

• Avoid the tendency to find “anatomic anom-
alies” during surgery. The anatomy is usually
consistent, and “anomalies” generally repre-
sent misunderstanding of the anatomy.

• Encourage early postoperative movement.
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when the ulnar nerve is intact. The donor is the
portion of the ulnar nerve that supplies the non-
critical area of the fourth web space. The common
digital nerves are dissected and transected distally.
The nerves of the fourth web space are transposed
to the first web space, and an end-to-end neuror-
rhaphy is accomplished without the need for a nerve
graft. The distal end of the donor ulnar nerve is
sutured end to side to the ulnar digital nerve to the
fifth digit to provide sensation to the donor ulnar
distribution of the fourth web space.

Postoperative Care

All nerve repairs, grafts, and transfers require early
range of motion. Dressings are removed by post-
operative day 3, the wounds are examined, and the
patient begins range-of-motion exercises. In the
area of the nerve repair or transfer, the repair sites
are protected from extreme ranges of motion by
using protective splints or slings for approximately
2 weeks. After the short period of protection,
restricted movements are started. Mobilization
begins with active, active-assisted, and finally
passive range-of-motion exercises at the site of 
the nerve repair. The rehabilitation goals in the
early postoperative period are to regain full passive
range of motion and prevent joint stiffness and 
contractures.

Later stages of rehabilitation focus on motor or
sensory reeducation (or both). Successful motor
function requires not only successful motor reinner-
vation but also restoration of the central mecha-
nisms controlling motor function. In the case of
nerve transfer, the transferred nerve is now inner-
vating a different muscle, a concept similar to the
reeducation required after tendon transfers. Reha-
bilitation is accomplished by having the patient
attempt to contract both the donor muscle and the
reinnervated muscle at the same time. For example,
flexion of the wrist while attempting to flex the
elbow is important in retraining of the FCU-to-
biceps transfer. Sensory reeducation requires corti-
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In the latter part of the 19th century, Duchenne 
provided the anatomic basis of brachial plexopathy
by ascribing specific nerve injury to specific muscle
dysfunction. Further refinement of brachial plexus
anatomy was derived from electrical stimulation
studies performed by Erb and colleagues in 1874.
The first attempted surgical repair of brachial
plexus injury was performed by Thorburn in 1900.
However, equivocal outcomes and high perioperative
morbidity dampened enthusiasm for surgical inter-
vention until a resurgence of interest brought on by
the plethora of wartime plexus injuries. In 1947,
Seddon described surgical repair with nerve grafts,
and a decade later, Sutherland published an analy-
sis of the pathologic features of brachial plexus
injury with accompanying strategies for surgical
treatment. The advent of microsurgical technique
further promoted the treatment of these injuries.

The modern philosophy of evaluation and treat-
ment of brachial plexus injury relies on technology-
aided diagnosis, precise surgical planning, creative
application of grafts and neurotization, aggressive
therapy, and lesion-specific splinting techniques.

Pathologic Anatomy

Function of the upper extremity is the result of neu-
romuscular communication between the somatosen-
sory afferent and somatomotor efferent fibers of the
fifth through eighth cervical and first thoracic spinal
nerves. The five spinal nerves exit the posterior 
triangle of the neck behind the anterior scalene and
form the three trunks of the brachial plexus on the
anterior surface of the middle scalene (Fig. 1).
Before merging to form the upper (superior) trunk
of the plexus, the fifth and sixth cervical nerves give

Brachial Plexus Injuries
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rise to the nerve to the subclavius muscle, the dorsal
scapular nerve, and the suprascapular nerve. The
dorsal scapular nerve to the levator scapulae and
rhomboids arises from the fifth cervical root. The
suprascapular nerve to the infraspinatus and
supraspinatus and the nerve to the subclavius orig-
inate at the junction of the formation of the superior
trunk. The seventh cervical nerve becomes the
middle trunk after giving a contribution to the long
thoracic nerve from C5 and C6 to the serratus 
anterior. The lower (inferior) trunk is formed at the
superior margin of the thoracic inlet by the eighth
cervical nerve and the first thoracic nerve and
assumes a position just superior to the first rib. Six
divisions of the plexus, three anterior and three 
posterior, result from bifurcation of the previously
described trunks. The divisions traverse lateral to
the thoracic inlet and posterior to the subclavian
artery. The cords of the plexus lie immediately
behind the pectoralis minor adjacent to the second
portion of the axillary artery. The anterior divisions
of the superior and middle trunks unite lateral to
the axillary artery to give rise to the lateral cord.
The posterior divisions of all three trunks merge to
form the posterior cord posterior to the artery,
whereas the medial cord is a continuation of the
anterior division of the inferior trunk on its medial
aspect.

In the axilla, the lateral cord gives rise to the
lateral pectoral nerve to the pectoralis major
muscle. The posterior cord contributes to the upper
and lower nerves of the subscapular muscle and also
to the nerve to the latissimus dorsi (thoracodorsal
nerve). Cutaneous sensory information of the medial
aspect of the arm and forearm is relayed through
respective nerves to the medial cord. Innervation of
the pectoralis major and minor muscles from the
medial pectoral nerve also originates from the
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Figure 1 • Brachial plexus anatomy.

medial cord. The terminal branches of the cords give
rise to the musculocutaneous nerve (lateral cord),
radial and axillary nerves (posterior cord), and the
ulnar nerve (medial cord). The median nerve is
formed from the terminal branches of the lateral
cord (lateral portion) and medial cord (medial
portion). The terminal branches innervate the
various muscles of the upper extremity that are
involved in sensory and motor function of the shoul-
der, elbow, wrist, and hand.

The major caveat to the anatomy of the brachial
plexus is the varying contributions of the fourth cer-
vical and second thoracic spinal nerves. A prefixed
or postfixed brachial plexus occurs when the entire
plexus originates one cervical level higher or lower,
respectively, than normal. Anatomically, a prefixed
plexus is farther away from its innervated struc-
tures in the upper extremity, thereby allowing
greater tension. Conversely, a postfixed plexus has
its lower trunk surrounding the first and second ribs
and is therefore more susceptible to thoracic injury.

Etiopathogenesis

Insults to the brachial plexus are the result of direct
compression, traction, or penetrating trauma.
Injuries are classified as open versus closed and
acute versus insidious in onset. Open injuries are
usually the result of projectiles penetrating the over-
lying muscles with direct trauma to the plexus 
or subsequent traction on the nerve roots. Supra-
clavicular injuries predominate in this scenario,
whereas infraclavicular injuries are associated with
thoracic penetrating wounds. Closed compression
injuries result from direct force applied to the neck.
Such injuries most commonly result from the
chronic use of backpacks and shoulder harnesses,
which allows the clavicle or the soft tissue struc-
tures to transfer direct force to the nerves.
Hematoma or injury to the subclavian or axillary
arteries may also apply direct pressure on the cord
structures.
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Traction injuries occur with cephalad or caudal
force applied to the arm and also with hyperexten-
sion and lateral flexion of the cervical spine. The
majority of cases are caused by injuries associated
with motor vehicle accidents. However, contact
sports may result in high impact torsion of the upper
roots of the plexus. In children, particularly
neonates, upper root injury is the result of obstetric-
related injuries during difficult or instrumented
vaginal deliveries; macrosomia, gestational dia-
betes, and shoulder dystocia predispose newborns to
this type of injury. Traction on the lower portion of
the plexus is related to excessive or swift abduction
and external rotation of the arm, which may occur
in dragging or hanging incidents. Upper plexus
injuries are more common because of a greater
degree of exposure to both open and closed trauma
in the unprotected cervical region.

At the cellular level, disruption of the nerves, 
fascicles, and the nerve root complex may occur with
varying degrees of complexity. Avulsion of the nerve
root involves preganglionic disruption of the dorsal
and ventral roots of the spinal nerve. Rupture of the
spinal nerve takes place at any location distal to the
dorsal root ganglion. Peripheral nerve injury can 
be additionally classified by the degree of axonal
damage and demyelination (Fig. 2). Neurapraxia
implies stretch injury without frank disruption of
the axon. Demyelination may occur and result in a
conduction block, or Sunderland’s first-degree
injury. Damage to the axon, or axonotmesis, is a
second-degree injury in which the connective tissue
sheath of the nerve is left intact. Neurapractic and
axonotmetic lesions resolve with minimal functional
impairment. Neurotmetic injuries, which comprise
Sunderland’s third- through fifth-degree injuries,
imply progressive disruption from endoneurium to
perineurium to epineurium. Spontaneous regenera-
tion is disorganized and functional recovery is
incomplete at best. Surgical intervention is gener-
ally warranted for the more severe injuries. Mac-
kinnon’s sixth-degree injury is any combination of
the aforementioned lesions along the length of the
same nerve.

Diagnostic Studies

A complete history and physical examination are
paramount and often of higher yield than diagnos-
tic studies in assessing potential injury. However,
identifying the site and deciphering the extent of
nerve damage frequently require operative explora-
tion with intraoperative electrophysiologic studies.

The mechanism and velocity of the injury provide
insight into the location of the nerve injury. Muscle
atrophy and contracture vis-à-vis the opposite limb
give clues to the pattern of nerve involvement. The
British Medical Research Council scale is used to
standardize the extent of paralysis (Table 1).

Neurapraxia

Axonotmesis

Neurotmesis

VI

V

IV

I

II

III

Figure 2 • Classification of peripheral nerve injuries.
(Adapted from Brandt KE, Mackinnon SE: Microsurgical repair
of peripheral nerves and grafts. In Aston SJ, Beasley RW,
Thorne CHM [eds]: Grabb and Smith’s Plastic Surgery, 5th ed.
Philadelphia, Lippincott Raven, 1997.)

Motor examination is aimed at identifying the
exact nerve root deficits. The use of diagrams that
refer the axonal distribution to the function of the
nerve roots (see Fig. 1) obtained during initial
assessment of the injury is crucial to planning
repair. A schematic of the plexus that takes into
account motor and sensory deficits assists in deci-
phering an avenue for rehabilitation and recon-
struction. At the glenohumeral joint, abduction of
the arm, shoulder extension and external rotation
are relayed through C5, adduction and shoulder
flexion through C6, and internal rotation through
C6 and C7. At the elbow, forearm flexion and supina-
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tion are the result of stimulation from C5, pronation
from C6, and extension from C7. The wrist and hand
receive input from C7 through T1, wrist and finger
extension from C7, and wrist and finger flexion and
contraction of the intrinsic muscles of the hand from
C8 and T1.

Sensory examination is undertaken by assess-
ment of pain, temperature, and proprioception
modalities corresponding to the dermatomal distri-
bution of the nerve roots. The sensory afferent roots
of the medial aspect of the hand, forearm, and arm
are received at C8, T1, and T2, respectively. On the
lateral aspect, C5 and C6 receive information from
the forearm and arm and C7 from the dorsum of 
the hand.

Radiographic Studies

The high-impact nature of closed injuries, especially
those that are the result of direct trauma from falls
and motor vehicle accidents, warrants complete 
evaluation of the cervical spine. Cervical radiographs
are essential in assessment of trauma and may also
reveal fractures and subluxations that damage the
spinal cord and nerve roots as they exit their foram-
ina. Plain radiographs of the chest, shoulder, and
humerus are useful for excluding fractures and dis-
locations of the bony structures that may suggest
associated nerve or vascular injury. Contrast-
enhanced computed tomography (CT) and magnetic
resonance imaging of the cervical soft tissues are the
least invasive techniques for analyzing the anatomic
relationships of deformed trunks, divisions, and cords

of the plexus. Identification of impinging lesions such
as hematomas or aneurysms and localization of scar
neuromas in delayed evaluation are best achieved
with these diagnostic tools. The use of CT-myelogra-
phy, which produces a contrast-enhanced image of
the subarachnoid space, can lend insight into the
possibility of root avulsion. An avulsion injury
damages both the nerve root and meninges and
causes diverticula, which are referred to as traumatic
meningoceles or pseudomeningoceles.

Despite the enhanced anatomic information
gained from radiographic studies, interpretation of
the functional data gained from physical examina-
tion is of extreme importance and ultimately
governs decision making for surgical repair.

Electrophysiologic Assessment

An acutely injured nerve may be electrically stimu-
lated within the first 72 hours before complete
degradation of the neurotransmitters at the motor
end-plate. After this period, fascicular discrimina-
tion can be undertaken microsurgically, with partic-
ular attention paid to the internal topology. In most
instances, it takes 2 to 3 weeks for the characteris-
tic changes of nerve injury and regeneration to be
seen on electromyograms. Before this period, fibril-
lations and altered wave patterns are not specific.
In the operating room, a conduction drop across 
neuromas gives insight into the functional status of
the nerve and provides prognostic data for potential
recovery. Somatosensory evoked potentials and
sensory nerve action potentials are used to discrim-
inate preganglionic and postganglionic injuries
when nerve root avulsion is suspected. When evoked
potentials are elicited from areas of anesthesia, a
preganglionic or dorsal root injury is assumed. Addi-
tional electrophysiologic assessment is outlined in
Table 2.

Treatment

Primary Exploration

Exposure of the brachial plexus is obtained by either
supraclavicular or infraclavicular incisions. The

TABLE 2 Electrophysiologic Findings after Nerve Injury

NORMAL NEURAPRAXIA AXONOTMESIS/ NEUROTMESIS

Electromyography Normal muscular Absent muscular response Absent muscular response
response Fibrillations absent Fibrillations present

Nerve conduction Normal action Reduced motor and sensory Absent motor and sensory action potential
study potentials action potential

Normal latency Prolonged latency Latency absent
Somatosensory evoked Normal cortical Decreased conduction Conduction decreased >50%

potentials response Increased latency Latency increased >10%

TABLE 1 British Medical Research Council

Muscle Grading System

MUSCLE 
GRADE OBSERVATION

1 No contraction
2 Flicker or trace of contraction
3 Active movement with gravity eliminated
4 Active movement against gravity
5 Active movement against gravity and 

resistance
6 Normal power
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roots, trunks, and early branches of the plexus are
exposed above the clavicle by making an incision on
the posterior border of the sternocleidomastoid. Dis-
section is carried through the sternoclavicular fossa
to the anterior scalene muscle. During dissection,
the external jugular vein is ligated, but care should
be taken to avoid injury to the internal jugular vein
and to preserve the cutaneous branches of the cer-
vical plexus and the spinal accessory nerve. Retrac-
tion of the omohyoid and the lateral edge of the
sternocleidomastoid assists in identification of the
phrenic nerve on the ventral aspect of the anterior
scalene muscle. Following the phrenic nerve superi-
orly leads to identification of the upper roots of the
plexus. The remainder of the dissection consists of
exposing the plexus in an inferolateral fashion while
preserving the suprascapular, transverse cervical,
and dorsal scapular arteries.

The cords and terminal branches are best exposed
through an infraclavicular incision beginning at the
superior margin of the clavipectoral groove and
directed laterally and obliquely inferior to the ante-
rior axillary fold. Access to the cords and terminal
branches adjacent to the axillary artery is achieved
by reflection of the pectoralis minor or caudal retrac-
tion of the clavicle and subclavius muscle.

Repair

After adequate operative exposure is obtained, the
suspected avulsions, disruptions, and neuromas are
identified for additional evaluation and primary
repair. Electrophysiologic assessment is performed
to determine whether exposed roots are in continu-
ity with the spinal cord. Somatic evoked potentials
from stimulation of muscle groups are measured by
using electrodes placed on the parietal aspect of the
scalp. Nerve conduction across an area of injury,
including neuromas, is measured. The lesion is
repaired if there is significant conduction loss
(greater than 50%). Those with less conduction loss
are usually first- or second-degree injuries that will
improve with time. Microsurgical neurolysis is indi-
cated for any neuroma that has some degree of nerve
conduction (neuroma in continuity). Intraneural
compression from fibrosis is relieved by meticulous
decompression with evidence of fascicular release. If
after adequate dissection there is still no conduction
or incomplete conduction—as assessed by the degree
of muscle contraction—the defect is assumed to be
a grade III or IV lesion and the neuroma is excised.
The proximal nerve is resected back to normal-
appearing fascicles. The viability of an avulsed
nerve stump can be assessed by intraoperative
frozen-section analysis or by direct electrical stimu-
lation. The presence of dorsal root ganglion cells by
frozen section or response to stimulation excludes
the possibility of avulsion. This nerve root can be
used as an intraplexal motor donor.

Nerve conduits (nerve grafts, veins, and bio-
absorbable tubes) can be used to restore continuity

and promote regeneration by direct interposition.
Common sites for nerve graft harvest include the
sural, sensory branch of C4, great auricular, super-
ficial radial, lateral femoral cutaneous, and medial
antebrachial cutaneous nerves. If there is inferior
avulsion of the plexus with confirmed preganglionic
injury, the ulnar nerve may be used as a nerve trans-
fer or as a free vascularized nerve graft for
intraplexal repair. Establishment of the internal 
orientation is accomplished with the aid of distal
neurolysis, awake stimulation, intraoperative
immunohistochemical stains, and precise attention
to anatomy.

When avulsion injuries are encountered, nerve
transfers from functional nerve roots (neurotization)
are performed to allow motor or sensory input to
damaged nerves. Ruptured nerve roots provide an
intraplexal donor for interposition grafting to distal
lesions. Extraplexal motor donors available for
transfer include the phrenic, hypoglossal, and spinal
accessory nerves; the motor and sensory branches 
of the cervical plexus; and the third through sixth
intercostal nerves. The contralateral spinal acces-
sory nerve and the nerve roots of C7 through cross-
thoracic transfer with interposition nerve grafts
provide additional motor donor nerves.

Reconstruction is designed to provide maximal
useful function of the limb rather than complete
repair of all structures involved. Injuries resulting
from complete avulsion of all the roots and multiple
disruptions of the distal portions of the plexus make
recovery unpredictable. Reconstruction should be
aimed at restoration of at least two muscle groups
that can provide functional ability for carrying
objects, retracting the limb from danger, and stabi-
lizing the limb. Restoration of muscle function
should be prioritized. The highest priority is preser-
vation of elbow flexion. Next in importance is stabi-
lization of the shoulder—possibly by nerve transfers
to the supraspinatus and deltoid muscles. The third
priority is reconstruction of median-innervated
motor and sensory function. Because recovery of the
intrinsic function of the hand is usually poor, repair
of the ulnar nerve is of low priority.

Posttraumatic Brachial Plexus
Reconstruction

A few generalizations can be made about the timing
and approach to repair, but each brachial plexus
injury requires individual assessment and specific
treatment. Acute open injuries should be explored
immediately to assess for associated vascular injury
and to repair sharply transected nerves. These
injuries have the best recovery if repaired within 24
hours. In closed injuries in which vascular damage
is not suspected, nerve function can be reassessed
within 2 to 3 weeks. Determination of nerve root
avulsion is essential because this form of injury does
not connote a good prognosis without surgical inter-
vention (Fig. 3).
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Considerations during microsurgical repair are as
follows: (1) avulsed roots require neurotization of
their distal defects, (2) postganglionic ruptures are
coapted with viable proximal stumps via nerve
grafts, (3) similar-caliber nerve transfers and con-
duits are used for maximal reconstructive results,
(4) motor and sensory topographic integrity is main-
tained during neurorrhaphy, and (5) restoration of
elbow flexion and shoulder stabilization is given
reconstructive priority.

TOTAL AVULSION. Root avulsion of C5-T1 allows
minimal options for reconstruction because of the
lack of intraplexal donors. To stabilize the shoulder
and allow elbow flexion, the supraspinatus, deltoids,
and biceps take priority in repair. Direct neurotiza-
tion of the suprascapular nerve with the spinal
accessory nerve and transfer of three intercostal
nerves to the anterior division of the upper trunk
will allow elbow flexion and protective sensation of
the hand via the musculocutaneous and the lateral

MANAGEMENT OF TRAUMATIC BRACHIAL PLEXUS INJURIES

CLOSED OPEN

Immediate exploration
bony fixation and

repair of vascular injuries

Significant concomitant
soft tissue injury

Delayed
reconstruction

Delayed
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Splinting
PT

Functional
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Splinting
therapy

Assess functional
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Figure 3 • Management of traumatic brachial plexus injuries. EMG, electromyography; NCS, nerve con-
duction study; SSEP, somatosensory evoked potentials.
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avulsion with upper root rupture. In this scenario,
the viable upper roots can be used to relay informa-
tion by nerve grafts to the cords or the proximal divi-
sions of the plexus and by neurotization of the lower
trunks via the intercostal nerves and the supra-
scapular nerve via the spinal accessory nerve. Neu-
rotization of the lower plexus is accomplished in a
fashion that allows continuity with the middle trunk
if there is a successful nerve graft to the upper
trunk. Otherwise, direct neurotization to the mus-
culocutaneous nerve is performed. The defect from
a rupture at C5 can be repaired with cabled sural
nerve grafts from C5 to the superior trunk of the
plexus.

If avulsion of the C5 and C6 donor nerves has
occurred, alternative measures such as contralat-
eral C7 transfer may be considered. Moreover, 
priority may be given to neurotization of the 
musculocutaneous nerve with transfers from fasci-
cles of the ulnar nerve or intercostal nerves.

In addition to operative repair of primary
brachial plexus injuries, secondary reconstruction 
is performed to compensate for irreparable nerve
injuries, such as in patients who have sustained
massive destruction of the plexus, who have failed
primary repair, and who are initially seen with an
unrepaired primary injury within 12 months of
injury. Secondary procedures consist of transferring
functional muscle groups to positions that effec-
tively restore the resultant nerve deficit. Such trans-
fers are performed mostly to restore elbow flexion
and external rotation of the shoulder. Transfer of the
insertion of the latissimus dorsi, pectoralis major, or
triceps muscles onto the biceps tendon can augment
flexion at the elbow.

Shoulder dysfunction stems from a combination
of scar contracture around the joint capsule and loss
of the external rotators supplied by the upper
plexus. Release of the contracture and removal of
the fibrosis may be of initial benefit. Simultaneously,
transfer of the origins of the latissimus dorsi and
teres major to a posterior position on the humerus
allows external rotation of the shoulder. Free 
functional muscle grafts are useful options for
restoration of elbow flexion and hand function; the
contralateral latissimus dorsi, rectus, and gracilis
are used as functional donors. At the time of explo-
ration, the ipsilateral spinal accessory nerve, the
intercostal nerves, or the contralateral C7 root (via
cross-thoracic grafts) can be banked in the medial or
lateral antecubital fossa for later neurotization with
free muscle flaps.

Obstetric Brachial Plexus
Reconstruction

Primary reconstruction is attempted in any patient
who presents at 3 months of age with complete
paralysis, has two muscle group deficits (shoulder
rotators, elbow flexor, etc.), or demonstrates weak-
ness that has not improved by 6 months (Fig. 5).

portion of the median nerve. Alternatives include
direct intercostal neurotization of the musculocuta-
neous nerve and the use of contralateral C7 or ipsi-
lateral cervical plexus motor donors to neurotize the
axillary and medial nerves.

UPPER ROOT AVULSION. Reconstruction for com-
bined preganglionic injury to C5/C6 or C5/C6/C7
involves the same principles applied to restoration
of shoulder stabilization and shoulder flexion. The
suprascapular nerve is neurotized by the ipsilateral
spinal accessory, and priority is directed toward
reconstruction of the musculocutaneous, axillary,
and medial nerves with intercostal nerves. If the C7
root is intact, it can be completely or partially sac-
rificed (Fig. 4) to reconstruct the upper trunk. The
distal C7 targets are neurotized by extraplexal
donors (ipsilateral cervical motor nerves, intercostal
nerves). When the C7 root is damaged, a viable
ulnar nerve can also be used for distal transfer to
the musculocutaneous nerve.

LOWER ROOT AVULSION. Patients with avulsion of
the C8/T1 roots must be counseled early that lower
root injuries portend a poor prognosis and restora-
tion of hand function may necessitate multiple oper-
ative procedures. The intercostal nerves are used to
neurotize the medial cord and the motor portion of the
medial or ulnar nerves. If the C7 root is avulsed, it
must be repaired with multiple intercostal grafts, and
the lower defects are repaired as described earlier.

RUPTURE. Postganglionic lesions usually occur
with concomitant avulsions of other roots of the
plexus. A common pattern of proximal brachial
plexus injury secondary to traction is lower root

Figure 4 • Brachial plexus repair following avulsion and
rupture of C5-C6. The suprascapular nerve is neurotized by the
spinal accessory nerve. The functional C7 root is split and used
as a donor for the anterior and posterior divisions of the upper
trunk via multiple sural nerve grafts.
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Neuromas are excised and viable nerve roots are
identified for neurotization. Intact roots assessed by
somatosensory evoked potentials are neurotized
with multiple sural nerve grafts to the upper and
middle trunk or their respective anterior and poste-
rior divisions.

The lesions that result from brachial plexus
injuries predominantly involve the upper roots. If
the C5 root is avulsed, the ipsilateral accessory
nerve is connected to the suprascapular nerve.
Rupture of the upper trunk is corrected by multiple
nerve grafts to the corresponding divisions from
intact C5 and C6 roots. If the C7 root is damaged,
the C6 root is joined to the middle trunk, the C5 root
is attached to the upper trunk, and the supra-
scapular nerve is neurotized with the accessory
nerve. When avulsions are severe and involve the
entire plexus and when intraplexal donors are
unavailable, extraplexal donors are used (e.g., the
intercostal, phrenic, hypoglossal, and contralateral
C7 and axillary nerves.

Birth 
Diagnosis of injury

Radiographic studies
Neurological evaluation

Monthly physical medicine evaluation

No significant improvement Significant improvement

Continued  
improvement

No further  
improvement

3-9 months
Brachial plexus exploration
and primary reconstruction

Physical therapy
implementation

Physical therapy implementation
Further improvement

Improvement Lack of improvement in
certain muscle groups

��18months
Secondary reconstruction

Contracture releases and tendon transfers
Additional neurotization

Physical therapy

Figure 5 • Management of obstetric brachial plexus injuries.

When recovery after primary reconstruction or
nonsurgical management is incomplete, secondary
deformities resulting from contracture may arise;
because of the nature of upper plexus deficits,
patients are usually fixed in an internally rotated,
adducted position. Secondary reconstruction, per-
formed at least 12 months after primary reconstruc-
tion or at 18 months of age, is designed to release the
periglenoid contracture and restore abduction and
external rotation with muscle transfers.

Correction of the majority of secondary defects
can be accomplished with release of the subscapu-
laris and pectoralis at the humerus. The axillary
nerve is freed of scar by microneurolysis, followed by
transfer of the teres major and latissimus dorsi to
the posterior aspect of the humerus to allow exter-
nal rotation (Fig. 6). Elbow flexion is restored with
partial triceps transfer and lengthening. Tendon
transfers in the forearm are also performed to repair
hand deficits. A schematic of possible secondary pro-
cedures is outlined in Table 3.
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Outcomes

Functional recovery is related to the type of injury,
the age, and the timing and type of repair. In post-
traumatic reconstructions, the prognosis is best in
young patients with short denervation times (<6
months). Favorable outcomes in both traumatic and
obstetric injuries are seen in patients who sustain
upper plexus injuries with fewer avulsions and no
associated bony or vascular injury. The better prog-
nosis with upper root palsies than with lower root
palsies is the result of preserved hand function and
closer muscle targets. Concomitant injury to the
subclavian vessels results in ischemia to the limb
and excessive scar formation that worsens the nerve
injury.

Intraplexal donors are superior to extraplexal
donors. Microneurolysis and interposition grafting
are more successful than coaptation grafting. Direct
neurotization with specific targets has produced
results superior to those of intraplexal nerve 

grafts. Coaptation of the spinal accessory with the
suprascapular nerve together with neurotization of
the musculocutaneous nerve with the intercostal
nerves provides reproducible restoration of shoulder
and elbow function. The prognosis is improved with
the use of similar-caliber donor and recipient nerves 
and with distal transfers. Coaptation closer to the
muscle end-plate allows less dispersion of donor
nerve fibers and provides more specific muscle
targets.

In obstetric brachial plexus repair, the greatest
improvement in deltoid, biceps, and triceps function
occurs with primary brachial plexus repair. Upper
plexus (C5/C6) injuries have a better prognosis than
lower plexus (C7/C8/T1) injuries, and the number of
avulsions is inversely correlated with the amount of
improvement after surgery.

In secondary reconstructions, there is a marked
improvement in abduction and external rotation
after surgery for obstetric brachial plexus injuries.
Success is independent of whether previous therapy
was instituted, including primary reconstruction.

Axillary
neurolysis

Teres major
transfer

Subscapularis
release Pectoralis major

release

Figure 6 • Secondary repair, the quad procedure: (1) release of the subscapularis and pectoralis at the humerus, (2) axillary
nerve microneurolysis, (3) tendon transfer of the teres major and (4) latissimus dorsi to the posterior aspect of the humerus.
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Pearls and Pitfalls

• Repair of brachial plexus injuries depends on
the time between initial evaluation and injury
and requires multimodal therapy to restore
useful function to the upper extremity.

• Acute open injuries are explored immediately
to repair bone and vascular injuries. Nerve
repair at that time is performed only if easy
tension-free coaptation can be accomplished
between cleanly transected nerves. Otherwise,
secondary exploration is performed after
failure of recovery or neurophysiologic testing.

• Closed injuries undergo evaluation for 3 weeks;
they are explored if no recovery is gained and
reassessed monthly if partial recovery is
evident.

• Patients who fail primary repair or are initially
evaluated after 1 year may still have hope for
recovery with secondary muscle transfers.

TABLE 3 Secondary Reconstruction: Indications and Methods

SECONDARY RESIDUAL 
DEFORMITY SECONDARY QUAD PROCEDURE

Internal rotation Muscle transfers to the teres minor
Shoulder adduction Latissimus dorsi
± Scapular winging Teres major
± Biceps contracture Muscle releases

Subscapularis
Pectoralis major and minor

Axillary nerve neurolysis and decompression
Poor elbow extension Nerve exploration and neuroplasty

Radial nerve
±Tendon transfers

Poor extension of the Tendon transfers
wrist and digits

Poor elbow extension PT Æ ECRB
FCR Æ EDC
PL Æ EPL

± Wrist capsulodesis
Poor elbow flexion Nerve exploration and neuroplasty
Poor supination Radial nerve

Musculocutaneous nerve
± Nerve transfers

Elbow flexion contracture Biceps lengthening after failed serial cast splinting
Poor flexion of the wrist Nerve exploration and neuroplasty

and fingers Median nerve
Ulnar nerve

± Free muscle transfers

ECRB, extensor carpi radialis brevis; EDC, extensor digitorum communis; EPL, extensor pollicis longus;
FCR, flexor carpi radialis; PL, palmaris longus; PT, pronator teres.
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Approximately 7000 malignant musculoskeletal
neoplasms are diagnosed annually in the United
States, but neoplasms of the hand and wrist are
uncommon. It is estimated that 4% of malignant and
15% of benign musculoskeletal neoplasms involve
the hand and wrist. It is imperative that clinicians
be aware of the characteristics of musculoskeletal
malignancy so that these potentially fatal lesions
are not overlooked. Because of the rarity of these
malignant neoplasms, periodic review of their char-
acteristics and treatment protocols is incumbent on
all who treat hand and wrist complaints. Most prac-
ticing hand surgeons come in contact with few hand
and wrist malignancies during their careers. There-
fore, it is recommended that community surgeons
refer malignant neoplasms of the hand and wrist 
to medical centers accustomed to treating such
patients.

Progress in chemotherapy, radiation therapy,
oncologic surgical procedures, and free tissue trans-
fer techniques has ushered in an era of limb salvage
for malignant hand and wrist neoplasms. Fortu-
nately, most benign neoplasms of the hand and wrist
can be treated by marginal surgical resection
without fear of recurrence. The focus of this chapter
is to outline treatment principles of the more
common hand and wrist neoplasms and the recon-
structive alternatives available for limb salvage
surgery.

Diagnostic Studies

Neoplasms of the hand and wrist can be character-
ized as either benign or malignant. Ultimately, 
histologic grade based on the tumor’s malignant
characteristics finalizes diagnosis (Table 1).

The first step in the evaluation of any suspected
neoplasm is a complete physical examination,
including inspection and measurement of the mass
and identification of any overlying skin changes.
Masses larger than 5 cm with associated pain and

Tumors of the Hand and Wrist
PETER M. MURRAY

recent, rapid growth are particularly worrisome.
The evaluation should proceed with a neurovascular
examination of the affected limb to assess compres-
sion of the nerves and vessels. Patients identified
with primary bone tumors should be evaluated by
serum and protein electrophoresis to rule out myelo-
proliferative disorders such as multiple myeloma.

The evaluation should include biplanar radiogra-
phy with imaging of the hand, wrist, and forearm,
including the joints above and below the tumor.
Benign soft tissue lesions do not typically involve
bone; however, cortical erosion of the metacarpals or
phalanges is not unusual in some slow-growing
lesions. High-grade soft tissue sarcomas frequently
invade surrounding bone. Primary tumors of bone
show either distinct or nondistinct margins, and
“cortical breakthrough” is an ominous sign suggest-
ing extension of bone tumor into soft tissue (Fig. 1).
Such extension is generally seen with malignant
tumors or locally aggressive benign tumors. Bones
with tumors destroying more than 50% of the cortex
are at substantial risk for pathologic fracture.

Suspected malignant tumors require additional
imaging studies. If the lesion is a primary tumor of
bone, a non–contrast-enhanced computed tomo-
graphic (CT) scan is helpful in determining tumor
location and destruction. It is important for the

TABLE 1 Histologic Grade and Tumor

Characteristics

Grade 0 Benign
Grade 1 Low grade Few mitotic figures, mostly 

mature cells
Grade 2 High grade Many mitotic figures, many 

immature cells, tumor 
necrosis

From Enneking WF, Spanier SS, Goodman MA: A system for the surgi-
cal staging of musculoskeletal sarcoma. Clin Orthop 153:106-120,
1980.
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consultation with a medical oncologist should be 
initiated prior to biopsy of the tumor.

The tumor workup should help the surgeon iden-
tify the most appropriate anatomic site for biopsy,
usually where the most representative tumor spec-
imen can be obtained with the least difficulty. If
metastatic lesions have been identified, the biopsy
may be quite removed from the hand and wrist.

Benign lesions of the hand and wrist can be
treated by excisional biopsy in the community
setting. Biopsy of the suspected lesion is the most
important step in establishing the diagnosis and ini-
tiating treatment, and the biopsy should be under-
taken at the institution performing the definitive
surgery.

Surgical Technique

The biopsy incision must be linear and reserved.
Extended, transverse incisions are unacceptable
because if malignant, the entirety of the biopsy tract
is contaminated with tumor cells and must be
excised at the time of tumor resection. Transverse
incisions can complicate and jeopardize attempts 
at limb salvage. Meticulous hemostasis must be
observed during biopsy.

If the surgeon is confident that the tumor is
benign, regional or even local anesthesia can be con-
sidered. When performing the biopsy of a suspected
malignancy, general anesthesia is preferred over
regional anesthesia because needle puncture of the
extremity can facilitate spread of malignant tumor
by contaminating the intervening soft tissue struc-
tures as the needle passes through vascular or 
lymphatic channels containing tumor cells. Exsan-
guination of the extremity is not performed in the
presence of a suspected malignant or aggressive
benign lesion for fear of disseminating tumor cells.
The arm is elevated for 1 to 2 minutes before inflat-
ing the tourniquet to 250 mm Hg. 

For primary bony lesions, the cortex of the bone
is perforated with a fine drill, creating an oval,
thereby placing the least amount of stress on the
bone. Small curets are then used to remove a spec-
imen, or a syringe is used if the tumor is liquid in
consistency. In addition, cultures should be obtained
because many soft tissue infections can be mistaken
for tumor.

Reconstructive Goals

The ultimate goal of hand and wrist tumor surgery
is complete removal of the lesion while preserving
as much function as possible. In general, hand and
wrist reconstruction is accomplished by two dis-
tinctly different surgical methods: amputation and
limb salvage. The ablative procedure required (Table
2) is dependent on the extent of tumor infiltration
and the functional demands of the patient. For most

surgeon to specify the limits of the CT scan so that
the entirety of the tumor is included in the study.
CT scans should be obtained in the axial, coronal,
and sagittal planes with 1-mm cuts; a three-
dimensional reformat may also be helpful.

Magnetic resonance imaging (MRI) is the study
of choice for soft tissue tumors. The lesion is exam-
ined with T1 axial, T1 best long axis, T2 axial,
proton density, STIR (short tau inversion recovery),
and fat-suppressed post–gadolinium-enhanced T1
sequencing. T1 imaging provides enhanced soft
tissue detail, whereas blood, pus, and malignant
tumors show signal enhancement on T2 imaging.
Malignant soft tissue lesions have an inhomoge-
neous appearance on MRI. Fat enhances on both T1
and T2 sequencing. In the case of a suspected vas-
cular tumor, conventional arteriography is generally
necessary to define the often tortuous and complex
anatomy of the lesion. In some instances, selective
embolization of vascular channels may be indicated
to facilitate tumor resection or even biopsy.

If the imaging studies support the possibility of a
malignant neoplasm, a metastatic workup should be
performed, including a bone scan and chest and
abdominal CT scans. If malignancy seems likely,

Figure 1 • Giant cell tumor of the distal end of the radius
demonstrating cortical breakthrough.
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benign lesions, intralesional or marginal resection is
all that is necessary. For malignant lesions, wide or
radical resection is typically performed. The terms
“wide resection” and “radical resection” are difficult
to apply to hand and wrist surgery because the hand
and wrist are not compartmentalized in the classic
anatomic sense. Many structures in the hand and
wrist are contiguous with structures that traverse
through the forearm, thereby defining compartmen-
tal resection of the hand as an above-elbow ampu-
tation. Certain principles of limb salvage surgery,
however, can be applied.

Digits

Malignant tumors involving any portion of a digit
are best treated by ray amputation, with the excep-
tion of malignant tumors at the level of the distal
phalanx, which can be treated by transverse ampu-
tation. Partial amputation proximal to the level of
the flexor digitorum superficialis insertion is often
functionally and cosmetically undesirable. For
example, amputation of the index finger at the 
proximal interphalangeal joint often results in the
patient “bypassing” the digit for the intact long
finger. Amputation of the long or ring finger at the
metacarpophalangeal level hinders fine manipula-
tive tasks.

Wrist

At the wrist, the reconstructive goal is to maintain
pain-free stability. If stability with mobility cannot
be accomplished after resection of the tumor, wrist
arthrodesis may be the best surgical option for
maintaining function. For example, if a substantial
portion of the distal end of the radius or ulna is
removed with the bony tumor or if portions of the
wrist extensor tendons are sacrificed during tumor
resection, wrist arthrodesis is the favored recon-
structive option. A stable wrist held in approxi-
mately 15 degrees of extension is paramount in
regaining prehensile function of the digits. An
unstable, painful, or malpositioned wrist adversely
affects the patient’s grip and digital function.

Coverage and Bone Defect
Reconstruction

In wide or radical tumor resection about the hand
and wrist, vital structures may become uncovered.
Additionally, epitenon, periosteum, epineurium, and
vascular adventitia are not suitable for supporting
skin grafts. If appropriate coverage is not provided
for these structures, hand and wrist function may
be severely compromised. In this setting, complica-
tions such as infection or nonhealing wounds can
occur and result in amputation. With an exposed
nerve or tendon, a fasciocutaneous flap provides
durable tissue and a gliding surface. For the dorsum
of the hand and wrist and for the palm, one can 
consider a pedicled radial forearm fascial flap. 
Free tissue coverage alternatives can include a 
temporoparietal fascial flap, a serratus anterior free
muscle transfer, and a rectus abdominis free flap. No
matter what option is chosen, immediate coverage
of all major neurovascular structures, bone, and
tendon is necessary.

Bone defects frequently result from removal of
either benign or malignant bone tumors. Excision of
benign lesions such as giant cell tumors of bone and
aneurysmal bone cysts may create substantial bone
defects. In addition, malignant tumors requiring
wide resection can leave massive bone defects. The
success of limb salvage surgery rests on the ability
of the surgeon to reconstruct these defects. Bone
defects smaller than 6 cm in length are reconstructed
with conventional bone grafting techniques, such as
an autogenous iliac bone graft or bone substitutes.
Allografts are less desirable alternatives. Defects
larger than 6 cm are reconstructed with vascularized
bone flaps such as a free fibula transfer.

Treatment

Treatment of tumors of the hand and wrist is indi-
vidualized according to the neoplasm. With few
exceptions, benign tumors may be treated by mar-
ginal resection. Malignant tumors are treated by

TABLE 2 Tumor Procedure Required for Reconstruction

PROCEDURE DISSECTION METHOD CONDITION OF MARGIN

Intralesional Debulking or curettage of lesion or amputation Tumor present at margin
resection through lesion

Marginal resection En bloc resection/amputation within reactive zone No gross tumor, microextension of tumor
Wide resection En bloc resection/amputation with perimeter of Normal tissue at margin. Micro–skip 

normal tissue removed lesions may be present
Radical resection En bloc resection/amputation of compartment Normal tissue

Adapted from Enneking WF, Spanier SS, Goodman MA: A system for the surgical staging of musculoskeletal sarcoma. Clin Orthop 153:106-120, 1980.
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wide or radical resection with preservation of as
much function as possible. In the hand, such a resec-
tion may include a ray or double ray amputation.
Patients treated in this manner are generally can-
didates for adjuvant or neoadjuvant treatment.
Alternatively, above- or below-elbow amputation can
be considered.

Benign Tumors of Soft Tissue

Ganglion cysts account for 60% of all tumors of the
hand and wrist. Women are three times more likely
to be affected, and they are unusual in children. The
cause of ganglions is unknown. The most common
location is the dorsal aspect of the wrist, with the
majority of such ganglions emanating from the
scapholunate interosseous ligament. Other common
sites for ganglion cysts are the volar radial aspect of
the wrist and the flexor tendon sheath. Treatment
options include observation, aspiration, and exci-
sion. Pain, limited motion, or recurrence after aspi-
ration is considered an indication for excision.

Ganglion cyst surgery can be performed under
local anesthesia with intravenous sedation. A trans-
verse or linear incision is used to approach a cyst on
the dorsum of the wrist, whereas a linear incision is
preferred for a volar radial ganglion. Bruner’s inci-
sion is used for ganglions of the flexor tendon
sheath. The key to successful ganglion surgery is
complete dissection and removal of the stalk, along
with a small portion of the adjacent joint capsule. In
the case of a dorsal wrist ganglion, the stalk usually
arises from the capsule of the radiocarpal joint. The
defect created in the capsule is left open, the tourni-
quet is released, hemostasis is achieved, and the
wound is closed. Ganglion cysts excised in this
manner have recurrence rates as low as 4%, versus
a 50% recurrence rate associated with aspiration
alone.

Giant cell tumor of the tendon sheath is the second
most common tumor of the hand and wrist region
and most commonly occurs in women between the
ages of 30 and 50. Histologic features include mul-
tinucleated giant cells, histiocytes, and hemosiderin
pigmentation. This benign lesion does not metasta-
size but recurs in 5% to 10% of cases. In larger
lesions, MRI of the affected digit is helpful to define
the location because the tumor can arise dorsally or
volarly and spread around the margins of the finger.
A volar Bruner’s approach is preferred, but a
straight dorsal or midlateral approach can also be
used (Fig. 2). The key to removal of a giant cell
tumor of the tendon sheath is awareness that the
lesion may extend into the proximal or distal inter-
phalangeal joints. Removal of intraarticular exten-
sions, as well as isolated, adjacent lesions in the
surrounding tissue, is an important factor in pre-
venting recurrence. Marginal resection is preferred
for these tumors.

Epidermal inclusion cysts are the result of trau-
matic impregnation of epithelial cells beneath the

skin of the fingertips or directly into the distal
phalanx. The cysts grow slowly and painlessly,
although painful lesions can occur. The lesions most
commonly affect the thumb and the long finger in
men in the third and fourth decades of life. Simple
excision of the cyst may be performed under local or
regional anesthesia. Extended incisions over the pad
of the finger are to be avoided.

Lipomas of the hand may be large in size. These
tumors are usually painless; however, when they
extend into the carpal tunnel, signs and symptoms
of carpal tunnel syndrome may occur. Treatment is
excision. Exposure of the superficial palmar arch,
the common digital arteries, and the common digital
nerves is required. Preoperative MRI is helpful in
determining the anatomic extent of these lesions.
Recurrence is unusual.

Neurilemoma is the most common peripheral
nerve sheath tumor. It is twice as common in the
upper extremity as in the lower extremity. Neuri-
lemomas are more frequently seen on the flexor
surface of the hand and forearm and can be mis-
taken for ganglion cysts. Patients usually have a
painless mass, although some (50%) have paresthe-
sias; Tinel’s sign can often be elicited over the lesion.
The lesion arises from Schwann cells and is slow
growing. Lesions are easily dissected from the adja-
cent nerve. Resection is best performed with the aid
of loupe magnification or the operating microscope.
In most cases, these lesions can be successfully
removed with only a small risk for postoperative
neurologic deficits.

Figure 2 • Bruner’s incision to expose a giant cell tumor of
the tendon sheath.
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Hemangiomas are composed of proliferations of
endothelial cells and are generally present by the
first month of life. Involution of hemangiomas occurs
during childhood, with 70% resolving by 7 years of
age. Some lesions persist into adulthood, frequently
with overlying skin changes. The lesions can be 
distinguished from vascular malformations by the
history and clinical examination. Arteriography,
contrast-enhanced CT scanning, or MRI can be
helpful. When symptomatic, hemangiomas are
treated by marginal excision, with care taken to
isolate and ligate all vascular tributaries. Diffuse
lesions have a much higher recurrence rate, and
large lesions with multiple recurrences may require
amputation.

Glomus tumors are a rare tumor that can occur
in the subungual area. They originate from the
myoepithelial cells of an arteriovenous anastomosis.
Small tumors present as a painful nail exacerbated
by exposure to cold. They can be extremely tender.
Larger tumors give a blue hue to the nailbed and
can deform the nail. Diagnosis is by history; plain
radiographs may show contour changes in the distal
phalanx. Further diagnosis is made by MRI showing
an enhancing subungual mass. Treatment is by exci-
sion, with care taken to preserve the nail bed.

Benign Tumors of Bone

An aneurysmal bone cyst (ABC) is a primary bone
tumor believed to result from hemodynamic abnor-
malities. Approximately 80% of ABCs develop
within the first 2 decades of life. The hand and wrist
region account for only 5% of all ABCs, and the
metacarpals and phalanges are the most common
site. Patients typically have pain and swelling. On
radiographic examination, cortical expansion is
often seen with a sclerotic rim on the remaining
cortex (Fig. 3). Marginal curettage of the bony cavity
has resulted in recurrence rates approaching 60%.
Enhanced cure rates have been reported with the
addition of adjunctive cryosurgery to standard 
marginal curettage. Cryosurgery (liquid nitrogen)
causes tissue necrosis through rapid freezing to
destroy any remaining tumor cells. The remaining
defect is filled with autogenous bone graft. Recur-
rent lesions may necessitate removal of the entire
phalanx or metacarpal and reconstruction with an
autogenous, tricortical iliac bone graft or a non-
vascularized fibular graft. A less desirable option is
the use of allograft bone or bone substitute.

Enchondroma is the most common bone tumor of
the hand and wrist and accounts for more than 90%
of all hand and wrist bone tumors. The tumors are
asymptomatic and usually discovered by coincidence
or after pathologic fractures. The lesions are radi-
ographically located in the medullary portion of the
bone and are well circumscribed; cortical expansion
and punctate calcifications are seen frequently. The
presence of multiple enchondromas in the same
extremity typically implies the diagnosis of Ollier’s

disease, whereas Maffucci’s syndrome is a rare 
condition with multiple enchondromas and heman-
giomas. Malignant transformation of solitary
enchondromas is very rare, but malignant transfor-
mation of enchondromas has been reported in as
many as 30% of patients with Ollier’s disease or
Maffucci’s syndrome.

For enchondroma lesions compromising greater
than 50% of the cortex, impending pathologic 
fracture is a concern. In patients with a pathologic
fracture, splint immobilization is usually adequate
to obtain healing. In some instances, open reduction/
internal fixation or closed reduction/percutaneous
pin fixation of the fracture may be necessary. After
healing is achieved, resection and autogenous 
bone grafting are indicated. Failure to address the
enchondroma places the patient at risk for recurrent
pathologic fractures.

The enchondroma is removed by intralesional
curettage. Lesions of the proximal phalanges and
the metacarpals are generally approached dorsally
through a midline incision. Recurrence rates for
lesions treated in this fashion are 4.5%. Alterna-
tively, excellent results have been reported after
using allograft bone or leaving the defect devoid of
material. Healing of the defect after curettage and
grafting can be expected in approximately 6 weeks.

Giant cell tumor of bone in the hand is uncom-
mon, but approximately 14% of all giant cell tumors
occur in the wrist. Although these neoplasms are
benign, they may display aggressive characteristics
such as local recurrence, bone destruction, and
distant metastasis. When identified in the hand and
wrist, the lesions are typically painful and can cause
local swelling. On radiographic examination, the
tumor is lytic with cortical enlargement and indis-
tinct boundaries (see Fig. 1).

Figure 3 • Cortical expansion caused by an aneurysmal bone
cyst in the fourth metacarpal of a child.
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Traditional treatment by simple intralesional
curettage and bone grafting has resulted in recur-
rence rates approaching 80%. When used in con-
junction with either cryosurgery or cementation,
however, curettage of the lesion results in reduced
recurrence rates, but the lowest recurrence rates
have been reported with wide excision and appro-
priate reconstruction.

The classic giant cell tumor of bone in the wrist
occurs in the distal end of the radius. Wide excision
is accomplished through a dorsal approach, with
preservation of the extensor tendons. The distal
third of the radius is osteotomized and removed
along with the pronator quadratus muscle. The
wrist is reconstructed by arthrodesis. For defects
measuring 6 cm or less, a conventional autogenous
iliac crest or nonvascularized fibula graft can be
used. For larger defects, a vascularized fibula trans-
fer is preferred. Another alternative for larger
defects is conversion to a one-bone forearm. The
advantage of the free fibula transfer reconstruction
is the potential preservation of forearm rotation. For
giant cell tumors of the bones of the hand, optimal
results have been achieved after wide excision with
bone reconstruction or ray amputation.

Malignant Tumors of Soft Tissue

Despite differences in cell origin, soft tissue sarcomas
can be considered a related group of lesions by virtue
of their similar clinical behavior. Features such as the
mitotic index, extent of tumor necrosis, and cellular
anaplasia are predictive of the clinical behavior of
these tumors. The more common soft tissue sarcomas
seen in the hand are epithelioid sarcoma, synovial cell
sarcoma, and malignant fibrous histiocytoma, with
epithelioid sarcoma considered the most common.
Patients with soft tissue sarcomas may have either a

painless or a painful mass. Rapid growth is charac-
teristic, and soft tissue sarcomas can become sub-
stantial in size; however, epithelioid sarcoma may
occur as a relatively small nodule. It may also ulcer-
ate and thereby lead to a misdiagnosis of infection.
MRI is extremely helpful in the evaluation of soft
tissue sarcomas. The most common metastatic loca-
tion of soft tissue sarcomas is the lung.

The foundation of treatment of soft tissue sarco-
mas is wide surgical resection. Adjuvant radiother-
apy is considered highly effective in the treatment
of soft tissue sarcomas because the local recurrence
rate is reduced by approximately 50%. In contrast,
chemotherapy is currently of uncertain benefit in
the treatment of most soft tissue sarcomas. The
overall 5-year survival rate approaches 50% with
aggressive management.

Malignant Tumors of Bone

Chondrosarcoma is a slow-growing tumor of carti-
lage and is regarded as the most common malignant
tumor of the hand and wrist. Patients often have 
a slowly enlarging, long-standing painful mass.
Chondrosarcoma most commonly arises in the
metacarpals and the proximal phalanges. On radi-
ographic examination, cortical erosion with exten-
sion of tumor into soft tissue is usually seen. The
hallmark of chondrosarcoma is punctate calcifica-
tions within the lytic lesion of bone.

Chondrosarcoma does not respond to chemother-
apy or radiotherapy, and therefore surgery is the
only treatment. Wide local excision is the treatment
of choice, but ray amputation is preferred for lesions
of the metacarpals and proximal phalanges (Fig. 4).
One study of chondrosarcomas of the hand treated
in this fashion reported only a 11% recurrence rate
and a 0% metastasis rate.

A B

Figure 4 • Ray resection of the third digit. A, After resection. B, After closure and percutaneous pinning.
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involves more than 50% of the cortex of the bone,
impending pathologic fractures are a concern, and
prophylactic treatment is effective. Patients with
less than 3 months’ life expectancy can be treated by
marginal resection of the tumor supplemented by
internal stabilization. Radiation therapy can be con-
sidered for lesions in rapidly deteriorating patients.

Principles of Limb Salvage in the Hand
and Wrist

Because of the continuity of tenosynovium from the
hand to the elbow, true radical excision of malignant
tumors cannot be accomplished short of an above-
elbow amputation. Radical or even wide tumor
resections around the hand and wrist can be func-
tionally impractical. What constitutes radical and
what constitutes a wide resection in the hand and
wrist region remain contentious. Some have sug-
gested that 3- to 5-cm margins around the tumor are
appropriate if the lesions are sensitive to adjunctive
therapy. Margins such as these can afford a reason-
able attempt at salvage surgery.

For malignant lesions of the distal phalanx, a
transverse amputation at the level of the middle
phalanx, with sparing of the flexor digitorum super-
ficialis insertion if possible, can be considered. 
For malignant tumors at the level of the middle or
proximal phalanx, ray amputation is appropriate in
most circumstances. For malignant bone tumors 
of the fifth metacarpal or soft tissue sarcomas of 
the hypothenar eminence, ray amputation may be
appropriate if an adequate radial margin can be
obtained. A double ray amputation, including the
fourth and fifth ray, may be necessary.

The sensitivity of the tumor to adjunctive therapy
is an important factor in determining the surgical
margin. Similar principles can be applied to malig-
nancies of the second, third, and fourth metacarpals
or the intervening web spaces. In such situations,
maintenance of the thumb ray permits reasonable
fine motor skills, even after a double ray amputa-
tion. Ray amputations of the fourth ray, the fifth ray,
or both the fourth and fifth rays substantially dimin-
ish grip strength. For malignancies of the thenar
eminence, the first web space, or the first
metacarpal, first and second ray amputations may
be necessary to obtain adequate margins. Double
ray amputation of the first and second rays has pro-
found effects on fine motor skills, but reasonable
grip strength is maintained. Thumb reconstruction
procedures such as pollicization should be consid-
ered after first ray amputations. For first and fifth
ray amputation, coverage may be an issue. Although
local flaps are an option, free muscle transfer is
often a superior alternative, especially if postopera-
tive radiation therapy is necessary.

In certain advanced cases of bone or soft tissue
sarcoma, hand salvage surgery may not be possible,
and below-elbow or even above-elbow amputations
are necessary. An effort should be made to preserve

Osteosarcoma is the most common primary malig-
nant tumor of bone. However, it is rarely seen in the
hand. When present, it usually occurs in older
adults and typically affects the metacarpals and
proximal phalanges. Patients generally have a
rapidly enlarging, firm, fixed, and painful mass.
Radiographically, the lesions may be lytic, or they
have dense new bone formation (Fig. 5); extensive
cortical destruction is common. Treatment of hand
and wrist osteosarcoma includes wide excision or
amputation along with adjuvant chemotherapy.
Delays in initiating treatment have been shown to
decrease survival.

Metastatic involvement of the bones of the hand is
exceedingly rare, but metastatic spread to the bones
of the hand may be the initial finding of previously
undiagnosed cancer. Patients with metastatic
disease in the hand may or may not complain of
pain, and pathologic fracture may be the earliest
manifestation. The most common primary sites of
metastatic disease in the hand are the lung,
head/neck, and kidney. The bladder, breast, colon,
esophagus, prostate, ovary, and thyroid have also
been reported as origins for cancer metastases to 
the hand. The metastatic lesions may be lytic or
osteoproliferative on radiographic study. The
metacarpals and distal phalanges are the most
common locations. The majority of patients with
metastatic tumors of the bones of the hand have a
life expectancy of less than 6 months. Therefore,
treatment of these patients centers on pain relief
and preservation of hand and wrist function. For
lesions of the distal phalanx, transverse amputation
is appropriate, whereas more proximal lesions are
treated by ray amputation. If the metastatic tumor

Figure 5 • Osteosarcoma of the third metacarpal in a child.
Note the dense, sclerotic, osteoblastic nature of the neoplasm.
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• Aggressive sarcomas in the hand and wrist
region are often overlooked because of the
rarity of diagnosis. 

• Masses in the hand, although commonly
benign, must be taken seriously. 

• Especially suspicious are lesions larger than 5
cm, lesions displaying rapid growth, and
lesions that are painful. 

• MRI is a valuable diagnostic adjunct for soft
tissue lesions. The workup for suspected malig-
nant tumors should always include a bone
scan, chest and abdominal CT scans, and a
complete laboratory panel. 

• Most lesions metastasizing to the hand arise
from previously undiagnosed cancer.
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as much length as possible with a below-elbow
amputation. Preservation of forearm length can en-
hance below-elbow prosthetic fitting. Every attempt
should be made to preserve the elbow in upper
extremity amputations as patients with above-
elbow amputations do not often tolerate prosthesis.

Postoperative Care

Postoperative care of the patient is individualized
and depends on the nature of the tumor, the extent
of resection, and the complexity of the reconstruc-
tion. Tumor defects managed by free muscle trans-
fer are treated according to the standard
postoperative free flap protocol. Drains are left in
place 24 to 48 hours, and dressings are not changed
for 3 to 5 days if a split-thickness skin graft was
used. If a bone graft or free osseous transfer was
used in reconstruction of bone defects about the
wrist, strict postoperative immobilization is neces-
sary until radiographic signs of healing are present.
Digital motion and shoulder motion are encouraged
during periods of wrist immobilization. After a 3- to
5-day period of immobilization, active and passive
range of motion can be instituted following ray
amputations. For small benign soft tissue lesions,
complete return to all activities can generally be
anticipated shortly after suture removal. For benign
tumors of bone treated with bone grafting, a 4- to 6-
week period of immobilization is necessary before
the initiation of digital and wrist mobilization.

The most important aspect of postoperative man-
agement of malignant bone or soft tissue sarcoma is
follow-up evaluation, especially by a musculoskele-
tal oncologist. For soft tissue sarcomas, follow-up
should include MRI and a CT scan of the chest and
abdomen. For sarcomas of bone, a plain bone radi-
ograph, CT scan of bone, bone scan, and CT scans of
the chest and abdomen are necessary.

Pearls and Pitfalls

• The greatest pitfall in musculoskeletal tumor
oncology is misdiagnosis. 
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Rheumatoid arthritis is an inflammatory arthropa-
thy that affects bone, cartilage, ligaments, tendons,
subcutaneous tissue, and skin. Rheumatoid arthri-
tis frequently affects the upper limb, and specific
problems involving the upper extremity are best
managed in conjunction with a rheumatologist, hand
therapist, and hand surgeon. The aims of treatment
of the rheumatoid hand are guided by the patient’s
needs and activities, as they can vary greatly in
patients with similar clinical disease and deformity.

Etiopathogenesis

The specific cause of rheumatoid arthritis remains
unknown. HLA-DRB1 genes on chromosome 6 and
the major histocompatibility complex class II alleles,
which are associated with rheumatoid arthritis,
appear to affect susceptibility to the disease.

Hand-related disease in rheumatoid arthritis
begins with soft tissue synovitis. Each of the suc-
ceeding phases in the disease process can occur as 
a discrete event, but more often they tend to occur
together at varying rates of progression. These
events include synovial thickening (often with
pannus formation), degradation of articular carti-
lage and the underlying bone, ligamentous attenua-
tion and laxity, and eventually, joint deformity and
subsequent contracture. In the hand, evidence of
disease often extends beyond the joints: rheumatoid
nodules, stenosing tenosynovitis, tendon rupture,
and compression neuropathies. Furthermore, the
medications used to treat rheumatoid arthritis can
have deleterious effects on the skin and soft tissues
of the hands.

The synovium in rheumatoid arthritis is
inflamed, with an increased number of lympho-
cytes in the perivascular areas surrounded by
macrophages and plasma cells. There is a prolifera-
tion of synovial lining cells in association with
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marked angiogenesis. The substances released by
the synovium along with physical expansion of the
surrounding structures lead to the other pathologic
aspects in the disease. Pannus refers to a thickened
area of synovium that behaves in a locally aggres-
sive manner and causes destruction of ligaments,
articular surfaces, tendons, and bones. The articu-
lar surface is damaged not only by the direct effect
of the hypertrophic synovium but also by
prostaglandins and several cytokines released by
the inflammatory cells. The cytokines tumor necro-
sis factor-a (TNF-a) and interleukin-1 are present
in high quantities in rheumatoid synovial fluid 
and lead to a multitude of detrimental effects on 
the articular surfaces and underlying bones. The
cytokines also act as stimulants for the production
of matrix metalloproteinases, which have a direct
effect on matrix-rich tissues such as bone and 
cartilage.

The hyperplastic synovium and inflammatory
cells tend to expand and degrade the ligaments sur-
rounding affected joints. This impairs their ability
to maintain integrity of the joint and leads to addi-
tional destruction of the joint surface, pain, and
eventual loss of the normal, congruous gliding of
that joint, especially during loading. The force of the
musculotendinous units across the destabilized joint
subsequently leads to deformity of the joint and
resultant tightening of the previously lax ligaments
and tendons. Contracture of the joint may evolve
and ultimately force the articular surfaces into a
subluxed or dislocated position.

Synovial and joint pathology also cause other
effects on local tissues. The tendons can degrade to
the extent of rupture, not only because of the effect
of the inflamed hyperplastic synovium but also
because of the abnormal forces and line of pull
caused by joint subluxation. In addition, the excess
synovium can exert pressure on various structures
that pass through narrow regions and cause com-
pression neuropathies and stenosing tenosynovitis.
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Pathologic Anatomy

A rheumatoid hand can have varying degrees of
deformity. Early disease may simply show signs of
synovial thickening and pannus formation. In later
stages, patients may have severely deformed digits,
hands, and wrists with debilitating contracture,
pain, and joint disruption. The anatomic changes
often seen in a rheumatoid hand are summarized in
Table 1 and Figure 1.

Diagnostic Studies

The diagnosis of rheumatoid arthritis rests on clin-
ical assessment with confirmation by appropriate
laboratory studies. Criteria for the disease were 
formally established by the American College of
Rheumatology in 1988 (Table 2). The clinical activ-
ity of the disease has an impact on the timing of sur-
gical intervention. Clinical assessment of the hand,
including complete functional evaluation, is critical
for planning both physical therapy and surgical
treatment. This assessment is often made in con-
junction with a hand therapist. A directed physical
examination of a rheumatoid hand is outlined in

TABLE 1 Pathologic Anatomy

ANATOMIC SITE ANOMALY

Wrist Dorsal subluxation of the 
ulnar head

Radial subluxation, palmar 
flexion, ulnar translocation, 
supination, and palmar 
subluxation of the 
carpus on the distal end of 
the radius

Extensor tendons Tendon rupture
de Quervain’s stenosing 

tenosynovitis
Flexor tendons Stenosing tenosynovitis

Tendon rupture, especially 
the flexor pollicis longus 
and flexor digitorum 
profundus tendons to the 
index finger

Metacarpophalangeal Ulnar deviation
joints of the fingers Volar subluxation

Intrinsic shortening
Fingers Swan neck deformity

Boutonnière deformity
Thumb Boutonnière deformity

Swan neck deformity
Radial deviation at the first 

metacarpophalangeal joint

TABLE 2 Revised Criteria for 

Classification of Rheumatoid Arthritis

(Traditional Format)*

CRITERIA DEFINITION

1. Morning stiffness Morning stiffness in and 
around the joints that lasts 
at least 1 hour before 
maximal improvement

2. Arthritis of 3 or At least 3 joint areas 
more joint areas simultaneously have had 

soft tissue swelling or fluid 
(not bony overgrowth alone) 
observed by a physician. 
The 14 possible areas are 
the right or left PIP, MCP, 
wrist, elbow, knee, ankle, 
and MTP joints

3. Arthritis of the At least 1 area swollen (as 
hand joints defined above) in a wrist, 

MCP, or PIP joint
4. Systemic arthritis Simultaneous involvement of 

the same joint areas (as 
defined in 2) on both sides 
of the body (bilateral 
involvement of the PIP, 
MCP, or MTP joints is 
acceptable without absolute 
symmetry)

5. Rheumatoid Subcutaneous nodules over 
nodules bony prominences or 

extensor surfaces or in 
juxtaarticular regions that 
are observed by a physician

6. Serum rheumatoid Demonstration of abnormal 
factor amounts of serum 

rheumatoid factor by any 
method for which the result 
has been positive in < 5% 
of normal control subjects

7. Radiographic Radiographic changes typical 
changes of rheumatoid arthritis on 

posteroanterior hand and 
wrist radiographs; must 
include erosions or 
unequivocal bony 
decalcification localized in or 
most marked adjacent to 
the involved joints 
(osteoarthritis changes 
alone do not qualify)

*For classification purposes, patients are said to have rheumatoid arthri-
tis if they satisfy at least four of these seven criteria. Criteria 1
through 4 must have been present for at least 6 weeks. Patients
with two clinical diagnoses are not excluded. Designation as classic,
definite, or probable rheumatoid arthritis is not to be made.

MCP, metacarpophalangeal; MTP, metatarsophalangeal; PIP, proximal
interphalangeal.

From Arnett FC, Edworthy SM, Bloch DA, et al: The American Rheuma-
tism Association 1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 31:315-324, 1988.
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Lateral  View

Posteroanterior View

Normal Diseased

Normal Diseased

Figure 1 • The rheumatoid hand and wrist.

Table 3. Plain radiographs of the digits, hand, and
wrist are valuable for evaluating the pathology 
and planning surgical interventions. Other useful
diagnostic studies include computed tomography,
electromyography, ultrasonography, and magnetic
resonance imaging. Needle aspiration of joints, 
ganglions, and nodules for cytologic and bacteriologic
study is occasionally indicated.

Reconstructive Goals

Reconstructive surgery of a rheumatoid hand should
achieve four goals. Different surgeons, however, dis-
agree with their order and priority. Although more
operations are performed to relieve pain, the first
priority should be prevention of disease progression,
a goal more commonly achieved with medical
therapy than with surgery. When medical therapies
fail to halt progression of the disease, it is appro-
priate to consider surgical procedures. Thus, the
reconstructive goals, in order of importance, are as
follows:

1 Prevention of local disease progression
2 Relief of pain
3 Improvement of function
4 Improvement of appearance

Treatment

Medical Therapy

The use of disease-modifying antirheumatic drugs
(DMARDs) has made a major impact in the man-
agement of a large proportion of patients, especially
those with more advanced disease. However,
because articular destruction is now known to occur

TABLE 3 Features on Physical Examination

ANATOMIC SITE FEATURE OR SIGN PRESENT

Wrist “Piano key sign”—depress 
the prominent ulnar head 
and elicit significant 
movement and pain along 
with springing of the ulnar 
head back into position 
when the pressure is 
released

Decreased range of motion, 
often with pain and crepitus

Radiocarpal instability
Extensor tendons Loss of extension of all fingers 

and thumb
Synovial thickening over the 

dorsum of the hand, wrist, 
and distal end of the 
forearm

Flexor tendons Loss of the deep long flexors 
to the thumb or fingers

Synovial thickening throughout 
the length of the flexor 
tendon sheaths

Triggering digits
Metacarpophalangeal Synovial thickening

joints of the Abnormal position—ulnar 
fingers deviation and palmar 

subluxation
Intrinsic testing shows 

tightness
Fingers Synovial thickening

Abnormal position—
boutonnière and swan neck 
deformities

Loss of range of movement, 
joint instability, crepitus

Thumb Synovial thickening
Abnormal position—

boutonnière and swan neck 
deformities and adducted 
first web space

Loss of range of movement, 
joint instability, crepitus

Others Altered sensation in the 
distribution of the median, 
ulnar, or radial nerves

Rheumatoid nodules—
subcutaneous border of the 
ulna and fingers
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early in the disease process, the trend at present is
early combination DMARD therapy inasmuch as
recent studies have shown an improved prognosis
with such treatment. Nonsteroidal antiinflamma-
tory drugs and corticosteroids are also commonly
used along with intraarticular corticosteroid injec-
tions. Methotrexate is one of the most commonly
used DMARDS, although the use of leflunomide is
increasing. More recent research has been directed
at cytokine (TNF-a) inhibitors and angiogenesis
inhibitors.

Physical Therapy

The occupational therapist and physical therapist
may see rheumatoid sufferers at various times
during the course of their disease. They may be
involved early to provide splinting and gentle exer-
cise programs to help with pain relief. Assistance
may also be provided for the patient’s activities of
daily living. Several aids have been developed for
arthritis sufferers, and rheumatoid patients may
benefit from these. Therapists provide services for
patients who do not require surgery and play a
crucial role in every rheumatoid patient who under-
goes any form of hand surgery. The successful
outcome of surgery ultimately relies on excellent
postoperative therapy.

Surgical Treatment

In a patient with active disease, surgical interven-
tion is of little value. Synovectomy and nerve decom-

pression may be necessary, but in most cases, recon-
structive procedures are reserved for patients with
medically controlled or “burnt out” disease. The use
of corticosteroids and cytotoxic agents is thought to
increase surgical complications, but it is our prac-
tice not to alter medications in patients undergoing
surgery. One must be alert for a possible increased
need for corticosteroids in the immediate periopera-
tive period because patients may have a degree of
adrenal suppression and cannot increase their
secretion of cortisol at times of physiologic stress.

This chapter does not provide a comprehensive
summary of the surgical techniques used in a
rheumatoid hand but emphasizes only the most
useful techniques. A well-established principle in a
patient with disease at several joint levels is to
perform surgery in a proximal-to-distal direction
because proximal deformities influence distal joint
mechanics.

EXCISION OF THE ULNAR HEAD. Excision of the
ulnar head is a common procedure in a rheumatoid
hand (Fig. 2). The main indication is ulnar-sided
wrist pain, particularly with forearm rotation.
Prominence of the ulnar head dorsally (caput ulnae)
can lead to attritional rupture of the extensor
tendons to the ulnar digits (the so-called Vaughn-
Jackson lesion); therefore, this procedure is often
combined with tendon transfers. The surgical
approach is through a dorsal midline incision, with
care taken to protect the dorsal branch of the ulnar
nerve. The retinaculum of the sixth extensor com-
partment is opened, and synovectomy of the exten-

A B

Figure 2 • Ulnar head excision and stabilization. ECU, extensor carpi ulnaris; TFCC, triangular fibrocartilage
complex. (From Beasley RW: Beasley’s Surgery of the Hand. New York, Thieme, 2003.)
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sor carpi ulnaris tendon is performed. An incision is
made in the floor of the sixth compartment to allow
access to the ulnar head and the space between the
ulna, carpus, and radius. Approximately 2 cm of
ulnar head is removed with a sagittal saw after sub-
periosteal dissection. Sufficient head is excised,
while remaining just proximal to the sigmoid notch,
to prevent contact with the distal end of the radius
in most of the arc of forearm rotation. Residual
contact between the two bones at the extremes of
rotation is acceptable. The distal ulnar stump is
smoothed and contoured. In the gap that is present
after excision of the ulnar head, the triangular fibro-
cartilage complex can be tightened and sutured to
the dorso-ulnar region of the distal end of the radius
to correct carpal supination on the radius. The pre-
served ligamentous tissue around the cut end of the
ulna is plicated to prevent distal ulnar instability.
The extensor carpi ulnaris is often subluxed volarly,
and it must be repositioned by placing a sling of the
proximal extensor retinaculum around the tendon
and suturing it back on itself. The two critical parts
of the operation are stabilization of the distal end of
the ulna and securing of the extensor carpi ulnaris
tendon in a dorsal position over the ulna (see Fig.
2). After careful wound closure over a suction drain,
a dressing and above-elbow plaster are applied with
the forearm placed in supination. The drain is
removed the following day, and the splint is main-
tained for a period of 4 weeks. Finger and thumb
movement is encouraged throughout the period of
recovery.

Occasionally, fusion of the distal radioulnar joint
is performed with formation of a pseudarthrosis
more proximally in the ulna. This technique, known
as the Sauve-Kapandji procedure, is sometimes used
in rheumatoid patients with ulnocarpal ligamentous
laxity to prevent further ulnar carpal translation
and supination of the carpus.

TOTAL WRIST ARTHRODESIS USING A CON-
TOURED PLATE. When all other surgical proce-
dures have failed or are not appropriate, severe
deformity and pain can be reliably treated by com-
plete fusion of the wrist, particularly in high-
demand patients. Several authors have suggested
that in significantly osteopenic patients, fusion can
be accomplished with one or two Steinmann pins. A
drawback to this procedure is that the wrist can be
fused only in neutral position. Alternatively, con-
toured prebent titanium plates allow various wrist
positions. The final position of the wrist is deter-
mined by the plate selected, the most common being
neutral or slight flexion and 10 degrees of medial
deviation.

Resection of the ulnar head is usually performed
through a longitudinal incision as previously
described, particularly with distal radioulnar joint
involvement. The third dorsal compartment is
opened, and the incision should extend onto the
third metacarpal. The dorsal wrist capsule is raised

in both directions. The distal end of the radius is
exposed subperiosteally along with the proximal
half of the third metacarpal. The dorsal cortices of
the distal end of the radius, carpal bones, and base
of the third metacarpal are removed with an
osteotome. What is left of the cortical surfaces
should be removed with a small powered bur, with
special attention paid to the radioscapholunate,
scapholunate, scaphocapitate, lunocapitate, and
third carpometacarpal joint surfaces while main-
taining their volar cortical relationships. Cancellous
iliac bone graft is morselized and packed into the
decorticated joints. The plate is secured with ap-
propriately sized screws starting from the most
distal position and proceeding proximally. The plate
should be aligned so that the capitate is fixed to it.
Some compression can be applied during placement
of the first screw into the radius if care is taken to
avoid a rotational deformity of the third metacarpal.
The plate’s position and screw length should be
checked by fluoroscopy. Additional cancellous bone
graft is packed into the remaining spaces. The
dorsal wrist capsule is closed along with the third
dorsal extensor compartment. The extensor pollicis
longus tendon is transposed so that it sits dorsal to
the extensor retinaculum. A drain is placed and the
wound closed. A soft dressing and a plaster splint
are applied. The plaster splint can be changed to a
functional splint in 2 weeks when the swelling has
subsided.

WRIST IMPLANT REPLACEMENT ARTHROPLASTY.
Several authors have revisited wrist replacement
arthroplasty for rheumatoid sufferers because many
patients are pleased with the improvement in pain
and the benefit of maintaining some wrist motion.
Although a previous wrist implant arthroplasty
makes total wrist fusion slightly more technically
difficult, the possible benefit of painless, stable
motion is probably worthwhile in select patients
with rheumatoid arthritis, particularly low-demand
patients who would otherwise require bilateral
arthrodeses.

The Menon universal wrist replacement implant
(Fig. 3) is one of the most reliable implants. Sizing
is determined with preoperative radiographs. In
general, a smaller implant should be used so that 
if the sizer does not seem large enough, a larger
implant can be placed. A midline dorsal incision is
used to approach the joint, with careful preservation
of the superficial radial nerve and the dorsal branch
of the ulnar nerve. An extensor retinacular flap is
elevated, starting from the sixth dorsal compart-
ment and continuing until the septum between the
first and second dorsal compartments is reached.
The extensor tendons are retracted and synovec-
tomy performed if needed. The dorsal wrist capsule,
including the periosteum of the distal end of the
radius and the joint capsule of the distal radioulnar
joint, is raised in a proximal-to-distal direction. The
ulnar head is typically resected. A small hole is made
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in the end of the radius, 5 mm from the dorsal lip,
near Lister’s tubercle. The radial alignment guide
rod is passed down the radius and its position veri-
fied with fluoroscopy. The radial guide bar is passed
over the rod until it abuts the radius. The radial
cutting guide block is placed into the guide bar. The
dorsal lip of the radius may be smoothed to allow
the cutting guide block to sit well. Two 1.1-mm
Kirschner wires are placed in the central row of
holes in the guide block. The guide rod and guide
bar can be removed so that radial osteotomy can be
performed. The wires and cutting guide block are
removed, and the alignment rod is placed back into
the radius. The broach is slid over the alignment rod
and used to make a hole for the stem of the radial
implant. The trial component is inserted to check 
its fit.

For the carpal osteotomy, the scaphoid and tri-
quetrum must be wired distally to the capitate. The
lunate is removed with rongeurs. The special drill

guide is fitted with the guide plate and placed up
against the base of the capitate. The rest of the drill
guide is placed against the skin over the third
metacarpal, and the guide plate is positioned over
the dorsal surface of the capitate. The hole is drilled
and countersunk. The carpal guide bar is placed in
the hole and the carpal cutting guide slotted into the
bar. The cutting guide is secured to the carpus with
K-wires so that the carpal guide bar can be removed.
The osteotomy is performed through the base of the
hamate, as well as through the scaphoid, capitate,
and triquetrum. The trial carpal component is
inserted, and the holes on the radial and ulnar sides
are drilled by using the appropriate guide for each
of the holes. The radial hole should cross into the
second metacarpal shaft, but the ulnar hole should
cross only into the hamate and not into the fourth
metacarpal.

The wound is irrigated and the definitive
implants inserted with cement in the stem holes.

A beaded porous coating has been added on
the implant stems to aid osteointegration.

Figure 3 • Universal 2 Total Wrist Implant System. (Courtesy of Kinetikos Medical Inc., Carlsbad, CA.)
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The carpal component is placed first along with the
ulnar and radial screws. The radial component is
inserted. The polyethylene trial component is placed
next because its size may need to be altered if the
implant is unstable or motion is restricted. The
definitive polyethylene insert is placed. The remain-
ing K-wires are removed and the intercarpal joints
fused. The dorsal capsule is repaired to cover the
implant, but a portion of the extensor retinaculum
may also be needed to cover the proximal end of the
implant. A wrist splint is used for 10 days, after
which gentle wrist mobilization is commenced.

METACARPOPHALANGEAL JOINT REPLACEMENT
ARTHROPLASTY. The main indication for this pro-
cedure is to treat painful joints that have undergone
degeneration with ulnar drift of the digits and volar
subluxation of the joints. The procedure is per-
formed through a transverse curvilinear incision
and the joint opened longitudinally through the
ulnar dorsal hood, some distance from the extensor
tendon. The collateral ligaments and the bone prox-
imal to the articular surface of the metacarpal head
are exposed, and a transverse osteotomy is per-
formed with an oscillating saw as close as possible
to the head. The head, ulnar collateral ligament, and
synovium are removed to reveal what is left of the
articular surface of the base of the proximal
phalanx. Attention must be paid to preserving the
radial collateral ligament. If the intrinsic muscles
are tight, they may be divided. The base of the prox-
imal phalanx may occasionally need to be cut if the
base is eroded in an asymmetric fashion. The artic-
ular surface remaining on the base of the proximal
phalanx should be removed with bone rongeurs. On
the dorsoradial aspect of the metacarpal, a small
hole should be made for reattachment of the radial
collateral ligament. Implant sizers should be used to
determine the correct implant for each joint. The
implant should be sufficiently large for the hinge
portion to extend beyond the bony extent of the
metacarpal osteotomy. If the volar plate is tight or
the implant seems too tight, the volar plate may be
divided transversely. Before insertion of the defini-
tive implant, 3–0 nonabsorbable braided suture is
used to secure the remnant of the radial collateral
ligament, with one limb of the suture being passed
through the cortical hole previously made in the
metacarpal. The sizer is replaced and the suture
temporarily tensioned to ensure that the ligament
is snug and neither too tight nor too loose. The final
implant is placed first into the metacarpal end and
then into the proximal phalanx end. The collateral
ligament suture is tied. If the tendon is not central-
ized over the implant, the radial hood should be 
plicated. The skin is closed over a soft rubber drain,
and a soft dressing and plaster splint are applied.
After 1 week, an outrigger thermoplastic splint is
fashioned to allow for controlled finger motion.
Motion is slowly increased over time, and after 10
weeks splinting can be discontinued.

RECONSTRUCTION OF THE OBLIQUE RETINACU-
LAR LIGAMENT FOR SWAN NECK DEFORMITY.
This procedure is indicated for milder forms of swan
neck deformity (type I) before established joint
changes have occurred. Each affected finger is
opened through a midline dorsal incision centered
over the proximal interphalangeal joint. The ulnar
lateral band of the extensor system is divided prox-
imally and mobilized distally while maintaining 
its attachment to the distal phalanx. Through a
Bruner incision, the finger is opened volarly cen-
tered over the proximal interphalangeal joint. The
flexor tendon sheath is exposed while preserving the
A2 pulley. The slip of extensor tendon is tunneled
distally around the ulnar side of the digit to allow it
to pass volar to Cleland’s ligaments and thus volar
to the axis of flexion, and it is sutured to the A2
pulley on the ulnar side of the flexor tendon sheath.
The reconstruction is tensioned so that the distal
joint is extended to more than its original position
and the proximal joint is flexed to 15 degrees,
thereby preventing proximal interphalangeal joint
hyperextension, in addition to augmenting distal
interphalangeal joint extension.

TENDON RECONSTRUCTION FOR BOUTONNIÈRE
DEFORMITY. Established boutonnière deformity
can be treated by tendon reconstruction if the inter-
phalangeal joint surfaces are preserved and the
deformity can be corrected passively (Fig. 4). Passive
motion may need to be achieved with serial splint-
ing and occasionally even by surgical joint release.
The technique combines both distal tenotomy and
centralization of the lateral bands. A longitudinal
incision centered over the proximal interphalangeal
joint in the dorsal midline of the involved digit is
used. An extensor tenotomy is performed midway
between the distal and proximal interphalangeal
joints so that the oblique retinacular ligament can
still provide some degree of distal phalanx extension
through its tenodesis effect. The transverse retinac-
ular ligament is divided at the volar edge of the 
malpositioned lateral bands, and this release 
is continued proximally and distally to allow the
lateral bands to be sutured together over the proxi-
mal interphalangeal joint. A Kirschner wire is
placed across the proximal interphalangeal joint in
full extension before suturing the lateral bands, and
this wire is left in place for 3 to 4 weeks postopera-
tively (see Fig. 4). Controlled distal joint flexion is
encouraged during the early postoperative period.

PROXIMAL INTERPHALANGEAL JOINT ARTH-
RODESIS. The primary indication for proximal
interphalangeal joint arthrodesis is pain and insta-
bility, both of which cause significant functional
deficits. Through a longitudinal incision over the
dorsum of the proximal interphalangeal joint, the
joint is opened by dividing the central slip and care-
fully preserving the lateral bands. The collateral 
ligaments are divided to allow for adequate visual-
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ization of the joint surfaces. A synovectomy is per-
formed. The base of the middle phalanx and the
head of the proximal phalanx are removed with an
oscillating saw. The angle of the osteotomies is cal-
culated so that the resultant angle of the fused joint
is approximately 25 degrees for the index finger with
a gradual increase in the joint angle so that the little
finger is at approximately 45 degrees. One axial and
two oblique double-ended K-wires are placed into
the middle phalanx and brought out through the
skin so that the points are flush with the osteotomy.
The surgeon holds the joint in correct position and
the assistant advances the wires into the proximal
phalanx while maintaining firm compression. The
wires are left in place for at least 8 weeks and are
removed only after radiologic confirmation of fusion.

INTERPHALANGEAL AND METACARPOPHALAN-
GEAL JOINT FUSION OF THE THUMB. Several
techniques have been described to achieve fusion of
the joints of the thumb. The cannulated Acutrak
compression screw is most useful, however, for the

interphalangeal and metacarpophalangeal joints of
the thumb. For the interphalangeal joint, a dorsal
H-shaped incision is made over the joint. A small
oscillating saw is used to remove the articular sur-
faces, and the appropriate resultant angle of the
joint fusion is determined by the angles of the
osteotomies. This technique generally produces
approximately 10 degrees of flexion. A central
Kirschner wire is placed from the site of the
osteotomy distally so that the wire exits through
hyponychial tissue. The bone ends are apposed and
the wire driven into the proximal phalanx under flu-
oroscopic control. The required length of the cannu-
lated mini Acutrak screw is estimated. A small
incision is made around the central wire at the tip
of the thumb to allow insertion of the drill and screw.
Under fluoroscopic guidance, the cannulated drill is
used over the K-wire that has been inserted. An
appropriately sized screw is placed while stabilizing
the phalanges to prevent rotation.

The metacarpophalangeal joint is opened through
a longitudinal incision, and the extensor tendon is

Figure 4 • A, Basic pathology of a boutonnière deformity. B and C, Reconstruction for
an established boutonnière deformity converts all finger interphalangeal (IP) extensor
forces solely to the proximal interphalangeal (PIP) joint with release of the distal interpha-
langeal joint hyperextension by tenotomy of the lateral bands. The anterior margin of the
elevated lateral bands at the PIP joint are turned up dorsally and sutured together over the
PIP joint. (From Beasley RW: Beasley’s Surgery of the Hand. New York, Thieme, 2003.)
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as a result of the continuing rheumatoid disease.
Silastic implants are particularly prone to failure,
fracture, and dislodgement. Arthrodesis usually 
provides a solution for most complications and, as
such, remains the gold standard for treatment.

Pearls and Pitfalls

• Individualized, patient-specific goals of treat-
ment remain central to management of a
rheumatoid hand.

• Early medical treatment is crucial, and early
surgical intervention should be considered for
all patients. Such management has become
increasingly important because it is now well
established that damage to tissues and articu-
lar surfaces occurs early in the disease process,
long before deformity develops.

• One must remember to address all deformities
of the upper limb by proceeding proximally
from the shoulder to the distal interphalangeal
joints.

• The aim of restoring function is important, but
one must remember that pain is far more dis-
abling than loss of motion. Reduction of pain is
something that surgeons can often reliably
offer to patients, and such pain reduction facil-
itates improvement in function.

• When motion-sparing procedures have failed,
joint fusion is a reliable option for reducing
pain and increasing function.
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split. The articular surfaces are exposed and the
appropriate osteotomies performed to give a resul-
tant angle of approximately 20 degrees for the
fusion. As opposed to the interphalangeal joint, the
Kirschner wire is placed in an oblique direction
across the joint in a proximal-to-distal direction.
Fluoroscopy is used to check the position of the wire.
The “standard” sized Acutrak screw is used for this
joint. A second K-wire may be placed parallel to the
original wire to prevent rotation during drilling and
placement of the screw. After a small incision is
made in the skin, the cannulated drill is placed over
the central wire and drilling is performed under flu-
oroscopic guidance. The appropriately sized cannu-
lated Acutrak screw is placed across the joint until
it is in correct position and compression is achieved
across the joint fusion site. Both wires are removed
and the wounds closed.

Postoperative Care

In the early postoperative phase, strict elevation
and well-fitted, comfortable dressings and splints
are essential. After a period ranging from a few days
to several weeks, the dressings and original splint
are removed. Continued splinting is usually
required, and the hand therapist is generally skilled
in making the required splint from lightweight ther-
moplastics. A dynamic splint may be of benefit to
allow controlled movement, as is the case after
metacarpophalangeal joint replacement. Careful
wound care is required because the patients are
often taking medications that may inhibit healing,
although wound problems and dehiscence are 
surprisingly uncommon.

The hand therapist’s role in postoperative care is
crucial. After wound healing, the patient must
return to at least the preoperative level of function-
ing and, optimally, improve on it. This goal often
involves relearning basic hand maneuvering and
thus involves a prolonged process that necessitates
persistence by the patient, therapist, and surgeon.

Early postoperative complications include bleed-
ing, infection, and wound breakdown. Infections
may be localized to the skin but may also include
pin tract infection and implant infection/extrusion.
Bone healing may be prolonged because rheumatoid
sufferers often have significant osteopenia and
osteoporosis. The long-term complications of surgery
include recurrence of the original deformity, often 



Joint stiffness is the most frequent and disabling
long-term complication after a hand injury. Much of
the morbidity is prevented by adhering to several 
key principles, including early and appropriate skin
coverage, alignment and rigid stabilization of bony
injuries, splinting of the hand in an anatomically
“safe” position, and early mobilization. Acquired
posttraumatic stiffness, which sets in after injury or
after inappropriate immobilization, and its surgical
management are the focus of this chapter.

Etiopathogenesis

Stiffness is defined as restriction of normal mobility
of a given joint. Limitation of flexion or extension
may be active, passive, or both. When either flexion
or extension is impaired, a contracture exists.

An understanding of the myriad causes of joint
stiffness directs proper therapy. Joint stiffness may
result from a local cause (e.g., direct injury to a joint)
or a systemic condition (e.g., rheumatoid arthritis)
or may have an indirect cause (e.g., intrinsic or
extrinsic tendon adhesions, tendon imbalance,
improper immobilization, posttraumatic edema,
reflex sympathetic dystrophy, Dupuytren’s contrac-
ture, burns, scars).

Limitation of joint motility may be due to articu-
lar or extraarticular causes. Articular causes include
adhesions, incongruent joint surfaces, and contrac-
ture of the capsule or ligaments. Extraarticular
causes include adhesions within the gliding planes,
blocking of tendons by exostoses, or tendon nodules.

Small joint contractures may be classified as
acquired or congenital (Tables 1 and 2). Trauma to
the joint or neighboring skin, bone, or tendon is the
most common cause of acquired joint stiffness. In
general, acquired posttraumatic stiffness usually
results in an extension contracture of the metacar-
pophalangeal (MCP) joint and a flexion contracture
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of the proximal interphalangeal (PIP) joint for
reasons outlined in the next section.

Pathologic Anatomy

Joint stiffness follows predictable patterns that are
best appreciated by an understanding of normal
anatomy. Both the interphalangeal (IP) and MCP
joints have collateral ligaments, palmar fibrocarti-
lage, and a loose dorsal capsule guarded by an exten-
sor expansion. However, the MCP and IP joints have
anatomic differences of clinical significance.

The MCP joints are capable of side and rotatory
movements when the joints are in extension and are
therefore classified as condyloid joints. When the
joints are flexed, neither abduction nor adduction is
possible because the metacarpal head is broader
volarly and in the sagittal plane the head has the
shape of a cam, with the distance from the axis of
motion to its volar surface greater than the distance
to its dorsal surface. The collateral ligaments are
eccentrically attached to the sides of the head of the
metacarpals and originate dorsal to the flexion and
extension axes of joint motion. As a result, the col-
lateral ligaments are lax when the joint is extended
but tightly stretched over the condyles of the
metacarpal head when the joint is flexed. Therefore,
it is important to maintain the MCP joint in flexion
during immobilization to prevent shortening of the
collateral ligaments.

The PIP joints are considered hinge joints because
movements are restricted to flexion and extension
by the configuration of the joint surfaces; the
bicondylar distal end of the proximal phalanx fits
congruently into two concave surfaces on the middle
phalanx that are separated by a prominent median
ridge. The articular surface of the proximal pha-
langeal head, unlike that of the metacarpal head,
has a constant radius in the sagittal plane. The
point of origin of each collateral ligament is on the
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axis of joint motion. As a result of these anatomic
features, the collateral ligaments of the IP joints are
under almost equal tension in both flexion and
extension and do not dictate the best immobilization
posture for this joint.

The MCP and IP joints also differ at the volar
plate. The IP volar plate is inelastic; it maintains
comparable dimensions in flexion and extension,
thus necessitating translation of the plate in a prox-
imal-to-distal direction with joint movement. Any
limitation of the proximal volar plate results in
restriction of motion. The proximal part of the volar
plate, which is thin and membranous, is attached to
the volar aspect of the proximal phalanx by check
ligaments (two resistant fibrous bands that fix the
lateral borders of the volar plate to the middle
phalanx). In an uninjured joint they prevent hyper-
extension. In an injured, inappropriately immobi-
lized joint they hypertrophy, shorten, and may
prevent both flexion and extension of the joint by the
formation of checkrein ligaments.

At the MCP joint the volar plate is firmly
attached distally but loosely attached proximally,

thereby allowing hyperextension of the joint. The
volar plate of the MCP joint is relatively elastic,
which allows it to shorten with flexion. There is no
tendency for the development of checkreins. At the
distal interphalangeal (DIP) joint, the checkrein 
ligaments are shorter, less taut, and more laterally
placed, thus allowing for more hyperextension.

As a result of these differences, collateral liga-
ment stiffness plays an important role in the genesis
of stiffness at the MCP joints with development of
the more typical extension contracture. In the IP
joints, the collateral ligaments may adhere to the
sides of the condyles, from which they may need to
be freed, but the checkrein ligaments are the primary
pathologic structure requiring release for full correc-
tion of the more typical IP flexion contracture.

Preoperative Assessment

The pathology of posttraumatic contracture is scar
formation or adhesion of injured tissues, or both.
Skin, soft tissues, ligaments, and tendon structures
around the joint may also be involved. Management
of patients with posttraumatic contracture com-
mences with a complete history, functional evalua-
tion, and physical examination.

Functional Evaluation

Any evaluation must take into consideration the
injured joints, as well as the function of the whole
hand. Surgical procedures rarely produce a return
of normal joint motility. The aim of surgery should
be to achieve functional improvement. As a rule,

TABLE 1 Etiology of Small Joint 

Contracture of the Hand

CONGENITAL CAUSES ACQUIRED CAUSES

Arthrogryposis Trauma
Camptodactyly Burns

Connective tissue disease
Spasticity/paralysis
Volkmann’s ischemia

TABLE 2 Common Causes of Small Joint Stiffness

LIMITATION OF MCP JOINT FLEXION LIMITATION OF MCP JOINT EXTENSION

Thickening of the dorsal capsule Long-standing intrinsic tightness
Contracture of the collateral ligament Dupuytren’s contracture
Extensor tendon/hood adhesions Volkmann’s contracture
Contracture of skin (e.g., dorsal burn) Burns/palmar scarring
Bony block within the joint Crush injuries

Spasticity
Sclerodactyly

LIMITATION OF PIP JOINT FLEXION LIMITATION OF PIP JOINT EXTENSION

Contracture of the dorsal skin Scarring of the volar skin 
Extensor muscle tightness or tendon adhesion Dupuytren’s contracture
Intrinsic tightness Scarring of the flexor tendon sheath
Contracture of the capsular ligaments, especially the collateral ligaments Flexor muscle tightness or tendon adhesions
Bony block or exostosis Contracture of the volar plate

Adherence of the collateral ligaments
Bony block or exostosis

MCP, metacarpophalangeal; PIP, proximal interphalangeal.
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when the arc of motion of the joint is within 30
degrees of normal, it is unlikely that surgery will
benefit the patient. Functional range of motion,
based on common activities of daily living, averages
61 degrees at the MCP joint and 60 degrees at the
PIP joint. Although the MCP joint provides a large
percentage of the overall flexion arc, the portion
attributed to the PIP joint is most important func-
tionally because it is responsible for grip strength
and completion. Functional requirements are not
the same for each finger. For example, the functional
arc of motion of the ring and little fingers can toler-
ate a loss of up to 40 degrees of extension, but ade-
quate flexion is required. The index and middle
fingers, however, both require satisfactory extension
for effective pinch and grasp. At times, the arc of
motion should be altered to a position of greater
functional value to the patient even if the absolute
value is not changed.

Physical Examination

Physical examination should proceed in a system-
atic manner. The following should be evaluated in
every patient:

• Skin and soft tissues: They should be well
healed, supple, and free of any residual inflam-
mation or infection. When skin shortening is
the cause of the contracture, passive joint
motion stretches the scarred skin and causes
blanching. In this setting, the scarred skin is
assumed to be the causative pathology,
although the degree of involvement of the
deeper soft tissues cannot be adequately
assessed without operative evaluation.

• Alignment/stability: Releasing a contracted
joint is not indicated in patients with an unsta-
ble skeleton or misaligned digits. Successful
release of a joint contracture demands imme-
diate postoperative mobilization, and any con-
comitant procedure that prevents such
mobilization can reduce the quality of the
result.

• Assessment and documentation of neurovascu-
lar status: Surgery in an insensate finger is
unlikely to produce significant functional
improvement. Surgery in a digit with marginal
vascularity may be hazardous. Fingers with
poor neurovascular inflow might be better
served by arthrodesis or amputation.

• Range of movement: Accurate measurements
are necessary to monitor the patient’s response
to nonoperative measures.

• Tenodesis effect: Most often, there is no single
cause for a joint contracture. A combination of
joint tightness and other external constraints,
such as muscle-tendon tightness and soft tissue
contractures, is responsible. The dynamic ten-
odesis effect is negative when the pathology is

intraarticular or periarticular, including
tendon adhesions close to the joint. When
tendon adhesions are located proximal to the
affected joint, the dynamic tenodesis effect is
positive (Fig. 1). The principle involved in
assessing the tightness of any musculotendi-
nous unit is to reverse its action. If it is not pos-
sible to place the hand in a posture that fully
reverses its action, there must be tightness of
the involved structure. In other words, when a
tendon adhesion is present, specific movements
distal to the area of adherence are lost. Specific
passive movements are limited because the
adherent tendon acts as a checkrein.

Special Tests

Radiographs are useful to visualize the integrity of
the articular surfaces, assess skeletal alignment,
and exclude exostoses.

Treatment

Treatment of established posttraumatic contracture
of the hand begins with a thorough assessment,
physical examination, and selected imaging studies.
The key to a rational treatment plan is an under-
standing of the exact location and pathology of the
contracture.

Figure 1 • Dynamic tenodesis. Intrinsic tightness is present
if the range of interphalangeal joint flexion is limited when the
metacarpophalangeal joint is extended or hyperextended as
opposed to when it is flexed.
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Nonsurgical

The majority of MCP/PIP joint contractures are 
successfully treated nonoperatively. It is imperative
that therapy be commenced as soon as possible after
an injury. Dynamic splinting or serial progressive
static splinting maintained for 12 to 24 hours a day
determines what can be achieved with conservative
treatment. If the patient demonstrates sustained
progress, operative release should be delayed.
Surgery is indicated if a functional limitation per-
sists and there is no progress in active or passive
joint motion after several months of well-supervised
therapy.

Surgical

Surgery is offered only if nonoperative treatment
has failed to restore adequate function. Variables
associated with improved outcomes include (1)
younger age of the patient; (2) single, well-identifi-
able pathology; (3) well-healed skin with soft, pliable
tissues; (4) intact musculotendinous units; (5) unin-
volved joint surfaces; and (6) cooperative patients
with access to an experienced hand therapist.

Although careful clinical assessment can help to
determine the site of pathology, the exact cause of
restricted joint motion is not always predictable pre-
operatively. The surgeon should anticipate the need
for additional procedures.

The use of local anesthesia for patient input
during the procedure offers the ability to intra-
operatively verify the adequacy of the release and
demonstrate to the patient the increase in motion
achieved intraoperatively. If local anesthesia is not
an option, a traction check will be necessary if
extrinsic tendon adhesions are suspected, and obser-
vation of the degree of active motion is necessary. A
proximal incision is made with passive pulling of the
involved tendons to document range of motion.

Before performing capsulectomy/soft tissue
release of the MCP/PIP joints, it is important that
all potential causes for the loss of joint motion be
considered and identified (see Table 1).

The following are absolute contraindications to
soft tissue surgical procedures:

1 Severe joint destruction because soft tissue pro-
cedures may improve motion, but not pain, in
these joints

2 Unreconstructible tendons

RELEASE OF METACARPOPHALANGEAL JOINT
EXTENSOR CONTRACTURE (DORSAL CAPSULOT-
OMY). A longitudinal incision is made over the
MCP joint to expose the entire extensor hood mech-
anism as far as the level of the intrinsics on each
side of the joint. A transverse incision may be used
if all four joints are involved. The extensor tendon
is freed from its adhesions while preserving the
periosteum. If extensor adhesions are the primary
restriction to passive flexion, extensor tenolysis

alone may prevent the need for capsulectomy. The
extensor tendon is split longitudinally to expose the
capsule, and the capsule is incised transversely. 
The thickened dorsal capsule and synovium are
excised. The joint surface and collateral ligaments
are inspected.

Joint tightness is tested in ulnar/radial deviation.
One or both collaterals may require release. The 
collateral ligaments are freed from any adhesions
and their attachment released from the metacarpal
head if an attempt to passively flex the MCP joint
fails. The ligaments are sectioned, if needed, in a
dorsal-to-palmar fashion in small increments until
full passive joint motion is restored. If possible, a
portion of the radial collateral ligament is preserved
to prevent ulnar drift with pinch and power grasp.

Full passive flexion of the MCP joint should now
be possible. If the MCP joint opens like a book
instead of the proximal phalanx gliding under the
head of the metacarpal, a periosteal elevator is
passed around the volar aspect of the head of the
metacarpal to free adhesions between the
metacarpal head and the volar plate (Fig. 2). Active
range of motion is now examined. If full active
motion is still not possible, persistent shortening of
musculotendinous units is the most likely culprit
because of an overlooked flexor tendon adhesion.
Extensor tendon repair is then performed.

METACARPOPHALANGEAL JOINT FLEXION CON-
TRACTURE. Flexion contractures are almost exclu-
sively caused by factors extrinsic to the joint and 
its capsule (see Table 2). Because of its specific
anatomic structure, recovery of full extension
seldom requires joint capsular release after the
primary pathology has been addressed.

RELEASE OF PROXIMAL INTERPHALANGEAL
JOINT FLEXION CONTRACTURE. A volar Y-V inci-
sion is generally used. If a skin contracture is
present, a Z-plasty is more suitable. The radial and
ulnar neurovascular bundles are isolated, and the
position of the transverse branch of the digital artery
is ascertained and used as a guide to identify the
checkrein ligaments. The artery passes just distal
and dorsal to their proximal insertions. It should be
preserved because it supplies the vinculum breve of
the superficialis and the vinculum longum of the pro-
fundus tendon. If the mobile sheath between the A2
and A4 pulleys is significantly contracted and adher-
ent, excision of a window of sheath is required to
provide adequate release. The C1 portion of the
flexor sheath is excised between the A2 and A3
pulleys to allow retraction and tenolysis of the
tendons.

The checkrein ligaments are identified and
divided, and an attempt is made to extend the joint
passively. If full extension is not possible, the volar
plate is released from its attachment to the acces-
sory collateral ligament on both sides of the joint.
The volar synovial pouch and the inner portion of
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the collateral ligaments are freed of any adhesions
(Fig. 3). If passive extension of the joint is still not
possible, the collateral ligaments are recessed from
their origin in the head of the proximal phalanx. 
The release should be performed sequentially in a
palmar-to-dorsal direction until full extension is
achieved. Adequate release is confirmed by allowing
the patient to move the finger. A discrepancy
between active and passive range of movement is
probably due to problems with excursion of either
the flexor or extensor tendon system, and tenolysis
is required. An “extensor check” is performed; a com-
petent extensor mechanism will result in a tenode-
sis effect of the long extensor tendon and lead to 
full PIP joint extension when both the wrist and
MCP joints are placed in flexion. In cases of long-
standing and severe flexion contracture, over-
stretching of the extensor apparatus develops with
attenuation of the central slip. Central loop recon-
struction may prove effective, but it is seldom indi-
cated because careful postoperative splinting will
most often lead to retightening of the central slip.

RELEASE OF PROXIMAL INTERPHALANGEAL
JOINT EXTENSION CONTRACTURE. A dorsal or
midlateral incision is used to expose the extensor
mechanism (Fig. 4). The transverse retinacular
fibers are identified and incised longitudinally to
permit retraction of the lateral band and exposure

of the dorsal capsule and both collateral ligaments
(see Fig. 4). A complete dorsal arthrotomy is per-
formed just dorsal to the collateral ligaments by
releasing the dorsal capsule from its attachment to
the head of the proximal phalanx. Care is taken to
avoid injury to the central extensor tendon. Excur-
sion of the joint is evaluated. If the joint has a ten-
dency to hinge open, a periosteal elevator is used to
mobilize the recess between the collateral ligaments
and the head of the proximal phalanx and to release
any adhesions in the palmar capsular recess/retro-
condylar space. If full passive flexion is still not pos-
sible, the collateral ligaments proper are released
from their attachment to the proximal phalanx.
Recession of the collateral ligaments should be per-
formed in stages, beginning dorsally and progressing
volarly until full digital flexion is achieved. Active
range of motion is checked, with particular attention
paid to intrinsic tightness. Central tracking of 
the extensor tendon also needs to be confirmed. If
required, unilateral repair of the transverse retinac-
ular fibers to the lateral band may be undertaken.

Postoperative Care

After surgical release of a contracted joint, the hand
is placed in a well-padded dressing with a dorsal

1

2

3

A B

1

2

MC

PP

Figure 2 • A, Exposure for metacarpophalangeal (MCP) capsulectomy. 1. Midline dorsal approach (single joint). 
2. Web space incision (adjacent joints). 3. Transverse incision (multiple joints). B, Technique for dorsal capsulectomy.
1. Dorsal capsule excision and release of the “cord” portion at the point of attachment to the metacarpal; the 
accessory collateral ligament is left intact. 2. An elevator is used to release adherent volar capsule and re-create a
normal pouch beneath the metacarpal head. MC, metacarpal; PP, proximal phalanx.
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splint holding the MCP joint in approximately 60 to
80 degrees of flexion and the IP joints in extension.
It is important to maintain the gains achieved at
surgery with a rehabilitation program that includes
immediate motion. Therapy is initiated within 24 to
48 hours of surgery. Dressings are removed on the
last postoperative visit. Active, active-assisted, and
passive range-of-motion exercises are commenced 
at this stage. The hand is generally splinted in 
the “safe” position between therapy sessions until
decreased swelling and pain permit light use of the
hand. Dynamic splints may be used if problems in
maintaining passive motion are encountered. After
functional use has been established for light activi-
ties, a strengthening program can be instituted. Vig-
ilance for recurrence of contractures is mandatory,
and static and dynamic splinting is commonly
required for a period of up to 3 months.

Complications

Complications include overcorrection, instability
leading to early joint degeneration, inadequate cor-
rection, recurrence of the contracture, and damage
or disruption of the extensor or flexor system.
Damage to the neurovascular bundle may occur
with release of PIP flexion contractures. Ischemia
may result if a long-standing PIP flexion contracture
is splinted in full extension immediately after
surgery. The most frequent complication is failure of
the operation to return useful motion on a perma-
nent basis. It is known that long-term results often
show a loss of intraoperative gains.

Pearls and Pitfalls

• Successful surgical management of small joint
contractures of the hand requires an under-

1

2

A

C

B

Figure 3 • A, Approach to the volar aspect of the proximal
interphalangeal (PIP) joint. 1. Volar zigzag Bruner incision. 
2. Midlateral incisions can be used on both sides of the finger.
B and C, Release of flexion contracture of the PIP joint by 
division of the checkrein ligaments and the accessory collateral
ligaments.

1

2
BA

Figure 4 • A, Dorsal approach to the proximal interphalangeal (PIP) joint. 1. Dorsal incision. 2. Midlateral incisions
can be used on both sides of the finger. B, Exposure of the lateral and dorsal aspect of the PIP joint after incision
and elevation or retraction of the transverse retinacular ligament.
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standing of the multiplicity of lesions that may
be present.

• A significant increase in function may be
achieved despite a minimal increase in motion
if the range of motion is shifted to a more func-
tional position.

• Excellent improvement should be expected in a
young patient with a single identifiable cause
for the contracture.
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Dupuytren’s disease remains an enigmatic condi-
tion, and despite decades of research, its cause and
optimal treatment remain unclear. The demograph-
ics of aging in the industrialized world, where most
of those afflicted live, dictate that the number of
patients with this condition will increase. Treatment
remains surgical, although enzymatic fasciotomy of
involved cords has recently produced encouraging
short-term results. In terms of surgical intervention,
the pendulum has swung back from radical
attempts to eradicate all traces of involved tissue to
a more measured, conservative approach. Signifi-
cant advances have been made in understanding
this condition at the cellular level, and these
advances may soon be harnessed for therapeutic
benefit. Refinements in genetic testing may allow
reliable prediction of disease severity.

Etiopathogenesis

In the long interval since the first description of this
condition, there has been much controversy regard-
ing its cause, pathophysiology, and treatment.
Dupuytren’s disease may be familial, but the genetic
mechanism is still unclear. Few formal studies of
inheritance have been undertaken; however, an
autosomal dominant cause with variable penetrance
has been suggested. It is possibly polygenic, or there
could be an interaction between environmental and
genetic factors.

The disease is characterized by benign fibropro-
liferative involvement of the palmar and digital
fascial structures, but the underlying cause of the
palmar fascial fibrosis remains unclear. Some
immunologic abnormalities have been described in
Dupuytren’s disease, thus suggesting that the
immune system has a role in disease pathogenesis.
Histologic examination of tissue affected by
Dupuytren’s disease reveals excess collagen and

Dupuytren’s Contracture
HANNAN MULLETT

MIHYE CHOI

extracellular matrix deposition. A high proportion of
collagen type III, instead of the usual collagen type
I, has been reported in the nodules. A specialized cell
type, the myofibroblast, has been observed in the
nodules and is thought to be the source of the altered
collagen production and, thus, the key cell involved
in the disease process. Myofibroblasts are probably
differentiated fibroblasts with phenotypic charac-
teristics between those of fibroblasts and smooth
muscle cells, the latter capable of producing smooth
muscle actin isoforms and several growth factors.
The nodules have some histologic features of neo-
plasia, including a high proportion of mitotic cells.
Cells from fibromatous nodules have been reported
to show chromosomal aberrations, including tri-
somies and unbalanced translocations, but the 
clinical significance of these findings is unclear.
Mechanical forces in the tissues and growth factors
such as transforming growth factor-b1 appear to
play important roles in regulating the proliferation
and apoptosis of myofibroblasts.

Pathologic Anatomy

Success in protecting the neurovascular bundle from
iatrogenic injury in Dupuytren’s surgery is made
possible only by knowledge of normal hand anatomy
and the characteristic pattern in which the anatomy
changes with disease progression. The palmar fascia
is a complex structure containing bands of thickened
collagen that allows longitudinal structures to pass
through without interference. It is a fibrous skele-
ton with guide channels and retinacular restraints
for longitudinally running fibers that anchor the
skin and allow digital motion. In Dupuytren’s con-
tracture, the most frequently affected structures in
the palm are the pretendinous bands with the for-
mation of pretendinous cords. Spiral bands, nata-
tory ligaments, and digital fascial structures are less
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frequently affected. The neurovascular bundle is at
greatest danger in the palmar digital area, where 
it may be severely displaced by a spiral cord. The
spiral cord typically begins proximally as the pre-
tendinous cord passing deep to the neurovascular
bundle distal to the metacarpophalangeal (MCP)
joint. The spiral cord runs lateral to the neuro-
vascular bundle. It involves the lateral digital
sheath and may again become superficial as it joins
Grayson’s ligament (Figs. 1 and 2). The radial side
of the hand, including the commissural bands, can
be involved in severe cases. The ligaments of
Cleland, transverse retinacular ligaments, oblique
retinacular ligaments, transverse ligaments of the
palmar aponeurosis, and the septa of Legueu and
Juvara are not involved in the disease process.

Diagnosis

Although the diagnosis of Dupuytren’s disease in 
its classic form is not subtle, its clinical features 
in the early stages may mimic other conditions.
Dupuytren’s nodules should be differentiated from
other soft tissue lesions such as localized pigmented
villonodular synovitis, palmar ganglions, inclusion
cysts, or rarely, epithelioid sarcoma. A surgeon treat-
ing a patient for “trigger finger” may be dismayed to
witness the progressive contracture of Dupuytren’s
disease postoperatively. Clinical features that

suggest a poor prognosis include young age, severe
proximal interphalangeal (PIP) joint contracture,
Garrod’s knuckle pads over the PIP joints, and
extensive skin involvement.

The effect of the disease on joint motility is the
major determinant for surgical intervention. Both
active and passive range of motion of joints in
involved digits is measured with a goniometer. Indi-
cations for surgical intervention fall into subjective
and objective criteria. Subjectively, the patient may
request treatment when the degree of contracture
makes normal hand function difficult. MCP joint
contracture can be completely corrected nonsurgi-
cally, and thus surgical intervention may be delayed.
However, patients usually find that MCP contrac-
ture of 40 degrees or more causes sufficient restric-
tion to warrant correction. Correction of PIP joint
contracture, in contrast, becomes increasingly diffi-
cult as disease duration and the degree of joint 
contraction progress. PIP joint contracture of 25
degrees or more is a clear indication for surgical 
correction.

Plain radiographs may be useful in documenting
the degree of contracture or assessing degenerative
articular changes. Involvement of the distal inter-
phalangeal joint or the presence of a boutonnière
deformity indicates advanced disease. A clinico-
pathologic staging system based on disease activity
and histologic appearance has been described; this
system divides affected tissue into proliferative,
involutional, and residual disease.

BA

(not involved)(not involved)

Figure 1 • A, The components of normal fascia that become diseased. B, The diseased 
cords that develop from the normal fascial structures. A spiral cord can originate from the 
pretendinous cord or from an intrinsic muscle. (From McCarthy JG [ed]: Plastic Surgery. 
Philadelphia, Saunders, 1990.)
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Treatment

Surgical

Surgical intervention for Dupuytren’s contracture
has evolved from the enthusiastic radical excision of
the disease in the 1970s (with inherently higher
complication rates) to the current practice of

focused, limited excision. The importance of empha-
sizing functional outcomes over reliance on objective
clinical measurements is the key to success in
surgery for Dupuytren’s contracture. Treatment of
severe PIP joint contracture is challenging. Pre-
operative skeletal traction with an external fixator
allows stretching and lengthening of the diseased
tissue, but the traction technique must be followed
quickly by definitive surgery or the contracture will

A

B

C

Figure 2 • Mechanism of displacement of the neurovascular bundle by a spiral
cord. A, The normal structures that produce a spiral cord in disease—the pre-
tendious band (1), the spiral band (2), the lateral digit sheet (3), and Grayson’s liga-
ment (4). B, As the four structures become diseased, the complex shortens and 
straightens, and the neurovascular bundle is displaced toward the midline of the
finger. C, With increasing proximal interphalangeal joint contracture, the neuro-
vascular bundle is displaced closer to the midline, and the point of displacement
becomes more proximal and more superficial. (From McCarthy JG [ed]: Plastic
Surgery. Philadelphia, Saunders, 1990.)



Dupuytren’s Contracture —— 611

T
h

e U
p

p
er E

xtrem
ity

rapidly recur. The extent of PIP joint contracture
release after excision of diseased tissue remains 
controversial. The addition of capsuloligamentous
release permits greater intraoperative correction.
However, the correction is not usually maintained
postoperatively, and the final result is comparable to
that in patients who undergo aponeurectomy alone.
Incomplete extension results in less functional loss
than does restricted flexion as a result of over-
zealous PIP joint release.

Management of Dupuytren’s disease, which is
predominantly palmar and causes only MCP joint
contracture, may be treated by open fasciectomy or
less invasive techniques. Subcutaneous fasciotomy
was first advocated by Dupuytren in 1832. It is best
suited for patients with thin palmar fascial cords
mainly affecting the MCP joints and for patients in
whom more extensive procedures are contraindi-
cated. It may also be used as a preliminary proce-
dure in patients requiring more extensive
fasciectomy to facilitate subsequent skin incisions
and dissection. Palmar segmental aponeurectomy
has demonstrated satisfactory long-term results.
Small curved incisions are made along the cord for
excision of intermittent lengths of cord while leaving
the intervening fascia intact. An advantage of this
technique is that it does not violate the proximal
finger compartment, thus making dissection easier
in cases requiring reoperation at a later stage. The
incidence of nerve damage is similar to that in open
techniques. 

Percutaneous needle fasciotomy is occasionally
useful in medically unstable patients and can be
performed with minimal morbidity in an outpatient
setting. Under local anesthesia, a 19-gauge needle
is used to sever the palmar cords while the digit is
extended. However, it is controversial because of the
potential for neurovascular injury and high rates of
recurrence.

The mainstay of treatment of combined palmar
and digital contracture remains limited fasciectomy
with an open palm technique or local skin advance-
ment (or both) by means of a Z-plasty or V-Y tech-
nique. The open palm technique involves transverse
incisions in the palm and the palmar digital area.
After contracture release there may be a gap of up
to 4 cm. The phalangeal incisions are closed, but the
palmar wound is allowed to heal secondarily. The
advantage of this technique is that early motion may
be commenced and many complications such as
hematoma formation, edema, pain, and joint stiff-
ness may be avoided. The technique does, however,
require approximately 2 to 3 weeks longer for wound
healing to occur.

Dermatofasciectomy involves removal of the fascia
as well as the overlying skin. The excised skin is
replaced with full-thickness skin grafts. Excellent
results have been reported with this method; however,
it has the drawbacks of poor graft sensibility and
contour, as well as increased stiffness from prolonged
immobilization. Although recurrence is rarely seen at

the site of the skin graft, contractures can recur at the
edges of the graft, as well as in ungrafted areas. These
factors, combined with donor site morbidity, relegate
dermatofasciectomy to recurrent cases or younger
patients with aggressive disease.

Restoration of range of motion and absence of
recurrent disease are important outcome measures
in surgery for Dupuytren’s contracture. Motion has
been reported to increase from 46% of normal pre-
operatively to 96% postoperatively with use of the
open palm technique; these gains are maintained
over the long term. However, Dupuytren’s disease
can recur in up to 74% of patients. Patients who
have surgery at an earlier age and those with severe
PIP joint or small finger involvement have higher
rates of recurrence. Patients who have been treated
by dermatofasciectomy rather than simple fasciec-
tomy also have recurrent disease, but secondary
surgery is required in only 15% of cases.

Nonsurgical

The history of treatment of Dupuytren’s contracture
has been characterized by numerous attempts at
successful nonoperative therapy. Physical modali-
ties such as physical therapy, splinting, and ultra-
sound have demonstrated little benefit. Medical
treatments such as oral corticosteroids, dimethyl
sulfoxide, allopurinol, and interferon similarly are
not successful and are burdened with significant
side effects. Radiotherapy shows moderate short-
term improvement, but its routine use for a benign
condition cannot be justified.

The use of enzymatic (clostridial collagenase) fas-
ciotomy may represent a significant advance in the
treatment of this condition. The enzyme targets the
excessive collagen deposition in Dupuytren’s disease
and attempts lysis and rupture of the finger cords.
Although early results have been encouraging, long-
term follow-up in a larger series of patients is
needed before this therapy achieves routine use.

Postoperative Care

The postoperative protocol is tailored by the com-
plexity of the procedure and the age of the patient.
Hand elevation is indicated in the early postopera-
tive phase. The role of the hand therapist is critical
in instituting a postoperative program to maximize
the functional outcome. It has been stated that 50%
of the operative results depend on effective post-
operative management. In general, postoperative
rehabilitation should be initiated after cessation of
the initial inflammatory phase, when the wound can
tolerate active motion without reactive flare. Splint-
ing should be started when active range of motion
is begun. Scar management and edema control
should be tailored to the patient’s needs. It is impor-
tant that the therapist and physician recognize and
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pain and rapid recurrence. This complication,
although difficult to treat, is improved by pain
control, oral steroids, and hand therapy to
maintain range of motion.

• When operating on patients with recurrent
disease, one must expect that the nerves and
vessels may have been damaged during the
primary procedure. Clinical examination
should include two-point discrimination testing
and a digital Allen test. Doppler examination
or angiography may also be indicated.
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expeditiously treat inflammatory flare-ups, which
are occasionally seen postoperatively, particularly 
in female patients. This can be a difficult challenge
for the patient and surgeon alike, but flare-ups can
be ameliorated by pain control, judicious use of
steroids, and gentle therapy to maintain active
range of motion.

Pearls and Pitfalls

• Dupuytren’s disease can be controlled, but not
cured by surgery. It is important to counsel the
patient about the natural history of the condi-
tion, the likelihood of multiple operations, and
the considerable risk for complications.

• The goal of treatment is to correct the func-
tional loss caused by contracture rather than to
eliminate all evidence of the condition.

• Beware of a postoperative “flare reaction,” 
particularly in younger female patients. It is
characterized by marked inflammation with



Peripheral nerve compression is a clinical problem
that results from chronic pressure on a nerve. Nerve
entrapment and nerve compression are equivalent,
but nerve compression implies a chronic condition.
Acute nerve compression is not the subject of this
chapter. Treatment requires correct diagnosis and
staging of the degree of nerve compression. Based
on staging, either nonoperative or surgical treat-
ment is indicated.

Etiopathogenesis

An increase in pressure on the nerve fascicle of
greater than 20 mm Hg decreases venous flow
within the nerve. The pressure can be applied exter-
nally by a factor that increases the volume within
the anatomic confines of the nerve (e.g., the syn-
ovium within the carpal tunnel) or by something
that increases the fluid within the epineurium (e.g.,
the glucose to polyol pathway in a diabetic patient).
After 2 months of such pressure, fluid leaks from the
endoneurial microvessels to create endoneurial
edema. By 6 months, demyelination begins and pro-
gresses. In time, axonal loss occurs. The electro-
physiologic parallels of these changes are an
increase in latency and slowing of conduction veloc-
ity as the myelin thins, and a decrease in amplitude
as axonal loss progresses. The parallels that occur
in neurosensory testing are increasing cutaneous
pressure or vibratory thresholds in the early stages
and an increase in two point–discrimination dis-
tance in the later stages. The clinical parallels are
a perception of tingling or pins and needles in the
early stage for the sensory component and weakness
for the motor component of the peripheral nerve. In
the later stage of chronic nerve compression, there
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is persistent sensory disturbance and numbness for
the sensory component and wasting or atrophy for
the motor component of the peripheral nerve.

Pathologic Anatomy

For each peripheral nerve, there are one or more
anatomic sites at which the nerve is susceptible to
compression. The sites may be normal anatomy,
abnormal anatomy, or normal anatomy that has
become abnormal through injury. Injury can cause
swelling, which, when combined with the immobi-
lization needed to treat a fracture/dislocation, can
result in chronic compression.

Diagnostic Criteria

Differential Diagnosis

To make a diagnosis of chronic nerve compression,
the physician must first include this possibility in
the differential diagnosis. If a patient complains of
tingling in the right thumb and index finger, the 
differential diagnosis must begin with a lesion of the
left postcentral gyrus and, proceeding distally, could
include compression of the C6 nerve root in the ver-
tebral foramen, compression of the upper trunk of
the brachial plexus by the anterior scalene muscle,
compression of the median nerve in the forearm by
the deep head of the pronator teres or a fibrous
origin of the flexor superficialis to the ring or middle
finger, or more distally, compression of the median
nerve in the carpal tunnel.
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History

The patient’s history is critical in making the correct
diagnosis. To continue with the example cited
earlier, nighttime awakening in a patient with
symptoms in the thumb and index finger clearly
points to the carpal tunnel as a source of the symp-
toms. If symptoms occur when the neck is turned, in
association with shoulder pain, cervical disk pathol-
ogy would be likely. If the patient has a history of 
a motor vehicle accident with whiplash, a cervical
disk and brachial plexus compression should be 
considered.

A peripheral nerve can be compressed at more
than one site (i.e., the double-crush syndrome). It is
most often seen with the combination of a C6 nerve
root and carpal tunnel syndrome or with cubital
tunnel syndrome and compression of the lower
trunk of the brachial plexus. It is less commonly
seen in compression of the radial nerve in the radial
tunnel and the radial sensory nerve in the forearm
or in compression of the median nerve in the carpal
tunnel and the median nerve in the forearm (prona-
tor syndrome).

Physical Examination

Physical examination is critical in diagnosing
chronic nerve compression. The skin territory and
the muscles innervated by the suspected nerve 
must be individually examined. For example, the
finding of abnormal sensibility of the little finger
pulp could mean that the ulnar nerve is compressed
at the wrist or the elbow. Finding abnormal sen-
sibility over the dorsal ulnar aspect of the hand 
or weakness of the flexor profundus to the little
finger identifies the source as being proximal to the
wrist.

Two other critical physical examination tech-
niques are used to make the diagnosis of chronic
nerve compression. The first involves variations of
external compression that produce symptoms. For
example, if the nerve crosses a joint at the site of
compression, flexion of that joint will increase pres-
sure on the nerve and elicit its symptoms. Examples
are wrist flexion for carpal tunnel syndrome
(Phalen’s sign) or elbow flexion to identify cubital
tunnel syndrome. Provocative tests that invoke the
muscle are also helpful, such as forearm pronation
to identify radial sensory nerve compression or ele-
vation of the hands above the shoulders to identify
compression of the brachial plexus in the thoracic
inlet. Direct pressure may be applied to the sus-
pected site of nerve entrapment, such as pressure
over the median nerve in the forearm or the brachial
plexus beneath the scalene muscle. The second crit-
ical maneuver is to percuss the nerve at the sus-
pected site of compression, usually at the region of
anatomic narrowing (Tinel’s sign). The sign as orig-
inally described noted distal progression of tingling
related to nerve regeneration over time after a nerve

injury. However, with respect to chronic nerve com-
pression, the pathophysiology just described creates
a mechanical sensitivity to percussion that permits
identification of the site of compression.

Electrodiagnostic and Neurosensory
Testing

Electrodiagnostic testing, although traditionally
used in patients suspected of having nerve entrap-
ment, is critical only for patients thought to have a
nerve root problem (i.e., a cervical or lumbosacral
disk cause). Such patients give a history of pain that
initiates in the neck or lower part of the back, and
selected electromyographic evaluation is necessary.
Reasons against performing routine electrodiagnos-
tic testing are that (1) it has a high false-negative
rate, (2) it is unable to identify certain nerve com-
pressions, (3) it is painful, (4) it is expensive and
often costs more than a surgical decompression 
procedure, and (5) it cannot identify superimposed
nerve compression in a patient with neuropathy.

Alternatively, neurosensory testing is reliable,
valid, and painless. It measures the cutaneous 
perception threshold for temperature, vibration, and
pressure and gives a definitive measurement of
either small fiber function (thermal threshold, C and
A-delta fibers) or large fiber function (vibration and
pressure, A-beta fibers). The instrument of choice 
is the Pressure-Specified Sensory Device. It is useful
for identification and documentation of peripheral
problems, including nerve compression, neural
regeneration, and neuropathy.

Neurosensory testing provides the basis for treat-
ment of peripheral nerves. Based on the measure-
ments, the degree of nerve compression can be
staged. Examples of numerical staging systems are
given for the median, ulnar, and posterior tibial
nerves in Tables 1 to 3. With the use of staging or
numerical grading, appropriate treatment can be
planned.

Treatment

Nonoperative Therapy

When the degree of nerve compression is mild,
specifically grades 1 to 4, the nerve may recover
without surgical decompression (Fig. 1). Nonopera-
tive treatment varies depending on the nerve com-
pressed, but the principle is to “unload” the nerve
where the pressure occurs. For example, with com-
pression of the median nerve in the carpal tunnel,
splinting the wrist in neutral position at night and
during daily activities such as typing “unloads” the
compression associated with wrist flexion. For
cubital tunnel syndrome, wrapping the arm with a
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towel at night prevents sleeping with the elbow
flexed and can help to relieve symptoms and avoid
surgery.

Operative Treatment

Surgical treatment is directed at removal of any
structure that can cause compression of the periph-
eral nerve. The techniques have been extensively
described and are not reviewed here. However,
certain specific technical points deserve to be out-
lined for some of the less common nerve entrapment
sites.

The median nerve in the forearm is best
approached with a straight or S-shaped, 6- to 8-cm
incision on the volar aspect of the forearm. Through
this incision, the forearm fascia is divided, includ-

ing the lacertus fibrosus. The same approach should
be used for both pronator syndrome and anterior
interosseous nerve compression. It is important to
avoid injury to the medial and lateral antebrachial
cutaneous nerves. The site of compression is almost
always the deep head of the pronator teres or the
fibrous arch of the superficialis muscles. The median
nerve should be completely freed through the areas
of these structures. The site of compression is almost
never proximal to the elbow, and a long zigzag inci-
sion is not necessary. If it is believed that there is
an entrapment site proximal to the elbow, a sepa-
rate small incision above the medial humeral epi-
condyle can be used.

The radial nerve at the elbow is approached with
a curved or straight incision over the extensor
muscle mass in the forearm distal to the lateral

TABLE 1 Numerical Grading Scale for 

the Median Nerve at the Wrist Level

NUMERICAL SCORE
DESCRIPTION OF 

Sensory Motor IMPAIRMENT

0 0 None
1 Paresthesia, intermittent
2 Abnormal pressure threshold 

(Pressure-Specified 
Sensory Device)
<45 years old

£3 mm at 1.0–20 g/mm2

≥45 years old 
£4 mm at 2.2–20 g/mm2

3 Weakness, thenar muscles
4 Abnormal pressure threshold 

(Pressure-Specified 
Sensory Device)
<45 years old

£3 mm at >20.0 g/mm2

≥45 years old
£4 mm at >20.0 g/mm2

5 Paresthesias, persistent
6 Abnormal innervation density 

(Pressure-Specified 
Sensory Device)
<45 years old

≥4 mm to <8 mm at any 
g/mm2

≥45 years old
≥5 mm to <9 mm at any 

g/mm2

7 Muscle wasting (1–2/4)
8 Abnormal innervation density 

(Pressure-Specified 
Sensory Device)
<45 years old

≥8 mm at any g/mm2

≥45 years old
≥9 mm at any g/mm2

9 Anesthesia
10 Muscle wasting (3–4/4)

TABLE 2 Numerical Grading Scale for 

the Ulnar Nerve at the Elbow Level

NUMERICAL SCORE
DESCRIPTION OF 

Sensory Motor IMPAIRMENT

0 0 None
1 Paresthesia, intermittent

2 Weakness in pinch/grip (lb)
Female: 10–14/26–39
Male: 13–19/31–59

3 Abnormal pressure threshold 
(Pressure-Specified 
Sensory Device)
<45 years old

£3 mm at 1.0–
20.0 g/mm2

≥45 years old
£4 mm at 1.9–

20.0 g/mm2

4 Weakness in pinch/grip (lb)
Female: 6–9/15–25
Male: 6–12/15–30 

5 Paresthesia, persistent
6 Abnormal innervation density 

(Pressure-Specified 
Sensory Device)
<45 years old

≥4 mm to <8 mm at any 
g/mm2

≥45 years old
≥5 mm to <9 mm at any 

g/mm2

7 Muscle wasting (1–2/4)
8 Abnormal innervation density 

(Pressure-Specified 
Sensory Device)
<45 years old

≥8 mm at any g/mm2

≥45 years old
≥9 mm at any g/mm2

9 Anesthesia
10 Muscle wasting (3–4/4)
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humeral epicondyle. The same approach should be
used for both radial tunnel syndrome and the pos-
terior interosseous nerve. The radial and posterior
interosseous nerves should be identified and freed.
If compression is suspected above the elbow, a sep-
arate incision is used. It is important to avoid injury
to the posterior cutaneous nerve of the forearm. It
is also important to identify and divide the fibrous
edge of the extensor carpi radialis brevis and the
supinator fascia (arcade of Fröhse).

The ulnar nerve at the elbow is often compressed
by an accessory origin of the medial head of the
triceps, which can cross over the nerve. If present,
it should be divided. When performing anterior
transposition of the ulnar nerve, care should be

taken to divide the fascia from the medial head of
the triceps to the medial intramuscular septum. 
In addition, it is important to remove a segment of
the medial intermuscular septum and divide the
periosteal origin of the flexor carpi ulnaris from the
ulna at the distal ulnar nerve transposition point.
Patients should begin early elbow movement post-
operatively.

Peroneal nerve compression can occur at several
sites. For the common peroneal nerve at the fibular
neck, the fascia superficial to the peroneus longus
muscle is divided, the muscle is elevated, and the
fibrous bands deep to the muscle are evaluated.
Bands are present in approximately 20% of cadav-
ers, but in 80% of patients coming to surgery. Care
must be taken to observe the entrance of the small
motor fascicles into muscle just past these bands.
For the superficial peroneal nerve in the leg, approx-
imately 20% of patients have a proximal division of
the nerve, thus mandating evaluation and fas-
ciotomy of both the anterior and the lateral com-
partments. The anterior tarsal tunnel is never a site
of entrapment unless the ankle has been crushed,
fused, or skin grafted. If the deep peroneal nerve is
compressed distally, beneath the extensor hallucis
brevis tendon, the tendon must be excised.

TABLE 3 Numerical Grading Scale for 

the Posterior Tibial Nerve at the Ankle

NUMERICAL SCORE
DESCRIPTION OF 

Sensory Motor IMPAIRMENT

1 Paresthesia, intermittent
2 Abnormal pressure threshold 

(Pressure-Specified 
Sensory Device)
<45 years old

£6.3 mm at 6.8–
30 g/mm2

≥45 years old
£8.3 mm at 25–

40 g/mm2

3 Weakness, thenar muscles
4 Abnormal pressure threshold 

(Pressure-Specified 
Sensory Device)
<45 years old

£6.3 mm at >30.1 g/mm2

≥45 years old
£8.3 mm at >40.1 g/mm2

5 Paresthesias, persistent
6 Abnormal innervation density 

(Pressure-Specified 
Sensory Device)
<45 years old

≥6.3 mm to <10 mm at 
any g/mm2

≥45 years old
≥8.3 mm to <11 mm at 

any g/mm2

7 Muscle wasting (1–2/4)
8 Abnormal innervation density 

(Pressure-Specified 
Sensory Device)
<45 years old

≥10.1 mm at any g/mm2

≥45 years old
≥11.1 mm at any g/mm2

9 Anesthesia
10 Muscle wasting (3–4/4)
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Figure 1 • Life table analysis of the results of nonoperative
management of cubital tunnel syndrome. For statistical pur-
poses, a successful outcome of nonoperative management
was defined as not including a surgical procedure. From the
graph, 89% of patients with intermittent symptoms only (grade
1), 67% of patients with intermittent symptoms and an
increased sensorimotor threshold (grades 2, 3, and 4), and 38%
of patients with persistent symptoms and signs of degenera-
tion (grades 5, 6, and 7) did not undergo surgery. Patients with
grades higher than 7 had surgery without a trial of nonopera-
tive treatment. These differences were significant at the P <
.001 level. (Redrawn from Dellon AL, Hament W, Gittelsohn A:
Non-operative management of cubital tunnel syndrome:
Results of an eight year prospective study. Neurology 43:1673-
1677, 1993.)
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With regard to the tibial nerve at the ankle, the
tarsal tunnel is not the site of compression in tarsal
tunnel syndrome. The flexor retinaculum is invari-
ably loose unless there has been previous surgery or
immobilization for an ankle injury. The tarsal
tunnel must be opened to identify variations in the
calcaneal nerves and in the tibial nerve itself, which
may have a high division and require internal neu-
rolysis, depending on the degree of fibrosis identi-
fied intraoperatively. An incision must be planned
across the abductor hallucis brevis muscle, centered
on the lateral plantar tunnel, to provide access to
the medial and lateral plantar and calcaneal
tunnels. It is the more distal tunnels in which a
pressure increase causes symptoms. The fascia of
the abductor must be released superficially, the
muscle retracted, and the medial and lateral plantar
tunnels identified. Each can be cannulated to
demonstrate its tightness and identify the course of
the tunnel, which is toward the navicular for the
medial tunnel and directly across the foot for the
lateral tunnel. The roof of each tunnel is incised, and
the septum between the tunnels is cauterized and
excised to create one large tunnel. The fascia from
the roof of the lateral tunnel is followed posteriorly
to identify the calcaneal tunnel. Fifty percent of
patients have a 1-mm sensory branch to the skin of
the arch that arises from the medial plantar nerve
and crosses the vessels. The sensory nerve passes
directly beneath the incision.

Postoperative Care

Mobilization of the decompressed peripheral nerve
is the most important aspect of treatment. The tech-
nique used to decompress the peripheral nerve must
permit early movement of the joint across which the
nerve travels or the nerve will become adherent in
its newly decompressed position. For carpal tunnel
surgery, the splint is worn for only the first week 
to ensure the flexor tendons stay within the carpal
tunnel and to avoid bowstringing. During this week,
finger flexion and extension permit the median
nerve to glide. No splint is used for cubital tunnel
surgery, but rather, immediate postoperative elbow
range of motion is encouraged, avoiding complete
elbow extension. The latter is permitted after the
first week. For radial nerve surgery, forearm supina-

tion and pronation, as well as elbow movement, are
encouraged. For tarsal tunnel surgery, the patient is
placed in a large, bulky, Robert Jones–type dressing
to permit immediate postoperative ambulation. A
walker instead of crutches is used because a walker
permits the tibial nerve to glide and prevents heel
cord contracture. For peroneal nerve surgery, imme-
diate ambulation is permitted. After brachial plexus
neurolysis and scalenectomy, immediate head
turning and shoulder shrugs are encouraged on an
hourly basis for the first week.

Pearls and Pitfalls

• The history and physical examination can be
used to diagnose peripheral nerve compression
in 90% of patients. The diagnosis can be docu-
mented with neurosensory testing.

• Electrodiagnostic testing has such a high false-
negative rate that it is reserved for patients
suspected of having nerve root compression.

• Patients with diabetic neuropathy have numb-
ness, tingling, and pain that can be relieved by
decompression of the peroneal nerve at the
knee and dorsum of the foot and by decom-
pression of the four medial ankle tunnels.

• More than one nerve entrapment may be
present, and the second entrapment may be sit-
uated at more than one site along the course of
the same peripheral nerve.

• Avoid injuring a cutaneous nerve at the inci-
sion site to prevent painful neuromas postop-
eratively.
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Vascular insufficiency of the upper extremity is a
relatively rare problem that can be caused by a wide
variety of clinical conditions. Acute ischemia of any
cause is a surgical emergency that demands imme-
diate evaluation and treatment. Vascular insuffi-
ciency of more insidious onset may not cause
symptoms until late in the disease process because
of the relatively low metabolic demands of the upper
extremity. Regardless of the cause, vascular insuffi-
ciency can ultimately result in tissue loss, intolera-
ble pain, or both. Successful treatment can be a
formidable surgical challenge.

Etiopathogenesis/Causative Factors

Causes of vascular insufficiency of the upper
extremity can be broadly categorized into three
groups: trauma, including iatrogenic injuries; ather-
osclerosis; and connective tissue or vasospastic dis-
eases. Thromboembolic arterial occlusion can result
from any of these events and is frequently the cause
of the initial symptoms.

Iatrogenic upper extremity vascular occlusion can
be secondary to a variety of medical procedures, but
any procedure that cannulates an artery can result
in arterial occlusion. Brachial artery puncture for
cardiac catheterization results in occlusion in
approximately 1% of cases. In addition, dialysis
access procedures may culminate in hand ischemia
as a result of arterial steal.

Acute penetrating trauma of an artery can result
in the formation of a pseudoaneurysm, which gen-
erally manifests as a pulsatile hematoma. Contu-
sion or repetitive blunt trauma can damage the
arterial media layer and cause dilatation and true
aneurysm formation.

Vascular Insufficiency 
and Ischemia

GABRIEL M. KIND
KIRSTEN WESTBERG

Atherosclerotic disease can occur anywhere along
the arterial tree and can cause symptoms either by
occlusion of the artery at the site of disease or by
embolic occlusion of a distal vessel. Atherosclerotic
disease can also result in aneurysm formation.

The list of systemic diseases that can result in
vascular ischemia of the upper extremity is varied
(Table 1). Connective tissue disorders cause deposi-
tion of antigen-antibody complexes in the vascular
endothelium, thereby leading to occlusion of small
arteries. In the hand, such deposition usually occurs
at the level of the proper digital arteries. Several
inflammatory diseases can also result in hand
ischemia. Inflammation of part of or the entire vas-
cular wall can lead to spasm or thrombosis and, 
ultimately, vascular insufficiency. Buerger’s disease
(thromboangiitis obliterans) is caused by inflamma-
tion of all layers of the vessel wall and may be due
to a reaction to tobacco smoke.

The main vasospastic disorders are Raynaud’s
disease and Raynaud’s syndrome. Raynaud’s disease
is a primary diagnosis of vasospasm, whereas
Raynaud’s syndrome or phenomenon is a secondary
diagnosis assigned to vasospasm resulting from an
underlying disease. Both can cause decreased nutri-
tional flow and reduced oxygen delivery resulting in
ischemia and cell death. In addition to pain and cold
intolerance, patients may complain of weakness and
decreased sensation in their fingers. The examiner
may detect loss of dermal ridges, color changes
(pallor, cyanosis, rubor), coolness, abnormal hidro-
sis, or tissue breakdown.

A number of conditions are associated with
Raynaud’s phenomenon: thoracic outlet syndrome,
dialysis shunting, vibration-induced injures, 
frostbite, toxins (tobacco, lead, vinyl chloride, 
stimulants), scleroderma, rheumatoid arthritis,
cancer, hypothyroidism, and blood dyscrasias 
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The ulnar artery enters the hand at the lateral
aspect of the pisiform bone and contributes to the
superficial palmar arch. A deep branch passes dor-
sally to the hypothenar muscles and sends a branch
to the deep palmar arch. A branch is also given to
the ulnar aspect of the little finger. The convexity of
the superficial arch runs approximately with
Kaplan’s line, dorsal to the palmar aponeurosis.
Three common digital arteries pass volar to the
second, third, and fourth lumbricals and divide into
two proper digital arteries in the second, third, and
fourth web spaces.

The deep palmar arch lies at the proximal aspect
of the metacarpal bones and is deep to the flexor
tendons and adductor pollicis muscle. The princeps
pollicis artery is the first volar metacarpal branch of
the deep palmar arch. It most often provides the
radial and ulnar digital arteries to the thumb and
often the radial digital artery to the index finger.

Cadaver dissections have demonstrated that the
superficial palmar arch is “complete” in approxi-
mately 80% whereas the deep arch is complete in
97%. Despite a significant amount of variance,
radial artery dominance is more common. There
appears to be a low rate of clinical radial-ulnar inde-
pendence inasmuch as only 7% of ulnar and 2% of
radial arteries fail to perfuse the hand within 6
seconds.

Diagnostic Studies

In a setting of acute vascular insufficiency, it is
important to determine the mechanism and circum-
stances of the injury or event, the duration of symp-
toms, treatment before initial evaluation, past
medical history, medications, tobacco use, occupa-
tion and occupational exposure, repetitive injury,
and previous similar occurrences or injury. A patient
with a history of chronic vascular insufficiency
should be questioned about timing, frequency, treat-
ments, environments, or activities that make symp-
toms worsen or improve; family history and past
medical history, with a specific focus on autoimmune
disorders, blood dyscrasias, and diseases affecting
the microvasculature (e.g., diabetes mellitus, renal
disease, malignancies); age at onset; the presence of
unilateral or bilateral disease; and changes in sen-
sation or strength.

Physical examination should include the entire
upper extremity, including the neck. It is necessary
to compare both arms. Documentation is made of
atrophy, edema, skin quality, previous surgical or
injury sites, soft tissue or skeletal deformities, and
ulcerations or gangrene. When assessing the hand,
particular attention is paid to color, posture, mot-
tling, and calluses or masses. Nail growth, signs of
infection, deformities, and nail bed color are evalu-
ated. The extremity is examined for temperature
changes, hidrosis, pulses, capillary refill, digital

(cryoglobulinemia, polycythemia vera); however,
most patients have no associated disorder.

Anatomy

The axillary artery becomes the brachial artery at
the inferior border of the teres major muscle. As the
brachial artery courses distally, it travels from the
medial to the anterior aspect of the humerus before
terminating as the radial and ulnar arteries at the
level of the neck of the radius. The ulnar artery runs
deep to the flexor muscle bellies and becomes more
volar in the distal end of the forearm. Branches of
the ulnar artery in the forearm include muscular
branches, recurrent branches around the elbow and
wrist, and the common interosseous artery. The
common interosseous artery divides anteriorly and
posteriorly. The median artery is a branch of the
former. Nutrient and muscular branches, as well as
anastomotic branches about the wrist, arise from
the anterior and posterior interosseous arteries. The
ulnar artery terminates as the primary contributor
to the superficial palmar arch.

The radial artery travels laterally in the forearm
and is slightly smaller than the ulnar artery. Similar
to the ulnar artery, it begins near the neck of the
radius and runs deep to the muscle bellies; it
becomes more superficial in the distal part of the
forearm. Radial artery branches include the muscu-
lar and recurrent arteries in the forearm. The dorsal
or posterior branch of the radial artery enters the
dorsum of the hand at the radial styloid process
under the tendons of the first dorsal compartment.
A branch passes through the two heads of the first
dorsal interosseous artery to the palm and joins the
deep palmar arch. The radial artery is the main con-
tributory artery of the deep palmar arch; a super-
ficial volar branch from the radial artery on the
abductor pollicis brevis connects to the superficial
palmar arch.

TABLE 1 Systemic Causes of Vascular

Insufficiency of the Upper Extremity

Atherosclerosis
Connective tissue disorders

Lupus
Scleroderma
Rheumatoid arthritis

Inflammatory disorders
Thromboangiitis
Giant cell arteritis
Takayasu’s arteritis
Uremic arteritis
Polyarteritis nodosa
Dermatomyositis

Sepsis
Deep venous thrombosis
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turgor, and palpable masses. Any mass should be
evaluated for pulsations and compressibility. Neu-
rologic status, both sensory and motor, is recorded.

An Allen test is usually part of the evaluation of
blood supply to the hand. The radial and ulnar
arteries are occluded at the wrist while the patient
clenches the fist to exsanguinate the hand. The
result is considered abnormal if release of pressure
over either of the arteries results in greater than a
6-second delay in digital reperfusion. Allen’s test is
useful as a quick screening test but has been shown
to have a significant rate of false-positive results.

An external Doppler ultrasound probe can be
used to provide a quick, noninvasive method for
assessment of adequate flow and vessel integrity.
Besides the major vessels, pulses can be evaluated
at the palmar arch, common and proper digital
arteries, and the superficial radial branch. Doppler
signals should be assessed at various arterial land-
marks with digital compression on others to detect
audible discrepancies from the normal triphasic flow
pattern.

The gold standard for evaluating the macrovas-
culature of the upper extremity is angiography.
Information regarding the direction of flow, patency
of vessels, and collateral circulation may be assessed
by this method. Complications of angiography
include allergic reaction to contrast media,
hematoma or damage (or both) to the vessel at the
injection site, renal failure, brachial plexus injury,
aortic dissection, and dislodgment of emboli.

Radionuclide imaging using technetium 99m
pertechnetate to tag red blood cells is useful for
assessing vascular insufficiency states. This mini-
mally invasive technique provides dynamic and
static information regarding vascular perfusion and
anatomy.

Magnetic resonance angiography is a noninvasive
technique for assessing vasculature. Among its
advantages is the ability to visualize all layers of 
a blood vessel without a dye load or radiation 
exposure. Computed tomographic angiography is
another recently developed technology that also has
the advantage of avoiding arterial cannulation.

A number of other techniques may be available
for evaluating the vasculature of the upper extrem-
ity, although they usually add little to the evalua-
tion of a patient with severe ischemia. Digital
plethysmography, color duplex imaging, transcuta-
neous partial pressure of oxygen, intramuscular pH
measurements, indicator dilution techniques, laser
Doppler fluxmetry, and skin surface temperature
recordings all provide information regarding flow or
perfusion (or both) of the digits, but they add little
to understanding of the arterial anatomy. Cold
stress testing and vital capillaroscopy may be
helpful in the evaluation and treatment of vasospas-
tic disorders, but they do not delineate vascular
pathology.

Standard laboratory testing is undertaken when
assessing a patient for possible vascular insuffi-

ciency. Such tests include a complete blood count,
erythrocyte sedimentation rate, and a comprehen-
sive metabolic panel. Depending on the history and
physical examination, plain radiographs (hand and
thoracic outlet) may be appropriate.

Reconstructive Goals

The goals in treating vascular insufficiency of the
upper extremity are to provide the patient with a
well-perfused, nonpainful, functional, sensate, and
normal-appearing upper extremity.

Treatment

Treatment of suspected or known vascular com-
promise is dependent on the diagnosis. Treatment
may also be determined by the extent of injury, 
the involved vessel, and the presence of collateral
circulation.

Embolism

The sudden onset of hand ischemia is often indica-
tive of embolization. The cause may be elucidated by
the history and physical examination. Angiography
is helpful in defining the location of the pathology
and noting the presence of collaterals. The upper
extremity is the destination of 15% of emboli; the
heart is the source more than half the time. Cardiac
emboli tend to be larger than arterial emboli and
consequently cause occlusion of proximal arm
vessels or at the ulnar/radial artery takeoff. Poten-
tial causes of emboli include atrial fibrillation,
myocardial infarction, thoracic outlet syndrome,
arteriosclerotic plaque, vascular grafts, trauma, and
aneurysms. Symptoms such as pain, pallor, pares-
thesias, pulselessness, and paralysis suggest a 
relatively proximal source. Patients who have
Raynaud’s-type symptoms generally have emboli
from atherosclerosis or thrombi that have showered
the arterial tree more distally.

Although some emboli or thrombi may sponta-
neously dissolve, ischemic changes and potential
gangrene necessitate more aggressive intervention.
Thrombolytic agents are used when surgical recon-
struction is not possible (e.g., very distal numerous
lesions or an unstable patient). Thrombolytic agents
may be also considered in cases of nonembolic
thrombosis, the most common causes of which are
atherosclerosis, low-flow states, or intraarterial
injections.

EMBOLECTOMY. To perform embolectomy, the
artery of concern is accessed via surgical exposure.
An arteriotomy is made in the vessel proper or a 
side branch. The size of the arteriotomy incision



Vascular Insufficiency and Ischemia —— 621

T
h

e U
p

p
er E

xtrem
ity

should be sufficiently large to pass the appropriately
sized Fogarty catheter (2.0- or 3.0-mm catheters 
for the forearm, 1.0- or 1.5-mm catheters for the
distal part of the palm). In cadaveric studies it was
impossible to displace emboli more distally with
Fogarty catheters. The catheter passes either
through the embolus or between it and the arterial
wall. Pressure far greater than surgically necessary
would need to be exerted to cause arterial rupture
or dissection of plaques. The Fogarty catheter is
gently fed into the artery until resistance is encoun-
tered. The balloon on the catheter is cautiously
inflated with saline and pulled back toward the arte-
riotomy site. It is important to adjust the tension on
the balloon to the point of mild resistance. The
embolus is evacuated through the arteriotomy site.
The process is repeated until no further evidence of
extractable clot is found. Thrombolytic therapy is
added in patients with persistent hypoperfusion 
distally.

The arteriotomy is closed under magnification.
The vascular repair may be monitored by external
or internal Doppler; fluorescein injections may be
used to assess distal perfusion. Monitoring for 
compartment syndrome should also be performed.
Dextran and heparin infusions may be started and
continued for approximately 1 week. Oral anticoag-
ulants are generally started perioperatively and
continued for 3 months.

THROMBOLYTIC THERAPY. Urokinase and strep-
tokinase convert plasminogen to plasmin and
thereby cause fibrin clot degradation. Intraarterial
delivery is usually performed with concomitant
intravenous administration of heparin to prevent
pericatheter thrombosis. Fibrinogen levels are mon-
itored at least every 12 hours; infusion rates are
halved for fibrinogen levels less than 150 mg/dL and
stopped if less than 100 mg/dL, until levels of 
fibrinogen have normalized (165 to 365 mg/dL).

The combination of a powerful thrombolytic agent
with an invasive delivery system can lead to major
complications. Patients receiving such therapy need
to be monitored closely, and patient selection is
extremely important. It must be emphasized that if
there is an injured arterial segment, thrombolysis is
only a temporizing measure until excision of that
segment can be performed.

Traumatic Arterial Occlusion

Direct or repeated trauma to an extremity can result
in arterial injury and thrombus formation. In the
upper extremity this most commonly occurs at the
ulnar artery in the palm (“hypothenar hammer” syn-
drome), but it can also occur at the radial artery in
the snuffbox, the digital arteries, or more proximally
in the axillary or brachial arteries as mentioned pre-
viously. Digital artery thrombosis can be seen with
the use of heavy vibratory machinery such as jack-
hammers and has also been reported in baseball

catchers as a result of repeated trauma to the base
of the index finger.

It is important to recognize that simple occlusion
of a single digital artery or even a major vessel such
as the radial or ulnar artery rarely causes ischemia
because of the rich collateralization usually found in
the hand. However, removal of the clot plus excision
of the injured vessel is required to eliminate a source
of potential emboli.

Arterial Reconstruction

When thrombus formation or trauma results in
intimal damage, the injured arterial segment is
removed. Primary anastomosis may be undertaken
if there is no tension at the arterial repair site. It is
important that the injured artery be excised. The
possibility of thrombus canalization must be ruled
out because it may compromise the repair if not
removed.

Grafts are often necessary to bridge healthy
artery to healthy artery. Donor veins may include
superficial leg (saphenous or dorsal foot), cephalic,
or distal forearm veins. Vein grafts are flushed with
heparinized saline before the anastomosis. The
proximal anastomosis may be performed first to
assess blood flow through the graft and to ensure
that the graft is not twisted and that it is reversed.

Arteries are occasionally used as grafts for arter-
ial reconstruction. Although “expendable” artery is
generally a misnomer, the radial and internal
mammary arteries are increasingly being used as
donor arteries for cardiac revascularization. In the
upper extremity, arterial grafts can occasionally be
harvested from a nonreplantable part or a non-
reconstructible artery.

Size mismatch of vessels can be accommodated
for by a number of methods. The donor and recipi-
ent ends can be cut to match sizes. Oblique cuts or
longitudinal incisions into the vessel increase the
diameter. To decrease the diameter of a vessel, a V-
shaped excision of vessel can be closed primarily.
Excellent suture technique is critical in this lumen-
narrowing procedure. The end-to-side technique
may also compensate for size mismatch. A sleeve
anastomosis may be used when the proximal vessel
is smaller than the distal vessel. This technique is
also beneficial in cases in which the recipient vessel
is severely calcified. The smaller vessel is telescoped
into the larger vessel by placing partial-thickness
sutures in the proximal vessel and full-thickness
arterial wall sutures inside to outside in the distal
vessel. Sleeve anastomoses take less time and have
been reported to have patency rates comparable to
those of the end-to-end technique.

Aneurysms

Arteries with aneurysmal formation may be ligated
if the collateral circulation is sufficient, although
proximal aneurysms of the upper extremity should
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be treated by resection and vascular reconstruction.
Treatment of those located distally in the forearm
and hand is dependent on the preoperative and
intraoperative findings. Ligation of the affected
artery can be performed if adequate collateral cir-
culation is noted despite occlusion of the affected
vessel. Reconstruction is undertaken when it is tech-
nically feasible and when the presence of back-
bleeding is noted intraoperatively.

An ulnar artery aneurysm in the palm is treated
by resection and ulnar nerve decompression in
Guyon’s canal. The artery can occasionally be
repaired primarily, although a short-segment vein
graft is usually required. There remains some con-
troversy regarding the need for reconstruction of the
ulnar artery in such cases. Those arguing against
reconstruction point to reported cases of recurrent
aneurysm formation at the repair sites, relatively
poor patency rates of the reconstructed artery, and
the fact that the benefit of reconstruction has not
been clearly demonstrated. However, reconstruction
of a short segment of the ulnar (and for that matter
the radial) artery in the wrist or hand is nearly
always justified.

Sympathectomy

Peripheral sympathectomy alone or in conjunction
with arterial reconstruction may increase distal per-
fusion in the upper extremity. Removal of the direct
sympathetic innervation of arterial smooth muscle
results in diminution of vasoconstriction. In addi-
tion, peripheral sympathectomy appears to correct
abnormal arteriovenous shunting, thus improving
nutritional blood flow to the ischemic areas. Periph-
eral sympathectomy may be more beneficial than
more centrally placed sympathectomy (cervicotho-
racic) for several reasons. By excising the sympa-
thetic input at the end-organ, sympathetic fibers
that bypass the sympathetic trunk are included.
This technique lessens the opportunity for alterna-
tive pathways to affect end-organs and decreases
receptor upregulation. It is also thought that direct
elimination of the dense concentrations of sympa-
thetic fibers at arterial bifurcations by adventitial
excision improves the results of surgery. Sympa-
thectomy has been shown to benefit patients with
Raynaud’s phenomenon, as well as those with 
multilevel unreconstructible occlusive disease.

The specific indications for and details of the sur-
gical technique of peripheral sympathectomy are still
evolving. Patients who have persistent vasospasm
resulting in cold intolerance, pain, and ulceration,
despite medical management and changes in social
habits, are candidates for surgical sympathectomy.

Arterialization of the Venous System

Arterialization of the venous system is a procedure
first proposed at the beginning of the last century as
an alternative means of providing arterial blood flow

to ischemic tissue. It is a salvage technique used
when there is no way to restore antegrade arterial
flow. In the upper extremity, the in situ technique is
used to anastomose an artery to a vein on the
dorsum of the distal end of the forearm or hand.
Venous side branches are ligated to direct flow dis-
tally to the fingers, and valvulotomies are performed
to overcome the valves to the level of the dorsum 
of the hand. More distally, the valves eventually
become incompetent with resultant improved perfu-
sion of the fingers. In addition, arterialization of the
venous system appears to stimulate neovasculariza-
tion. Patients with extensive necrosis or infection
should not be treated by arterialization of the
venous system because the initial postprocedure
edema may cause worsening of necrosis and infec-
tion. The initial edema gradually resolves, and
wounds heal with an impressive reduction in pain
(Fig. 1).

Microvascular Transplantation

Microvascular tissue transplantation is another pro-
cedure that can improve the distal blood supply in
patients in whom bypass or in situ vein grafting is
not feasible. It is based on the observation that well-
vascularized tissue results in improved perfusion of
the surrounding tissue. Omental or thin pliable
flaps have been reported to reduce pain and improve
wound healing in the hand and permit tendon
gliding. The flap is placed in skin pockets or covered
with a split-thickness skin graft.

Revascularization of Amputated Parts

Acutely amputated digits or upper extremities are
usually revascularized directly by repair or by
reconstruction of the injured artery or arteries. As
in reconstruction after thrombus removal, damaged
arteries need to be débrided as far back as uninjured
vessel. In an attempt to gain length, the artery may
be mobilized from the surrounding tissue, reversed
vein grafts may be used to bridge arterial segments,
and arteries from unreplantable digits may be used
as donor grafts. Heparinized saline catheter arter-
ial shunts may be used in injuries involving a 
significant muscle component with a prolonged
ischemia time.

Nonsurgical Treatment

A wide variety of pharmacologic agents are used to
treat vascular insufficiency, including calcium
channel blockers (nifedipine, verapamil, diltiazem),
sympathicolytics (phentolamine, phenoxybenza-
mine, guanethidine), angiotensin-converting enzyme
inhibitors (captopril), serotonin receptor antagonists
(ketanserin), endogenous neuropeptide vasodilators
(calcitonin gene–related neuropeptides), drugs
altering prostaglandin metabolism (alprostadil),
and rheologic agents (aspirin, pentoxifylline). 
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Figure 1 • A, The hand of a 39-year-old man with end-stage renal disease and long-standing insulin-dependent
diabetes mellitus. The patient had necrosis of the fingers and severe pain. B, Arteriogram of the hand showing a
lack of reconstructible digital vessels. C, Intraoperative view showing end-to-side anastomosis of the cephalic vein
to the radial artery. D, The hand 2 months postoperatively. The wounds are healed with a marked reduction in pain.
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propagation. The period of anticoagulation required
is somewhat arbitrary; if embolectomy is performed
or if there is thrombus in smaller vessels, the
patient is treated with warfarin (Coumadin) for 3
months.

Pearls and Pitfalls

• Vascular ischemia of the upper extremity lends
itself poorly to shortcuts in treatment. Accurate
diagnosis is the most expeditious way to deter-
mine a beneficial treatment plan. 

• A combination of surgical approaches (vascular
bypass or reconstruction plus sympathectomy,
or both) is often indicated in patients with
upper extremity vascular insufficiency.

• Incisions should be planned carefully, as this
patient population has a high incidence of
wound complications.
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Antidepressants (tricyclic antidepressants, selective
serotonin reuptake inhibitors) have also been 
used.

The clinical efficacy of the aforementioned med-
ications remains difficult to prove. Calcium channel
blockers, specifically nifedipine, are the most com-
monly prescribed pharmacologic intervention for
vasospastic disorders of the upper extremity. By
reducing smooth muscle action, they decrease the
vasoconstriction caused by sympathetic input.
Nifedipine has also been shown to be efficacious
treatment for patients with Raynaud’s syndrome.

Care must be taken when deciding on the appro-
priate pharmacologic intervention. It is important to
understand that many of the agents suggested for
the management of vasospasm are not necessarily
specifically approved for these disorders.

Biofeedback therapy depends on the ability of
patients to voluntarily control their autonomic
reflexes. Patients visualize and concentrate on
improving blood flow and increasing the tempera-
ture of their hand or involved upper extremity.

Postoperative Care

The wide variety of diseases and treatments dis-
cussed require specific postoperative care. However,
a few generalizations can be made. Anticoagulation
is not routinely required after vascular reconstruc-
tion or microvascular transplantation. However, if
thrombectomy is performed or if there is known or
suspected clot in the vascular tree, a period of anti-
coagulation is usually indicated to minimize clot



Treatment of congenital malformations of the upper
limb provides challenge and opportunity for the
reconstructive hand surgeon. The subtle differences
in each affected hand and the broad spectrum of
anomalies encountered defy standardized treatment
protocols. Diagnosis is made more difficult by the
small size and complexity of the pediatric hand.
Experience in the field is cumulative; however,
useful outcome information cannot be obtained until
the child has approached skeletal maturity. This
chapter highlights the recent technologic and surgi-
cal advancements that have contributed greatly to
the treatment of these children.

Classification

Most early attempts at classifying congenital hand
deformities were based on a descriptive approach
and lacked an embryologic or anatomic basis.
Although the embryology of the upper extremity has
unfolded over the past century, proper classification
systems and treatment schema have come into focus
only since the 1960s. Unlike other branches of hand
surgery, in which acquired deformities can be clas-
sified anatomically, congenital hand deformities
may be categorized in a number of ways (Table 1).
An ideal classification system should be simple and
descriptive and permit easy recording and cross-
specialty discussion. Unfortunately, any single clas-
sification system will be incomplete because the
basic understanding of congenital limb anomalies is
continuing to evolve at the cellular and molecular
levels.

The classification system in place today is derived
from classifications that grouped conditions based
on the anatomic parts affected by a certain embry-
onic failure. Within the various categories, there are
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classification systems that have withstood the test
of time because they have an effective impact on
both communication among hand surgeons about
each category and on treatment of individual anom-
alies. However, the large number of different classi-
fication systems makes diagnosis and treatment
perplexing for the uninitiated (Table 2).

Polydactyly

Polydactyly, an excess of digits or parts, is the most
common congenital anomaly of the upper limb (inci-
dence of 2 to 19 per 10,000 live births). The anomaly
may be radial (thumb), central (index, long, or ring
rays), or ulnar (fifth ray). These terms are preferred
over preaxial, central, and postaxial. In the white
and Asian populations, radial polydactyly is most
frequent (1 in 3000 live births). In African American
and Native American populations, ulnar polydactyly
predominates (13 in 1000 live births). Most poly-
dactyly cases are not true duplications because the
extra digit or digits are abnormal in both size and
shape. The extra digit may have a skeletal connec-
tion to its partner at any level (distal, middle, or
proximal phalangeal or metacarpal) or have none at
all (floating or rudimentary); it usually has two or
three phalangeal segments.

The Iowa classification system used by most sur-
geons reflects the variability (Table 3). Different
types of thumb polydactyly are correlated by the
level of branching from the skeletal axis and are
classified I through VI. Rare or unusual types of
duplications that include two or more metacarpals
with and without triphalangeal components are
placed in an additional category, group VII (Table 4).
Although cumbersome, the system is logical and may
be applied to other portions of the hand (Table 5).

Congenital Anomalies of the
Upper Extremity
JOSEPH UPTON
BRIAN LABOW
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The cause of polydactyly has not yet been defined.
Current theories suggest an imbalance between
mitotic activity and apoptosis within the apical ecto-
dermal ridge and underlying mesoderm. Animal
models exist in which maternal rats exposed to cyto-
sine arabinoside during early pregnancy frequently

give birth to offspring with radial polydactyly. A
gene responsible for a certain type of radial poly-
dactyly with a triphalangeal thumb has been local-
ized to chromosome 7q36.

Treatment of polydactyly varies from simple to
complex, depending on the location and the degree

TABLE 1 Modified Embryologic Classification

CATEGORY SUBCATEGORY EXAMPLE

Failure of formation With regeneration Phocomelia
Radial and ulnar deficiencies
Symbrachydactyly

Without regeneration Terminal transverse deficiency
Abnormal number of digits Slight impairment of Simple syndactyly, polydactyly, thumb 

mesenchymal tissue duplication, cleft hand (typical)
Moderate to severe impairment Complicated syndactyly, thumb duplication

Congenital constriction band syndrome
Generalized skeletal abnormities — Multiple hereditary exostosis, dwarfism
Failure of differentiation — Radioulnar synostosis, metacarpal synostosis
Overgrowth or undergrowth — Macrodactyly, limb hypertrophy

TABLE 2 Genetic Classification of Congenital Hand Anomalies

MOLECULAR SYNDROME LIMB DEFECT GENE

Transcription factor Holt-Oram Radial deficiency TBX5
Synpolydactyly Syndactyly, brachydactyly HOXD13
Townes-Brock Polydactyly SALL1
Hand-foot-genital Brachydactyly TWIST
Pallister-Hall Ulnar deficiency, GL13

polydactyly
Greig Syndactyly, polydactyly GL13

Signaling protein Grebe Brachydactyly CDMP1
Hunter-Thompson Brachydactyly CDMP1
Aarskog Brachydactyly FGD1

Receptor protein Apert Brachysyndactyly FGFR2
Pfeiffer Syndactyly, brachydactyly FGFR2

Unknown Split hand/foot Syndactyly, clefting —
Nager Posterior limb deficiency —
Tarsal-carpal Brachydactyly, fusions —

TABLE 3 Iowa Classification of Thumb

Polydactyly

TYPE LEVEL OF POLYDACTYLY

I Distal phalanx
II Interphalangeal joint
III Proximal phalanx
IV Metacarpophalangeal joint
V Metacarpal
VI Carpometacarpal joint
VII Various forms of polydactyly at the 

carpometacarpal joint, including triphalangeal 
components and thumbs at any level II 
through VI

TABLE 4 Classification of Triphalangeal Thumb

TYPE CLINICAL FEATURES

I Rudimentary phalanx. Thumb length is normal 
with minor ulnar deviation

II Short triangular middle phalanx. The thumb is 
longer with ulnar (occasionally radial) 
deviation

III Trapezoidal middle phalanx. Thumb length is 
longer, and the metacarpal may contain two 
epiphyses. The thumb is often supinated 
and adducted

IV Long rectangular middle phalanx. The thumb 
is longer. Also called the five-fingered hand
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of skeletal involvement. The principles of treatment
have not changed in 20 years, and all revolve around
creation of the best digit from the available parts
(Fig. 1). In radial polydactyly, duplications of the
distal phalanx (Iowa types I and II) are easiest to
treat. The radial distal phalanx is trimmed in con-
junction with reconstruction of the collateral liga-
ment and soft tissue and eponychial contouring.
Most surgeons perform the skeletal and soft tissue
corrections simultaneously at or before 1 year of age.

Proximal phalangeal duplications (Iowa types III
and IV) are the most common, and treatment goals
are similar. Additional pitfalls that exist with these
types of duplications include interphalangeal (IP)
and metacarpophalangeal (MP) joint stiffness, prox-
imal phalangeal angulation, and limited thumb
extension secondary to the checkrein effect of scar-
ring. Meticulous soft tissue dissection is essential for
preservation of a periosteal sleeve for reconstruction
of the collateral ligament and prevention of adher-
ence of the extensor mechanism to bone. A closing
wedge osteotomy is safer and heals more predictably
than does an opening wedge osteotomy with a bone
graft.

Duplications at the metacarpal level (Iowa types
V, VI, and VII) are highly variable and should be
considered one tissue at a time. Problems with
repair are similar to those of type IV corrections, but
only more acute. The difficulty of reconstruction and
the potential for untoward results are directly pro-
portional to the level of the duplication, with diffi-

TABLE 5 Classification of Ulnar Polydactyly

TYPE CLINICAL CHARACTERISTICS

I Soft tissue mass only; no skeletal connection
II A digit containing normal structures 

articulating to a fifth finger
III Complete digit with a metacarpal

Figure 1 • Polydactyly and syndactyly, early aggressive surgery. A, Child with bilateral deformi-
ties. The left hand has complete simple syndactyly of the ulnar three digits, a normal index finger,
and a triphalangeal ulnar thumb with a biphalangeal radial thumb. The right hand has a similar syn-
dactyly, a normal index digit, and a more complicated thumb polydactyly. Note the dorsal buckling
of both ring proximal interphalangeal joints by 6 months of age. B, Early release of all webbing plus
correction of both thumbs was accomplished at 10 months of age. The left thumb was reconstructed
with a closing wedge osteotomy of the central phalanx and excision of the radial aspect of the
thumb with transfer of the thenar muscles. On the right side, the central thumb ray was retained
and the distal portion of the ulnar portion transposed on top of the proximal phalanx of the central
thumb. C, The postoperative appearance at 3 years, with no revisions. The intradigital web spaces
and commissure flaps are well maintained, and the contour and pigmentation match of the skin
grafts are excellent. The clinodactyly will be corrected when the child is older.
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culty increasing as the duplications proceed distally
to proximally. The constructed thumbs are never
normal, and with growth, both soft tissue and skele-
tal corrections are often needed. The first web space
is frequently deficient and should be addressed at
the initial reconstruction. In triphalangeal thumb
duplications, the goal remains to make the best
thumb from all available parts. In over half of type
VII cases, the triphalangeal thumb or a part thereof
is discarded. If both thumbs are equal, the partner
with the strong ulnar collateral ligament at the MP
joint is preserved. On occasion, the triphalangeal
thumb is well aligned and stable and the bipha-
langeal thumb is deviated. In such cases, the tripha-
langeal thumb is retained.

Syndactyly

Syndactyly, one of the most common congenital hand
anomalies, can occur sporadically or may be inher-
ited. Furthermore, the condition may be an isolated
finding or can occur as part of a syndrome. The
current understanding of the embryologic origin of
syndactyly suggests that most digital fusions occur
as a result of failure of apoptosis within the devel-
oping limb bud between the digital rays. However,
syndactyly can also result from extrinsic forces, as
seen in constriction ring syndrome.

The classification of syndactyly includes com-
plete, incomplete, simple, and complex categories
(Table 6). In addition, the term complicated has 
been added to denote hands with disorganized and
abnormal neural, muscular, vascular, or skeletal 
elements, as seen with polysyndactyly or acrosyn-
dactyly. In such cases, a separate classification
schema may be used.

Many techniques have been described for repair
of syndactyly. There has been a movement away
from dorsal triangular and rectangular flaps toward
the use of dorsal island flaps. There is no single best
technique. Although new techniques are continually
emerging, the principles of repair are well estab-
lished and include the following:

• Lining the commissure with full-thickness
flaps

• Palmar zigzag incisions
• Use of full-thickness skin grafts
• Equal distribution of grafts between digits
• Early skeletal correction without physical

injury
• Meticulous surgical technique
• Secure postoperative immobilization

The surgeon should be comfortable with one or
two methods and learn to use them well (Fig. 1).
Several technical points are emphasized. Regardless
of the exact series of incisions planned, separation
of the two digits should include isolation and exci-
sion of the intradigital fibrous band or bands that
are characteristic of all types of syndactyly. Identi-
fication of the neurovascular structures is manda-
tory. Although the digital nerve bifurcation may be
deepened by neurolysis, the arterial bifurcation
should preferably be preserved. Dorsal flap design
must be sufficient to establish a commissure. One
recent innovation describes an island transfer of
dorsal skin into the commissure, as opposed to the
traditional pedicled rectangular or hourglass-
shaped flap. Numerous alternative donor sites for
skin grafting have appeared in the literature.
Although preputial skin has garnered much atten-
tion, the authors believe that this skin is prone to
infection and hyperpigmentation. In syndactyly con-
ditions that require larger amounts of skin to
correct, such as the Apert hand or mitten hand, a
transversely oriented graft may be harvested from
the lower abdominal fold. This site provides ade-
quate skin of satisfactory quality and color match
without much potential hair.

Postoperative management with an emphasis
placed on adequate immobilization to prevent skin
graft shear and wound separation remains an
important aspect of treatment. Graft loss and other
wound complications that lead to healing by sec-
ondary intention produce contractures and con-
tribute significantly to web creep. To prevent this
complication, an above-elbow cast is worn for 3
weeks. At that time, a custom interdigital splint is
fabricated and worn for another 3 weeks. Outcome
studies are variable and usually incomplete. Recur-
rent syndactyly or “web creep” occurs in at least 15%
to 20% of patients who are monitored through 
adolescence. Some recurrence is caused by epithe-
lialization of open wounds, usually as a result of
inadequate postoperative immobilization. Other
cases are secondary to the scar tissue not expand-
ing as much as the other tissue as the child 
grows.

In addition to the typical syndactyly patients who
have single–web space involvement, there are
several classes of patients with complicated syn-
dromic syndactyly. Treatment of the Apert hand and

TABLE 6 Classification of Syndactyly

TYPE CLINICAL CHARACTERISTICS

Simple Soft tissue webbing only
Incomplete Does not extend to fingertip
Complete Extends to tip of involved digits
Complex Skeletal fusion, extra skeletal parts
Complicated Skeletal fusions plus extra delta 

phalanges, transverse phalanges, soft 
tissue interconnections, abnormal 
extrinsic tendons, abnormal 
intrinsic insertions
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those with complex central synpolydactyly remains
challenging. The Apert hand is subclassified by the
degree of complexity. Separation of rays plus skele-
tal correction within the first year of life is advo-
cated. Emphasis is placed on thumb lengthening,
creation of an adequate first web space, and excision
of the metacarpal synostosis so that the fifth ray
may oppose the thumb for pinch and gripping func-
tions. At present, there is no solution to enable
motion at the site of phalangeal fusion (sympha-
langism) within the central three rays of the hand.
Revisions are often necessary but well appreciated
by patients, who function well with their short digits
and thumbs.

Central synpolydactyly is fortunately rare but,
when present, has a high degree of penetrance
within family pedigrees. The goal of creating central
digits of adequate length that are neither rotated
nor angulated is often foiled by the abnormal and
asymmetric growth of the skeletal parts. Secondary
revisions are frequently required as the children
grow into adults.

Vascular Malformations

Diagnosis as well as treatment of vascular anom-
alies of the upper extremity is no longer a “black
hole” within hand surgery. The classification system
proposed by Mulliken and Glowacki almost 2
decades ago has categorized this disparate group of
anomalies and provided a clear explanation of our
current knowledge and treatment. The anomalies
are now classified as either (1) hemangiomas,
lesions that involute within 7 years of life, or (2)
malformations, lesions that do not involute. The
endothelial cell of origin further identifies the mal-
formations: capillary (C), venous (V), lymphatic (L),
arteriovenous (AV), and arterial (A). In addition, the
lesions are designated as slow flow, typically venous
malformations (VMs), lymphatic malformations
(LMs), or lymphaticovenous malformations (LVMs),
or fast flow when they have an arterial component,
typically arteriovenous fistulas (AVFs) or shunts.
This system is clinically applicable and makes treat-
ment more rational and less complex.

Upper extremity lesions are much less common
than those occurring in the head and neck and lower
extremity regions. Surgery for rapidly enlarging
hemangiomas is rarely indicated. Large lesions,
which typically involve the axilla, thorax, and head
and neck regions, respond 80% of the time to steroids.
Two thirds of nonresponders regress with the admin-
istration of interferon alfa. At present, there is no pre-
dictable pharmacologic treatment of malformations.

Treatment of vascular malformations has
recently been clarified. Surgical treatment is pre-
dictable in all slow-flow groups. Surgical debulking
is most commonly performed in VMs, LMs, or mixed
lymphaticovenous (LVM/capillary lymphatic venous
malformation [CLVM]) malformations. Optimal out-
comes occur in those whose malformation is confined
to the subcutaneous and fascial tissue planes and
the worst in those with diffuse muscular involve-
ment. Major short-term problems are related to
hematoma formation and skin flap viability. Long-
term adverse results are caused by neuroma forma-
tion, scar contracture after extensive dissection, and
persistent malformation. The most difficult group of
patients to treat is those with fast-flow lesions and
multiple AVFs. More than half of operative proce-
dures are preceded by either sclerotherapy (slow
flow) or embolotherapy (fast flow) by an interven-
tional radiologist.

Radial Clubhand (Radial Deficiency)

Longitudinal failure of formation within the upper
limb is subclassified as radial, central, and ulnar
(Tables 7 to 10). Descriptive synonyms are radial
clubhand, cleft hand, and ulnar hemimelia. Radial
anomalies are seen most frequently. The more com-
prehensive term “radial deficiency” should be used
because there are usually associated abnormalities
of the wrist and thumb. In fact, the proximal portion
of the limb is also deficient in more severely affected
limbs. The true incidence of longitudinal deficiencies
is not known, but a range of 1 to 3 per 100,000 live
births is cited in the literature. Most radial club-
hands occur sporadically, and less than a fourth of
affected children have a syndromic association such

TABLE 7 Classification of Radial Deficiency

TYPE RADIOGRAPHIC FINDINGS CLINICAL FEATURES

I (short radius) Distal growth plate present but delayed and narrow. Mild radial Minor deviation 
shortening without bowing. Thumb present.

II (radius in Both distal and proximal growth plates present but abnormal Moderate deviation
miniature) growth of both. Ulna thickened and bowed.

III (partial) Partial absence of the radius: hypoplasia; distal > middle > Moderate to severe deviation
proximal ulna, which is short, thick, bowed. Wrist unsupported.

IV (absence) No radius. Ulna thick, short and bowed. Most common type. Severe deviation, often dislocated
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as VACTERL (vertebral, anal, cardiac, tracheo-
esophageal, renal, and limb anomalies), Holt-Oram
syndrome (congenital heart and limb deficiency),
TAR (thrombocytopenia and absent radius), pho-
comelia (commonly associated with thalidomide
ingestion), and Fanconi’s anemia (pancytopenia).

The degree of deformity varies, and the same
classification has been used for 40 years. In general,
the amount of bone (radius) missing corresponds
directly with the soft tissue deficiencies. The degree
of radial deviation of the hand and carpus is also
associated with palmar subluxation extending to
dislocation. The hypoplastic or aplastic extensor
muscles are weaker than the flexors, which course
radial to the central axis of rotation of the wrist.
Consequently, finger flexion is accompanied by wrist
radial deviation and flexion. Restoration of the mus-
cular imbalance is one of the goals of treatment.

The large number of recommended procedures for
correction of radial clubhand is a testimony to the 
difficulty associated with this problem. One of the
reasons for poor outcomes is that only skeletal solu-
tions were considered and the effect of soft tissues
was ignored. The hand and carpus were positioned
on top of the ulna, and carpectomies were per-
formed, even if there was insufficient room during
the “centralization” procedures. A major concern
was placed on not damaging the blood supply to the
distal ulnar epiphysis. Subsequently, “radialization”
procedures placed the ulna beneath the radial
carpal bones and included tendon transfers to

counter the radial pull of the strong digital flexors.
The extensor carpi ulnaris is shortened, and the
flexor carpi ulnaris with or without detached radial
wrist flexors (if present and mobile) is transferred to
the extensor. Mobility is greater because no carpal
bones need to be excised. This positioning is also
facilitated by preoperative distraction, which
stretches soft tissue sufficiently to allow precise
positioning (Figs. 2 and 3). Most experienced sur-
geons now favor early radialization within the first
year of life for a radial clubhand (Fig. 4). Vascular-
ized second toe metatarsophalangeal joint transfer
to the radial side of the hand and carpus is a cre-
ative solution (Fig. 5).

The outcome of the aforementioned procedures is
always suboptimal. Motion is limited, strength is
diminished, and recurrent radial deviation with or
without flexion is common, especially in patients
without a radius and with poor-quality soft tissues.
Thumb pollicization always enhances function and
appearance. As preteens or teenagers, most young-
sters request distraction lengthening, which is 
both predictable and effective. Lengthening of the
forearm is best performed as a two-stage process: 
(1) application of a distraction device and osteotomy
followed by (2) removal of pins, intercalary bone
grafting, and internal plate and screw fixation 
(see Fig. 3).

TABLE 9 Classification of Ulnar Deficiencies

CLINICAL 
TYPE GRADE CHARACTERISTICS

I Hypoplasia Growth plates present, 
minimal shortening, growth 
deficient

II Partial aplasia Absence of distal or middle 
third of ulna

III Aplasia Complete absence of ulna
IV Synostosis Absence of ulna, 

humeroradial fusion

TABLE 10 Classification of Ulnar Deficiencies

by First Web Space

TYPE GRADE CLINICAL CHARACTERISTICS

A Normal Normal first web space and 
thumb

B Mild Mild first web space deficiency, 
mild thumb hypoplasia, 
normal extrinsic tendons

C Moderate to Moderate to severe first web 
severe space deficiency, thumb in 

same plane as the hand, 
thenar muscles hypoplastic, 
extrinsic tendons abnormal

D Absent Aplasia of the thumb

TABLE 8 Modified Classification of the Entire Spectrum of Radial Longitudinal Deficiencies

TYPE THUMB CARPAL DISTAL RADIUS PROXIMAL RADIUS

N Absent or hypoplastic Normal Normal Normal
0 Absent or hypoplastic Absent, hypoplasia Normal Normal, radioulnar synostosis, 

radial head dislocation
1 Absent or hypoplastic Absent, hypoplasia, coalition >2.0 mm shorter Normal, radioulnar synostosis, 

than ulna radial head dislocation
2 Absent or hypoplastic Absent, hypoplasia, coalition Hypoplasia Hypoplasia
3 Absent or hypoplastic Absent, hypoplasia, coalition Physis absent Variable hypoplasia
4 Absent or hypoplastic Absent, hypoplasia, coalition Absent Absent
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A B C D

Figure 2 • Distraction techniques and radial dysplasia. As a technique, distraction lengthening
has been useful in patients with partial or complete radial agenesis. A, At birth, the left hand and
carpus are dislocated relative to the distal end of the ulna. Type IV arms are the most difficult to
treat. B, The radiograph was taken with maximal longitudinal traction on the hand after 6 weeks
of aggressive stretching and splinting by the family and occupational therapists. C, In a separate
surgical procedure before radialization, the tight radial soft tissues were released and a distrac-
tion apparatus applied. D, Within 3 weeks sufficient length was achieved to permit easy reposi-
tioning of the hand and wrist over the distal part of the ulna. 

A B C D

Figure 3 • A, A patient with radial agenesis treated by centralization at 5 years of age. B, At
28 years, he requested a longer forearm. He has a functional hand with very limited wrist motion.
C, The uniplanar external fixation apparatus must stabilize the hand as well as the ulna on both
sides of the osteotomy. It is often impractical to expect these large gaps, 178 mm in this case,
to heal by “callostasis” alone. D, A vascularized fibular graft with internal fixation allowed much
earlier removal of the apparatus and return to normal function.
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Constriction Ring Syndrome

Constriction ring (amniotic band) syndrome was
described by Hippocrates, but its cause is still
debated. It is believed to result from entanglement
of the digits or more proximal portions of the

extremity in fibrous bands that have sheared from
the amniotic sac in utero. These cases occur spo-
radically (1 in 15,000 live births), and there is no
evidence of genetic involvement.

Both the upper and lower extremities may be
involved. The findings in two extremities are never
exactly the same, as is often seen in genetic hand

Figure 4 • Growth of the radial clubhand. Within the first year of life this child, born with com-
plete agenesis of the radius, underwent centralization of the hand and wrist over the distal end of
the ulna without carpal bone excision. Pollicization of the index finger was completed on the same
hand 1 year later. At 5 years, 6 months of age, osteotomy of the distal end of the radius was per-
formed to correct bowing and clubhand posturing. The interosseous wire used to secure the closing
wedge osteotomy can be used to document longitudinal growth of both the proximal and distal por-
tions of the ulna over a 12-year period. Note the persistent ulnar bowing that has occurred with time
and widening of the distal end of the ulna, which at skeletal maturity looks more like a radius than
an ulna. With time and growth, the hand has moved into more radial deviation and slight flexion.
The muscular imbalance caused by the strong pull of the extrinsic flexors is responsible for the per-
sistent distortion with growth.
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anomalies. Although the digits, in particular the
long finger, are most frequently involved, constric-
tion rings may affect the wrist, forearm, and arm as
well. In addition, the depth and circumferential
extent of the lesion may vary. In mild cases, there
may a slight indention on one side of the digit pro-
ducing minimal edema distal to the lesion. In more
severe cases, the distal portion of the digit may be
severely congested because of impeded lymphatic
and venous drainage. In severe cases, fusion of mul-
tiple digits may occur and lead to mild or severe
acrosyndactyly. For others, autoamputation may
have occurred in utero. In all cases, structures 
proximal to the constriction ring are normal. Most
series quote a 40% to 60% incidence of associated
malformations.

Treatment has changed little over the past decade.
Although superficial rings producing little constric-
tion may not need therapy, most patients with distal
swelling require release. Even in relatively mild

cases, simple excision of the ring is inadequate
because the resulting circumferential scar contracts
and reproduces the lesion, albeit in a milder form.
Instead, lateral Z-plasties on either side of the digit
with a straight-line closure over the more visible
dorsal and volar surfaces are recommended. The skin
and subcutaneous tissue should be raised separately
to allow excision of excess fat and facilitate contour-
ing of the digit. Care must be taken when excising
the ring to preserve the digital nerve branches, which
may lie in close proximity to a deep constriction ring.
Although many authors have advocated circumfer-
ential release of the digits, caution must be exercised,
especially in correction of deep bands.

In more severe cases in which multiple digits are
fused, early release, especially of the border digits,
is mandatory to avoid buckling or other growth 
disturbances. As with other complex types of syn-
dactyly, it is preferable to have all digits liberated
by 1 year of age. In the case of severe proximal con-

Figure 5 • Second toe transfer for radial clubhand. A, Clinical appearance and radiograph of a type
IV deformity with complete absence of the radius. B, Preliminary distraction is used to position the
hand and carpus over the distal end of the ulna. C, A microvascular second toe transfer with an
intact metatarsophalangeal joint and overlying soft tissue provides radial stability to the hand. As
growth occurs at the distal end of the ulna, the radial buttress will grow at both the metatarsal head
and the proximal phalangeal growth center. D, The appearance is shown 3 years after transfer. Hand
function has not changed, and the neutral position has been maintained. (Courtesy of Simo Vilkki,
MD, of Iceland.)
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striction bands or autoamputated digits, single or
multiple toe transfers have also been described.

Microvascular toe transfers for congenital ampu-
tations seen in the constriction ring syndrome have
greatly improved the treatment of these children.
The normal anatomy proximal to the site of the con-
striction ring or amputation makes such transfers
technically easier to plan and the outcomes more
predictable. Sensation is normal, and extrinsic
flexor and extensor motion is better in these patients

than in those with transfers for other congenital
deformities (Fig. 6).

Thumb Hypoplasia/Aplasia

A hypoplastic thumb is relatively common and
accounts for anywhere from 11% to 37% of all con-
genital hand anomalies. Although it can occur in iso-

Figure 6 • Double-toe transfer for symbrachydactyly. A, Clinical appearance and radiographs in a
3-year-old boy. The angiogram shows a strong deep palmar arch from the ulnar side of the hand.
The palmar arch is continuous. B, All tendons and neurovascular structures have been dissected
and the palmar arch (loop) split to receive the second and third toes from the foot. Three months
later, syndactyly release was performed between the toes. C, The clinical appearance and radiograph
2 years postoperatively.
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lation, thumb hypoplasia is found in a wide variety
of syndromes (e.g., Holt-Oram) and is associated
with other malformations (e.g., VACTERL). In the
past, discussion of the hypoplastic thumb was based
simply on radiographic evaluation of the osteoartic-
ular column. However, such variables as size, posi-
tion, relationship to the other digits, osseous
components, joint integrity and stability, intrinsic
and extrinsic musculature, and first web space
depth and breadth should also be considered.
Hypoplasia exists when any structure that con-
tributes to a normal thumb is deficient or absent. All
skeletal and soft tissues are absent in an aplastic
thumb.

The classification system (Table 11) contains five
types with one subdivision (types IIIA and IIIB).
Understanding the anatomic differences that dis-
tinguish the various types of hypoplasia and their
relationship to the carpus and forearm is funda-
mental to the discussion of treatment.

Type I thumbs are the most minimally affected
and have a slightly shorter, more slender appear-
ance than a “normal thumb.” The thenar muscula-
ture is present, but hypoplastic. The first web space
may be narrowed.

Type II thumbs are moderately hypoplastic with
skeletal deficiencies involving the phalanges,
metacarpal, trapezium, trapezoid, scaphoid, and to
a lesser extent, the lunate. The first web space is
narrow, and the thumb is held in an adducted posi-
tion. The ulnar collateral ligament of the MP joint
is lax and the thenar muscles underdeveloped or
absent. Moreover, numerous muscular and tendon
anomalies may be found with type II thumbs (as
well as type III thumbs). In addition to abnormal
posture and position, absence of IP and MP flexion
or extension creases is an important clue to these
abnormalities.

Type III thumbs are severely hypoplastic. Skele-
tal shortening and narrowing are more pronounced,
and the hand and wrist may be deviated as a result
of hypoplasia or aplasia of the radial carpus. In fact,
the distal end of the radius itself may be smaller and
the radial styloid absent. This group is subdivided
into type IIIA thumbs, which contain a complete
metacarpal and an intact carpometacarpal (CMC)
joint, and type IIIB thumbs, which have a tapered
metacarpal but no CMC joint. In both groups, the
thenar musculature is severely hypoplastic or
absent. The MP joint is quite lax, with either the 
collateral ligament or the volar plate missing. A
wide variety of musculotendinous and skeletal
defects exist—abnormal anatomy is the rule. One
common finding is “pollex abductus,” in which the
thumb is deviated away from the palm at the MP
joint level. The anomaly is a result of abnormal
intertendinous connections between the extrinsic
flexor and extensor in conjunction with a weak ulnar
collateral ligament. In addition, the motor branch 
of the median nerve may be absent and only one
neurovascular bundle may be present.

Type IV thumbs are often referred to as “floating”
thumbs or “pouce flottant.” These thumbs have a
small nail plate and contain two small phalanges;
the latter are connected to the hand by a narrow
skin stalk containing a neurovascular pedicle.

Type V thumbs are completely absent, and
roughly half have a deficient radius as well. In fact,
radial dysplasia may occur in conjunction with any
of the aforementioned thumb types. The entire
family of radial underdevelopment should be viewed
as a spectrum rather than a series of unique 
entities.

Treatment options are numerous and vary with
the extent of hypoplasia. However, a number of 
specific goals should be kept in mind:

• A mobile, stable CMC joint with an intact
metacarpal

• A supple first web space of adequate dimension
• Mobility in at least two of the three joints

(CMC, MP, IP)
• A stable MP joint
• Adequate motors for strong MP or IP flexion

and extension
• The capacity to be placed in a palmar abducted

position for pinch and grasp

Most type I patients do not require surgical cor-
rection, and indeed they (and their parents) may be
unaware of the finding. When surgical correction is
necessary, a first web space release that includes a
four-flap Z-plasty, in addition to fascial release from
the underlying musculature, is preferred. In type II
patients, release of the first web space is usually
accompanied by a stabilization procedure for the MP
joint with or without a tendon transfer to assist in
palmar abduction or opposition. Management of

TABLE 11 Classification of Thumb Deficiency

TYPE ANATOMIC FINDINGS

I Minor hypoplasia, intact skeleton, good thenar 
muscles

II Skeletal hypoplasia, thenar hypoplasia, 
collateral ligament laxity, deficient first web 
space

III Same as type II plus greater skeletal 
hypoplasia, extrinsic muscle/tendon 
deficiency, greater thenar deficiency

A Intact CMC joint
B Absent CMC joint with deficient thumb 

metacarpal
IV Floating thumb (“pouce flottant”) with no 

skeletal connection
V Absence of thumb

CMC, carpometacarpal.
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type III thumbs depends greatly on the presence or
absence of a CMC joint (i.e., IIIA or IIIB). In type
IIIA patients, all of the aforementioned maneuvers
(first web space deepening, MP joint stabilization,
and opponensplasty) are generally carried out in one
stage. The major variable becomes the status of the
flexor mechanism, which may require a staged
approach. Surgical correction of type IIIB thumbs is
controversial. Some surgeons (and parents) wish to
preserve the severely hypoplastic thumb even at the
expense of function. In such cases, staged recon-
struction involving a vascularized joint transfer,
such as the second metatarsal from the foot, has
been used to establish a neo-CMC joint. The authors
believe that pollicization is the treatment of choice
because of its superior functional result. In type IV
and type V reconstructions, pollicization is the treat-
ment of choice.

The timing of treatment may be controversial. In
the absence of other organ system complications, the
authors prefer to address the hypoplastic thumb
between 10 and 18 months of age. In cases of radial
dysplasia, pollicization at 1 year is preceded by wrist
centralization at 5 to 8 months. All treatment plans
must be individualized and must take into account
the experience of the surgeon, the parents’ desires,
and the overall condition of the child.

Cleft Hand

After much debate, distinction has been made
between a typical cleft hand and an atypical cleft
hand, now termed symbrachydactyly. The typical
cleft is distinguished by a V-shaped central cleft,
syndactyly, polydactyly, and bilateral hand and
often foot involvement. Treatment frequently
involves no surgery in patients with the most
bizarre malformations because these children adapt
so ingeniously. For most patients, however, surgery
is required for separation of digital webbing, release
of flexion contractures, removal or repositioning of
extra parts, and especially repositioning of the index
ray, which is often in a “no man’s land” between a

mobile thumb and somewhat functional ring and
small fingers. Incisions for the digital transpositions
are carefully designed for the creation of an ade-
quate first web space lined with full-thickness flap
tissue. Preservation of an adductor pollicis originat-
ing from a third metacarpal is crucial for pinch
strength. Analysis of outcomes in these children and
adults indicates that the hands are functional but
pinch and grip strength are always deficient.

The broad category of symbrachydactyly
(“together,” “short,” “digit”) includes a teratologic
spectrum between hands with a metacarpal and
three phalanges smaller than normal and hands
with minimal metacarpals and no phalanges or
digits (Tables 12 to 14). The distinguishing charac-
teristics include unilateral involvement, absence of
lower extremity involvement, a “U-shaped” cleft (if
present), and the presence in most hands of a digital
remnant with a nail. Treatment of each hand must
be individualized for the particular deficiency. One
of the most common manifestations is a hypoplastic
hand with a small but mobile and functional thumb,
a satisfactory first web space, and four soft tissue
remnants representing digits located distal to the
four metacarpals. Diminutive extrinsic flexor and
extensor tendons cause the nubbins to retract and
move. Most parents refuse vascularized toe trans-
fers for their children but consent to nonvascular-

TABLE 12 Cleft Hand Classification

CLINICAL FINDINGS TYPICAL CLEFT ATYPICAL CLEFT “SYMBRACHYDACTYLY”

Involvement Bilateral, hands/feet Unilateral, hand only
Inheritance Familial Spontaneous
Syndactyly Common None
Polydactyly Present Absent
Cleft configuration “V shaped” “U shaped”
Anatomic findings:

Arterial 3 arteries to the ring finger Minimal vessels to the central 3 digits
Tendon 2 or more flexors Vestigial tendon to the ring finger
Skeletal Hypertrophy adjacent Hypoplasia to cleft

TABLE 13 Classification of Symbrachydactyly

1. Short finger type Short phalanges, including 
reduction up to aplasia of 
one or more phalanges, 
combined with simple 
syndactyly

2. Cleft hand type One or more medial fingers 
missing

3. Monodactyly type Thumb present and all digits as
vestigial nubbins with nails

4. Peromelic type Hand stump with or without 
small humps representing 
digits
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ized phalangeal transfers if the soft tissue permits.
Long-term outcomes are best if the transfers are
performed before 12 to 16 months of age and if 
the periosteum is intact and the collateral ligaments
and volar plate are attached to the supporting
metacarpal. The bones grow as they were pro-
grammed on the foot. Even in experienced hands,
partial or complete resorption of transferred pha-
langes can occur in up to a third of cases.

Overgrowth: Macrodactyly

Macrodactyly is pathologic enlargement of both the
soft tissue and skeletal parts of the digit. The term
gigantism has also been used in patients with con-
comitant enlargement of the more proximal portions
of the hand and forearm. In actuality, the category
of overgrowth anomalies is the most poorly defined
and understood group of malformations seen by the
pediatric hand surgeon. The present classification 
of lipofibromatosis (I), neurofibromatosis (II), digital
hyperostosis (III), hemihypertrophy (IV), and
Proteus syndrome (V) will ultimately be changed
after more basic science information is obtained
(Table 15).

The most common form of digital or hand enlarge-
ment is associated with lipomatosis and skeletal
deviation along nerve territories (nerve
territory–oriented macrodactyly). Grotesque digital
enlargement in newborn and very young children is
best treated by amputation. Digits worth salvaging
are treated by aggressive reduction of soft tissue,
preservation of neurovascular bundles, corrective

osteotomies, and early epiphysiodeses. However, the
digits will be stiff, have reduced sensitivity, and are
subject to premature osteoarthritis.

Enlargement associated with some form of vas-
cular malformation is the second most common form
of overgrowth. The term Klippel-Trenaunay (KT)
syndrome unfortunately has been interchanged
with all types of limb, arm, and hand enlargement.
KT syndrome describes a limb with multiple abnor-
mal vascular elements: capillary, lymphatic, venous
malformations (CLVMs). The enlargement is usually
seen in the presence of abnormal amounts of fat in
all tissue planes and premature osteoarthritis.
These are slow-flow vascular malformations, in con-
trast to limbs with Parkes Weber (PW) syndrome,
which are defined as those with enlargement and a
fast-flow arteriovenous malformation with multiple
AVFs. Lower limb involvement by both of these
lesions is four to five times more common than
involvement of the upper limb. They are both diffi-
cult to treat. Most limbs with KT syndrome are
treated by sclerotherapy for the venous and lym-
phatic components, surgical debulking, and joint
repositioning with arthrodeses. PW limbs are

TABLE 14 Modified Classification of

Symbrachydactyly

1. Triphalangia type Hand has no missing bones, 
digits have three phalanges, 
middle phalanx may be small

2. Diphalangia type Hand with one phalanx (usually 
middle) missing in one or 
more digits

3. Monophalangia Hand with one or more digits 
type with all three phalanges 

missing
4. Aphalangia type Hand with all three phalanges 

missing in one or more digits
5. Ametacarpia type Hand with missing metacarpal 

and all three phalanges in one 
or more rays

6. Acarpia type Hand with absence of all digits 
and partial or complete 
absence of carpals

7. Forearm Arm with absence of the distal 
amputation portion of the forearm; 

rudimentary nubbins may 
represent digits

TABLE 15 Classification of Overgrowth

Deformities

TYPE DESIGNATION CHARACTERISTICS

I Lipofibromatosis Histology shows 
epineural and 
perineural fibrosis and 
fatty infiltration of the 
nerve; nerve territory–
oriented deviation

II Neurofibromatosis Skin lesions present; 
histology shows 
epineural and 
perineural fibrosis and 
no fatty infiltration; 
sarcomatous change 
can occur

III Hyperostosis Present at birth; excess 
growth is both 
longitudinal and 
transverse; 
osteochondral nodules 
common at joint levels

IV Hemihypertrophy Digital overgrowth less 
extreme than types I 
and II; commonly 
incorrectly called 
Proteus syndrome

V Proteus syndrome Digital or limb 
overgrowth, linear 
epidermal nevus, 
thickened 
(“cerebriform”) palms 
and soles, lipomas, 
exostoses
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treated by embolization of fast-flow shunts and
lesions, followed by surgical debulking, among other
individualized skeletal procedures. In both, coagu-
lation parameters may be grossly abnormal, espe-
cially within the lesions. Patients with KT syndrome
are susceptible to lethal pulmonary emboli. Patients
with PW syndrome frequently have some form of
cardiac overload and incipient congestive heart
failure or failure to thrive as babies. The fast-flow
lesions often persist in the more proximal portions
of the affected limb after amputation of the distal
nonfunctional, painful parts. In the future, this
group of vascular lesions will be treated with spe-
cific pharmacologic therapy targeted to the abnor-
mal endothelial cells.

Toe Transfers

Over the past 4 decades, autotransplantation of a toe
to the hand has progressed from the laboratory to an
invaluable reconstructive technique for congenitally
and traumatically deficient hands. Single-digit trans-
fer of either the second toe or the great toe is the most
common, but numerous variations exist. The trimmed
toe, modified great toe, twisted toe, and wraparound
modifications have been described. In addition, the
second toe has been a commonly used digit either in
isolation or as a monobloc transfer with two or even
three other digits. Although technical improvements
have paved the way for a wide array of transfers, the
indications and outcomes of such transfers are only
now coming into focus.

Creation or restoration of a thumb is the most
common indication for toe transfer. However, the
absence of a stable post against which the thumb
ray can oppose (e.g., symbrachydactyly, constriction
ring syndrome, one-digit hand with ulnar deficiency)
is also a frequent indication (see Fig. 6). Less fre-
quently, digits are transferred to a partially func-
tional hand to augment grip, provide pinch, or
improve appearance.

A number of important differences are seen
between toe transfers in a posttraumatic patient who
has lost a digit or digits and transfers in the pedi-
atric population with congenital hand anomalies.

In patients with congenital deformities, there is
no ideal time for toe transfer. Some proponents of
early surgery have suggested that early transfer
allows for better acceptance of the digit and
improved function. Most surgeons have not found
this to be the case and typically wait until 2 to 4
years of age when the hand and toe vessels are
larger and the child is more cooperative. In children
with no digits or thumbs, toe transfer to the thumb
position has been performed at 1 year of age.

It is essential that the surgical team be familiar
with the anatomy of the foot and its common vas-
cular variations. A retrograde approach to toe dis-
section is preferred to rapidly identify whether the

dorsal or plantar system is dominant. Preservation
of the epiphyses is essential for growth, and the use
of C-wires for osteosynthesis is preferable to
interosseous wires or plate and screw fixation.

Secondary procedures are common. In double-toe
monobloc transfers, the web space is deepened
several months after the transfer. Scar revisions,
tenolyses, or osteotomies may be required and are
usually performed several years after transfer.
Every effort should be made to complete all major
reconstruction before the child enters formal school-
ing between the ages of 5 and 6 years.

Results reported in large series demonstrate sat-
isfactory acceptance of transferred toes in most
patients. Sensory return in children is excellent,
with two-point discrimination of 3.0 to 4.0 mm. Most
patients (>80%) incorporate the digits into daily
activities within 6 to 12 months after transfer.
Acceptance of the donor site defect and appearance
of the hand has also been reported to be satisfactory.
Functional problems with walking, running, and
jumping are minimal if four of five metatarsal heads
are preserved in their normal position. However,
patient selection and proper counseling of the
parents remain paramount in achieving a satisfac-
tory outcome.

Distraction Lengthening

Distraction lengthening can be an effective recon-
structive option for correction of the skeletal defi-
ciencies seen in congenital upper limb anomalies.
The concept is not new, and applications in the long
bones of the lower extremity have been well publi-
cized over the past 60 years. More than 20 years ago
the original upper limb applications were described
by Matev for traumatic thumb losses and by Kessler
for congenital ray deficiencies. However, little has
been published in the congenital hand literature.

The primary goal of distraction lengthening is to
gain length for enhancement of mechanical advan-
tage, prehension, grip, and pinch—all functional
considerations. In most patients, the appearance of
the limb, hand, or digit is unquestionably improved.
The major advantage of this treatment modality is
preservation of sensation in the lengthened part; the
primary disadvantage is the prolonged and some-
times complicated process of distraction.

Indications in congenitally deficient limbs are
still evolving. For example, humeral lengthening for
deficiencies such as phocomelia creates limbs that
are more functional and sufficiently long to support
a functional prosthesis. Elbow distraction has been
disappointing in terms of creation of pseudarthroses
for movement, but it has been helpful in reposition-
ing of limbs with humeroradial synostosis, in which
the wrist and hand are facing posteriorly. Forearm
lengthening for restoration of radius or ulna length
in patients with hereditary multiple exostosis has
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been effective and predictable. It is important to
note that more than half of patients with severe
radial deficiencies who have been corrected by either
centralization or radialization desire lengthening as
teenagers. The distractions usually achieve an
improvement in length of 7.0 to 8.0 cm (see Fig. 3).
For successful results, it is essential that the fore-
arms be unscarred. Children born with cutis aplasia
associated with in utero Volkmann compression
injuries do not do well with these techniques
because of excessive scarring of the muscle and soft
tissues within the forearm.

Distraction is effectively used at the wrist level to
lengthen severe radial clubhand before formal cen-
tralization (see Fig. 2A). The most predictable dis-
tractions are achieved for brachymetacarpia and for
short thumb in the constriction ring syndrome.
Enhancement of digital length has been performed
for the short Apert thumb later in childhood and for
short digits in many congenital deficiencies. The
techniques have also been effective in moving skele-
tal parts more distally in complex anomalies such as
constriction ring syndrome, central synpolydactyly,
and many unclassified complex hand malforma-
tions. However, there must be sufficient bone stock
for placement of pins without damage to the physes
in all cases. Distraction should be discouraged, for
example, in patients with Poland’s syndrome and
symbrachydactyly associated with normal MP and
proximal and distal IP joint motion. In these cases,
although length may be gained, function is always
compromised.

Complications of this technique are directly 
proportional to the length of time that the pins and
distraction frame have been in place. Early prob-
lems include infection, pin tract cellulitis, soft tissue
breakdown, and distal vascular compromise. Late
problems include joint stiffness, nonunion, malun-
ion, or poor bone generation and secondary fracture.
Digits are always longer but are thin and stiff.

Despite its limitations, this powerful technique
should be considered for the treatment of deficien-
cies seen in central synpolydactyly and symbrachy-
dactyly or for short thumbs in constricted ring
syndrome. Many parents simply do not want a
complex microvascular toe-to-hand transfer or any
type of “spare parts” surgery that harvests tissue
from another part of the child’s body.
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The hand is vulnerable to infection because of its
unique anatomy, including multiple separated
spaces that are easy targets for opportunistic organ-
isms. Infections of the hand and upper extremity can
result in permanent disability. The leading causes of
a poor outcome are inadequate surgical débridement
and failure to recognize the polymicrobial nature of
hand infections. Only meticulous wound manage-
ment and adequate antibiotic therapy can limit 
complications such as recrudescence of infection,
stiffness, septic arthritis, and osteomyelitis.

Etiopathogenesis/Causative Factors

Infections of the upper extremity predominantly
begin in the hand after penetration of the skin
barrier and inoculation of tissue. Causative factors
include trauma (60%), human bites (25%), drug
abuse (10%), and animal bites (5%). Most acute
hand infections are pyogenic bacterial infections
that are polymicrobial in nature. In addition to
gram-positive aerobic organisms such as Streptococ-
cus and Staphylococcus, an increasing number of
anaerobic organisms are present in hand infections.
An example of a nonpyogenic infection is herpetic
infection of the distal phalanx (herpetic whitlow).
Acute infections must be differentiated from chronic
infections such as atypical tuberculosis and fungal
colonization, as well as noninfectious conditions
such as gout, collagen vascular diseases, and acute
soft tissue calcification.

Pathologic Anatomy

It is mandatory that the surgeon be familiar with
the potential spaces of the hand that are capable of

Acute Infections of 
the Upper Extremity

CHRISTOPH HEITMANN
L. SCOTT LEVIN

harboring and enclosing bacteria: the dorsal subcu-
taneous space, the thenar space, the midpalmar
space, the synovial sheaths, the articular surfaces,
and the fascial planes of the forearm. These spaces
permit gliding for motion but also allow rapid exten-
sion of an infection. A second factor favoring infec-
tions in the hand is the ease with which enclosed
and septate structures become ischemic as a result
of venous and lymphatic congestion; this results in
local arterial insufficiency secondary to tissue reac-
tion and swelling. A tissue tension becomes critical,
necrosis results from microvascular thrombosis and
the newly devitalized tissue promotes infection.

Diagnostic Studies

Laboratory tests should include a complete blood
count, blood chemistry analysis, and sedimentation
rate. Plain radiographs should be obtained to rule
out foreign bodies, gas collection, osteolysis, and
sequestrum. All wound swabs and drainage, as well
as aspirates, should be sent for anaerobic and
aerobic culture and Gram stain.

Reconstructive Goals

The goals of treatment are to arrest bacterial pro-
liferation, remove purulent and necrotic tissue, and
restore function. The treatment plan includes four
fundamental principles: (1) adequate débridement
and drainage, (2) appropriate antibiotic therapy, (3)
a period of immobilization and elevation, and (4)
early mobilization. Algorithms outlining the princi-
ples of treatment of the most common infections of
the hand, as well as the usual dosages of antibiotics,
are summarized in Table 1 and Figures 1 and 2.
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swelling, erythema, tenderness, warmth, and throb-
bing pain without definite localization. A variety of
aerobic and anaerobic organisms can produce cel-
lulitis, but in the majority of cases it is caused by
Streptococcus and Staphylococcus. Treatment is
nonsurgical and consists of elevation, immobiliza-
tion, and antibiotics (dicloxacillin or nafcillin). If the
inflammatory swelling fails to subside after 48 to 72
hours of antibiotic therapy, an abscess or closed
space collection should be considered and drained if
present.

Lymphangitis

Lymphangitis is an inflammation of the lymphatic
channels and lymph nodes and is a common sequela
of bacterial infections with Streptococcus and
Staphylococcus. It is generally visible as an erythe-
matous streaking proximal to a finger or hand infec-
tion. Patients usually have fever and a general
feeling of malaise. Lymphangitis may spread within
hours, and therefore treatment should begin

TABLE 1 Antibiotic Recommendations for

Hand Infections

ANTIBIOTIC AGENT DOSAGE

Dicloxacillin 250-500 mg PO q6h
Ampicillin-sulbactam 1.5 mg IV q6h
Cefazolin 1 g IV q8h
Gentamicin Loading dose of 2 mg/kg of 

body weight, then follow 
serum levels

Nafcillin 1-2 g IV q4–6h
Penicillin 2-4 million U IV q4-6h

Nail

Paronychia Felon Herpetic
whitlow

Acute Recurrent

Pulp

Fingertip

INFECTIONS

Elevation
Immobilization
Antibiotics
Local antiseptic
cream or soaks

Elevation
Immobilization
Antibiotics
Local antiseptic
cream or soaks

Drain only if not
resolving with above

Eponychial
(hockeystick)

incision

Rule out associated felon

Early surgical
drainage with
debridement

Closure by
secondary intention

Swollen,
red,
tense,
pulp

Often in health
professions

(Nurse, dental
hygienist, etc.)

Clear vesicles
on fingertips

Moist dressings
No debridement!

Antibiotic cream
for superinfection

Drain if sensory
changes or no

response

Midlateral
subungal
incision

Incise pulp 
septa

Figure 1 • Principles of treatment and management of fingertip infections. (Adapted from
Germann G, Sherman R, Levin LS (eds): Decision Making in Reconstructive Surgery. New
York, Springer-Verlag, 2000.)

Specific Treatment and Techniques

Cellulitis

Cellulitis is a nonsuppurative inflammation of sub-
cutaneous tissue characterized by widespread
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INFECTIONS

Tendon, bones, and joints

Suppurative
tenosynovitis

History of penetrating
trauma (paintgun, 

animal bite, 
tack, nail, etc.)

History of trauma
open fracture

penetrating wound 
(animal or human bite)

History of open
trauma

Septic arthritis

Finger held in flexion
Pain on extension
Fusiform swelling

Pain on sheath palpation

X-Ray
(Foreign body
osteolysis
sequestra)

Operative drainage
Irrigation
Catheter irrigation

Postoperative
antibiotics
Irrigation
Early PT

Aggressive approach Conservative approach

External fixation

Antibiotic beads
as spacer

Well-vascularized soft
tissue – muscle into defect

Resection of infected segment
according to “tumor surgery

principles” until “clear margins”
are identified

Pulse irrigation

Primary reconstruction Wait until no more
signs of infection

Early active motion as
soon as possible!

Secondary reconstruction
(bone graft and ORIF,

joint fusion)

Vascularized bone graft
for longer defects

Kanavel’s four signs Aspiration

When pus is present

Arthrotomy

Yes

Irrigation

Drainage

Suction-
irrigation

Loose 
closure

External
fixation?

Secondary
joint fusion

Arthroplasty

Arthrolysis

Debridement Debridement

Cultures
Anaerobe/aerobe

No

Articular surface intact

Osteomyelitis Pyarthrosis

Figure 2 • General strategy for the treatment of infections of tendons, bone, and joints of the hand.
(Adapted from Germann G, Sherman R, Levin LS (eds): Decision Making in Reconstructive Surgery. New
York, Springer-Verlag, 2000.)
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promptly. Most patients are hospitalized for strict
immobilization, elevation, and parenteral antibiotic
therapy (nafcillin or cephalexin). With appropriate
antibiotic therapy, lymphangitis typically clears
rapidly.

Infections of the Fingertip: Paronychia,
Felon, Herpetic Whitlow

Paronychia and felon are the most commonly
encountered hand infections. The nail conforms
proximally and laterally to a depression, the nail
fold. The thin membrane extending onto the dorsum
of the nail is termed the paronychium laterally and
the eponychium proximally; these areas are sensi-
tive to the disruptive influences of daily living and
cosmetic practices. Paronychia is a subcuticular
abscess in the paronychial fold, with Staphylococcus
commonly being the offending organism. The infec-
tion may also track deep to the nail plate and cause
more serious infections, such as subungual abscess,
felon, or osteomyelitis, that can eventually result in
amputation. Therefore, in addition to surgical
drainage, the authors recommend oral antibiotics
(dicloxacillin), elevation, immobilization, packing,
and local antiseptic creams or soaks. Drainage con-
sists of incision over the area of greatest skin
tension. It may also be necessary to remove the nail
plate.

A felon is a subcutaneous infection of the pulp of
a digit that is usually due to penetrating trauma and
subsequent inoculation with Staphylococcus. The
subcutaneous tissue of the pulp is compartmental-
ized by tangentially oriented fibrous septa. Because
of these strong septa, there is no route for egress of
the increased interstitial fluid, and therefore the
infection leads to necrosis and abscess. If a patient
is seen immediately after a puncture wound in the
distal phalanx, antibiotics (dicloxacillin), elevation,
and splinting may suffice. If there is no response to
such a conservative treatment regimen, the authors
prefer a straight midlateral incision. The incision is
made dorsal to the neurovascular bundle, and care
is taken to incise across all the involved septa. A fish
mouth incision should be avoided because it is slow
to heal, destabilizes the pulp, and can result in flap
necrosis.

Herpetic whitlow is a viral infection, which man-
ifests as intracutaneous vesicular bullae in the 
fingertip. It most commonly occurs in nurses, respi-
ratory therapists, and dentists who have direct
contact with active herpetic vesicles. Clinical symp-
toms include pain and pruritus before eruption of
the vesicles. The diagnosis is made clinically by the
history and physical examination. The mainstay of
treatment is prevention of autoinoculation and
transmission of the infection. Unroofing the vesicles
is recommended, followed by the application of a
dressing. Herpetic whitlow is self-limited; therefore,
antiviral agents are not indicated. Incising the
aseptic area of herpetic whitlow is contraindicated

because secondary bacterial infection can ensue and
cause prolonged, disabling fingertip problems.

Deep Space Infection

Infections of the potential subfascial or deep spaces
of the hand are uncommon, but well recognized.
They account for 5% to 15% of all hand infections.
Kanavel has been credited with naming several
potential subfascial or deep spaces, including the
thenar, midpalmar, hypothenar, dorsal subaponeu-
rotic, and interdigital web spaces. Aggressive surgi-
cal drainage of these deep space infections is
advocated for such infections of the hand. Deep
space infections are caused by mixed organisms
such as staphylococci, anaerobes, and gram-negative
rods. In addition to surgical intervention, antibiotic
coverage (cefazolin or ampicillin-sulbactam) is
essential.

The dorsal subaponeurotic space is a potential
space on the dorsum of the hand, deep to the digital
extensor tendons and superficial to the fascia 
overlying the interosseous muscles and the perios-
teum of the metacarpals. An abscess in that space
leads to swelling and erythema of the dorsum of the
hand. Fluctuation or purulence extruding from the
wound directs treatment to the necessary surgical
exploration and drainage. For diffuse infection, the
authors prefer two longitudinal incisions, one over
the second metacarpal and the other between the
fourth and fifth metacarpals.

Thenar space infection should be referred to as
either an anterior or posterior adductor space infec-
tion. The anterior border of the more commonly
involved anterior adductor space is formed by the
index finger flexor tendons and the midpalmar
septum; the posterior border is the fascia of the
adductor muscle itself. The princeps pollicis artery
and parts of the deep palmar arch run within the
posterior adductor space. The thenar region is
usually dramatically swollen and exquisitely tender
to palpation, and the thumb is held in abduction
because this position increases the capacity of the
deep spaces. Drainage of the anterior adductor space
may be performed through a curvilinear palm inci-
sion parallel to the thenar crease on the ulnar side
at the base of the thenar eminence. It may need to
be combined with a dorsal, longitudinal incision
between the thumb and index metacarpals to open
the posterior adductor space.

The midpalmar space is a potential space between
the flexor tendons of the long, ring, and little fingers
and the fascia of the second and third interosseous
muscles and periosteum of the third, fourth, and
fifth metacarpals. The radial border is the midpal-
mar septum, and the ulnar border is the hypothenar
septum. In midpalmar space infection, the normal
palmar concavity of the hand is lost, and motion of
the middle and ring fingers is usually limited.
Drainage is performed via a transverse incision par-
allel and proximal to the distal palmar crease.
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The hypothenar space is the potential space
between the intermuscular septa of the isolated
hypothenar musculature; it is bounded radially by
the hypothenar septum and dorsally by the fifth
metacarpal. Abscesses are drained through an inci-
sion at the point of maximal tenderness.

Infection of the web between any of the digits can
be caused by puncture wounds or by an infected
callus over the metacarpal head. Web space infec-
tions have a tendency to erode through the palmar
fascia and form a secondary abscess on the dorsum
of the hand. The fingers bordering the involved web
space are splayed because tissue pressure holds
them apart. This type of infection is also called a
collar button abscess. The infections generally point
in the looser tissue on the dorsal side, and recogni-
tion of the palmar component may require a high
index of suspicion. For drainage purposes, a palmar
zigzag incision and a dorsal longitudinal incision are
performed. Incisions placed transversely across the
web space should be avoided because of subsequent
scar contraction and resulting loss of full finger
abduction.

Pyogenic Flexor Tenosynovitis

Flexor tendon sheaths are poorly vascularized, are
rich in synovial fluid, and offer a hospitable environ-
ment for infection, which can spread without obstruc-
tion from the proximal to the distal limits of the
sheath. The most common microbial pathogens are
Staphylococcus, Streptococcus, and Pseudomonas.
The index, middle, and ring fingers are most fre-
quently affected. Kanavel’s four signs remain the key
to diagnosing this condition: the presence of fusiform
swelling, flexed attitude of the affected finger, ten-
derness along the course of the flexor tendon sheath,
and pain with passive stretch of the finger.

The most sensitive of these signs is pain on
passive finger extension. Suppurative flexor
tenosynovitis requires prompt treatment to avoid
adhesions, tendon necrosis, or amputation of the
digit. Nonoperative treatment consisting of immobi-
lization and intravenous antibiotic therapy is appro-
priate only if the infection is identified at a very
early stage (within the first 48 hours). If a rapid clin-
ical response does not occur, operative intervention
is indicated. The goal is to drain the infection and
allow continued drainage without compromising the
function and anatomy of the flexor tendon and its
canal. This goal is best accomplished through saline
irrigation of the tendon sheath with a catheter. The
authors’ preferred method requires a transverse
incision in the area of the A1 pulley and a midlat-
eral incision along the middle and distal segments
of the digit. Through the transverse incision, access
is obtained to thread a catheter under the A1 pulley
in the flexor tendon sheath for a distance of 2 cm.
The catheter is sutured to the skin and the wound
closed around the catheter. Through the midlateral
incision, the sheath is resected distal to the A4

pulley. A small drain is brought from the tendon
through the skin distally and sutured to the skin.
The wound is closed around the drain. The system
is flushed copiously with manual pressure every 2
hours until signs of infection have abated. Treat-
ment also includes parenteral antibiotics such as
cefazolin.

Necrotizing Fasciitis

Necrotizing fasciitis is a severe, fulminant infection
of the superficial fascia and subcutaneous tissue; 
it is most commonly encountered in patients with
diabetes mellitus, alcohol abuse, and intravenous
drug abuse. The disease is caused by Streptococcus
pyogenes or a synergistic infection of anaerobic and
facultatively anaerobic bacteria.

The infection can spread unrecognized along
fascial planes beneath seemingly normal skin. The
relatively benign appearance of the extremity is mis-
leading and often results in delay in diagnosis with
increased morbidity and potential mortality. The
classic signs and symptoms are erythema, advanc-
ing cellulitis, pain, crepitance, high fever, and other
systemic signs of sepsis. Skin bullae and necrosis are
signs of a later stage of the disease. Liquefactive
necrosis of the fat and superficial fascia leads to the
characteristic appearance of grayish, watery, and
foul-smelling fluid often referred to as “dishwater
pus.” The necrotic fascia observed at the time of 
surgical exploration is pathognomonic. Immediate
radical débridement is mandatory and must be
extended until healthy muscle and fascia are
observed. Serial débridement is warranted every 12
to 24 hours until the infection is suppressed. Early
surgical intervention is the key to successful treat-
ment of necrotizing fasciitis. A combination of intra-
venous broad-spectrum antibiotics is recommended,
such as a cephalosporin (staphylococci and strepto-
cocci), penicillin (anaerobes), and gentamicin (gram-
negative organisms). The patient may deteriorate
rapidly, and sometimes early amputation may be
necessary to control a particularly severe infection.

Gas Gangrene, Clostridial Myonecrosis

Gas gangrene is an anaerobic infection most fre-
quently caused by Clostridium perfringens that
develops in contaminated, devitalized wounds. It is
a rare condition with an estimated 1000 to 3000
cases in the United States annually. Clostridia
produce a number of toxins that are systemically
toxic and can be lethal. Clostridial infections are
seen in the hand after penetrating injury, and gan-
grene is manifested as swelling, pain, ecchymosis,
and bullae. The exotoxins cause necrosis of muscle,
subcutaneous tissue, and fat with palpable subcu-
taneous gas formation. Radiographs may confirm
the presence of gas in soft tissue, a finding that
demands immediate incision and aggressive surgi-
cal débridement of the necrotic tissue (Fig. 3).
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Prompt surgical intervention is crucial in the event
of gas gangrene because clostridial myonecrosis pro-
gresses rapidly and patients soon become septic and
moribund secondary to irreversible hypotension and
renal failure.

Animal Bites

More than 1 million animal bites requiring medical
attention occur annually in the United States;
approximately 1% to 2% require hospitalization.
Dogs are responsible for 90% of all animal bites, but
cat bites are more likely to become infected. Animal
bites can cause significant infection despite a benign
appearance initially. An in-and-out puncture wound
may lead to inoculation of bacteria in a joint or one
of the potential deep spaces of the hand, both of
which represent an excellent culture medium.
Animal bites cause mixed infections, but Pasteurella
multocida, a gram-negative anaerobic bacterium,
has been identified as an important pathogen in
animal bite infections. The presence of cellulitis,
lymphangitis, and serosanguineous or purulent
drainage within 12 to 24 hours after a cat or dog bite
strongly suggests P. multocida as the offending
organism. Initial treatment consists of thorough
irrigation and débridement of necrotic and damaged
tissue. Antibiotic coverage should include cefazolin
and penicillin.

Human Bites

Human bites can introduce infection via nail biting,
traumatic amputation of digits, full-thickness bite

wounds, or the so-called clenched fist injury. Human
bite wounds are by far more virulent than a similar
injury caused by an animal. Agents that most often
cause infection are Streptococcus, Staphylococcus,
and Eikenella corrodens. Far more serious condi-
tions such as hepatitis, herpes, tuberculosis, actino-
mycosis, and possibly human immunodeficiency
virus infection may also be passed through a human
bite wound. In the case of a clenched fist injury or
fight bite, a possible deep puncture into the joint
must be suspected until proved otherwise. Note that
the superficial laceration might be well proximal to
the deep penetrating wound because of the clenched
fist position of the hand when the injury occurred.
Surgical exploration of such a wound with thorough
irrigation and débridement is warranted. Antibiotics
play a critical role in improving the clinical outcome.
Cefazolin and penicillin are recommended. Compli-
cations of incompletely treated human bite infec-
tions include arthritis, joint stiffness, osteomyelitis,
and toxic shock syndrome.

Pyogenic Arthritis

Joint infections are most likely secondary to direct
penetration of the joint capsule, but hematogenous
spread from tooth abscesses or from ear, gastro-
intestinal, and genitourinary infections occur as
well. The joint is usually swollen, warm, and tender.
The most likely pathogens are Staphylococcus and
Streptococcus. Passive motion is restricted and
painful. If there is any doubt that the infection has
been detected early, drainage is imperative because
of the deleterious effect of pus on cartilage; the joint

A B

Figure 3 • Patient with gas gangrene after an open fracture in the proximal phalanx of the third right digit. A, Dorsal hand view
showing the open fracture and marked swelling of the hand. B, The arm after débridement with loss of the extensor tendons to the
long and ring finger.
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osteomyelitis of the hand and be familiar with
the principles of treatment. 

• The critical issue in osteomyelitis is bone necro-
sis because microorganisms residing in dead
bone can cause flare-ups as late as 50 years
after the initial injury. Surgical exploration is
indicated in virtually all cases of osteomyelitis,
and débridement of all infected and devitalized
tissue is essential. Antibiotic therapy should
include cefazolin and gentamicin, and it is
oftentimes necessary to keep patients on that
regimen for 4 to 6 weeks. Osteomyelitis sec-
ondary to septic arthritis has a particularly
poor prognosis. 

• After a period of brief immobilization, early
active motion is critical in maintaining hand
function.
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is also débrided and irrigated. Cefazolin is the
antibiotic of choice.

Postoperative Care

Postoperative care includes constant elevation of the
arm and the application of a plaster splint to ensure
immobilization. Except for the cases that require
closed irrigation, wounds should be left open and
covered with wet saline gauze to promote drainage.
Active hand motion is encouraged to prevent stiff-
ness. When the infection resolves, the dressings can
be changed to wet-to-dry three times a day until the
wound is healed.

Pearls and Pitfalls

• An undrained area of infection is a common
reason for failure to improve after initial treat-
ment. 

• Knowledge of the potential deep spaces of the
hand helps to uncover extensions of the
abscess. 

• If an infection continues to smolder despite
appropriate treatment, occult osteomyelitis
should be suspected. 

• Because nearly half of all digits with
osteomyelitis ultimately require amputation
and many others remain stiff or persistently
symptomatic, it is important to recognize



The initial assessment of a severely injured lower
extremity must focus on whether the mutilated limb
meets the criteria for amputation. Every effort
should be made to prevent unsuccessful attempts at
salvage that eventually result in amputation, a deci-
sion that can carry significant cost, morbidity, and
at times, mortality. When amputation is inevitable,
it should be performed early to minimize complica-
tions and shorten the length of hospitalization.
Lower extremity salvage is the most desirable goal
and should be attempted only if the criteria for
amputation are not met.

Etiopathogenesis

Most severe, mutilating injuries are the result of
high-energy blunt forces and occur in young, other-
wise healthy patients. Equally devastating tissue
injury can result from extensive osteomyelitis with
osteonecrosis, tumor extirpation with or without
radiation therapy, diabetic ulceration, peripheral
vascular disease, failed joint replacement, or other
causes. Children may present with challenging
defects after severe burns, debulking procedures 
for vascular malformations, radical limb-sparing
procedures for malignancy, congenital deficiencies,
and vasculitis/infections (e.g., purpura fulminans).
Power lawn mower accidents are a common cause of
leg injuries in children younger than 16 years.

Pathologic Anatomy

The surgeon must consider the location of the wound
and carefully appraise the extent of tissue injury.
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The thigh may be divided into the hip and proxi-
mal/lateral thigh, midthigh, and supracondylar
knee. The leg is divided into thirds (proximal,
middle, distal), reflecting the relationship of the
tibia with surrounding soft tissue. The foot is
divided into the proximal non–weight-bearing
region (Achilles and malleolar area), the proximal
weight-bearing region (heel and proximal plantar
area), the dorsum, and the distal plantar region.

Tissue Assessment

COMPLETE AMPUTATION. The most severe injury,
a complete amputation, is often associated with
injuries at multiple sites. Severe mutilation can also
result in incomplete amputation and other extensive
segmented extremity injuries. Complete amputa-
tions are rarely of the sharp, clean, “guillotine” type,
but rather are the result of extensive crush and avul-
sion that produce a wide “zone of injury” on each side
of the amputated part. Within the “zone of injury”
there is inflamed soft tissue that extends beyond the
gross margin of the wound and is associated with
increased perivascular friability and scar tissue. The
inflammatory changes must be considered when
assessing severely injured limbs because such
changes contribute to a higher failure rate in lower
limb microsurgical reconstruction. Proximal dissec-
tion of recipient vessels, the use of interpositional
vein grafts, and the use of distal vessels are recom-
mended to avoid the adverse effects of the zone of
injury on vascular anastomoses.

Complete amputation injuries in children present
additional challenges. The injured structures are
small, patients are uncooperative, and growth
potential must be considered, including late defor-
mity secondary to abnormal growth. However, chil-
dren are spared the adverse sequelae of ischemic
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and neuropathic problems associated with diabetes
and peripheral vascular disease that may be present
in older patients. They may have a better blood
supply, which augurs well for bone regeneration and
repair, as well as superior regeneration of neural
tissue.

Children frequently suffer from “run-over”
injuries that may produce crushing and degloving of
the lower extremity. Older children more frequently
have distal injuries of the foot commonly produced
by push mowers. Complete amputation from this
mechanism may be associated with minimal crush
and contamination and may be suitable for replan-
tation.

INCOMPLETE AMPUTATION
Skin and Muscle. Muscle injury, deep vein injury,
the extent of skin defects, and the presence of con-
tamination should all be assessed. Muscle injury
should be characterized as laceration, avulsion, or
crush injury involving one or more tendons and com-
partments (or any combination of such injuries). The
viability of contused or crushed skeletal muscle may
be difficult to determine initially but should be
assessed by standard objective criteria (color, con-
sistency, bleeding, contractility). Deep vein injury
may consist of contusion, partial or complete lacer-
ation, or avulsion. Superficial vein injury should
also be noted. Skin defects may be described in
terms of the circumference of the defect (one quarter,
one half, three quarters, etc.) and the presence of
avulsion or laceration, or both. Contamination may
be mild, moderate, or massive, depending on the
amount of dirt and other debris in the wound.

Bone and Joints. The degree of energy transfer and
the wounding mechanism are important deter-
minants of the extent of soft tissue and skeletal
injury. Classifications of open tibial fractures reflect
the prognostic significance of the mechanism of
injury on the outcome of lower extremity injuries
(Table 1). A plastic surgeon is usually requested to
assist in the management of Gustilo type IIIb or IIIc
injuries.

Neurovascular Status. The degree and duration of
limb ischemia influence the ultimate outcome. Open
tibial fractures with associated vascular injury
(Gustilo type IIIc injury) significantly increase the
probability of amputation. The injured extremity
must be evaluated for the presence of normal per-
fusion, and initial pulse assessment may be charac-
terized as absent, reduced, or normal. The status of
perfusion with respect to general appearance, capil-
lary refill, and temperature should be documented.
Absence of perfusion may result from kinked vessels
or vessels in spasm, and inflow may return after
fracture reduction.

The presence or absence of plantar sensation is
critical in the initial assessment of a mutilated
extremity. Nerve integrity may be the deciding factor

regarding whether to salvage or amputate. The
cause of the deficit (neurapraxia versus complete
transection) should be determined. Complete motor
and sensory deficits suggest nerve division or irre-
versible injury related to traction. Progressive neu-
rologic changes suggest ischemia related to arterial
injury or compartment syndrome. Avulsion, crush, or
complete transection of the posterior tibial nerve
portends a poor functional outcome, and primary
amputation should be considered. Other nerve
injuries do not preclude salvage, but the injury
should be distal enough to permit return of plantar
sensation and function within a reasonable period.

TABLE 1 Classification of Open 

Tibial Fractures

From Byrd HS, Spicer TE, Cierney G: Management of open tibial frac-
tures. Plast Reconstr Surg 76:159, 1989.
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Diagnostic Studies

The initial management of a patient with severe
lower extremity injury includes radiographic assess-
ment proximal and distal to the level of injury.
Duplex ultrasonographic imaging of both arteries
and veins, in particular the dorsalis pedis–posterior
tibial arterial system, should be performed. Patients
may be evaluated by arterial duplex examination,
magnetic resonance angiography, or conventional
angiography. Angiographic definition of the limb
vasculature is obtained for ischemic limbs and for
patients undergoing free tissue transfers. Middle-
aged amokers with long-standing diabetes or
chronic peripheral vascular disease should be eval-
uated by arteriography. On-table angiography may
be performed in the operating room if vascular
injury is suspected. The irritant effects of the con-
trast agent used for arteriography may be mini-
mized by performing arteriography 48 hours before
free tissue transfer. A vasodilating agent may also
be given during angiography before removing the
catheter.

Predictive Index Scores

Numerous predictive indices were developed to
assist in the decision between lower extremity
salvage and primary amputation. The Mangled
Lower Extremity Score Index (MESI), Limb Salvage
Index (LSI), Predictive Salvage Index (PSI), and
Mangled Extremity Severity Score (MESS) (Table 2)
are designed to identify unsalvageable limbs based
on objective criteria: skin and subcutaneous tissue,
bone, nerve, vessel, and associated injury. The
scoring systems have evident shortcomings. They
are difficult to apply, define success as a viable
rather than a functional extremity, and are unable
to identify unsuccessful salvage efforts that eventu-
ally lead to delayed amputation. Regardless of the
index used and the score obtained, the final decision
on whether to attempt limb salvage relies on the
clinical judgment of the surgeon.

Goals of Reconstruction

Severe lower extremities injuries are complex 
management problems best treated by a multidis-
ciplinary team. The attending physician, surgical
consultants (trauma, plastic, vascular, orthopedic),
psychiatrists and psychologists, therapists, and
social workers play important roles in providing
comprehensive care to a patient with severe lower
extremity injury.

A careful history to ascertain the cause and a
general examination and assessment of what is
injured or missing, as well as the surrounding vas-
cularity, should be performed before a reconstructive

plan is formulated. All management strategies aim
to restore anatomy and function as best as possible
to the preinjury state. If amputation is the treat-
ment chosen, the goal of stump salvage is to pre-
serve length with a maximum number of working
joints and create a well-perfused stable stump that
can be fitted with a functional prosthesis to mini-
mize energy dissipation during ambulation.

Treatment

Replantation

Replantation of amputated lower limbs is techni-
cally feasible, but not uniformly practiced. Severe
associated injuries usually preclude replantation,
and prosthetic alternatives are widely acceptable.
The results of replantation must be compared with
those obtained with prosthetic devices; a marginally
functional, replanted lower limb may be a greater
liability when the risk of surgery, associated post-

TABLE 2 Mangled Extremity 

Severity Score Variables

VARIABLE POINTS

Skeletal/Soft Tissue Injury

Low energy (stab, simple fracture, “civilian” 1
GSW)

Medium energy (open or multiple fracture, 2
dislocation)

High energy (close-range shotgun or 3
“military” GSW, crush injury)

Very high energy (above + gross 4
contamination, soft tissue avulsion)

Limb Ischemia

Pulse reduced or absent but perfusion 1*
normal

Pulselessness, paresthesias, diminished 2*
capillary refill

Cool, paralyzed, insensate, numb 3*

Shock

Systolic blood pressure always >90 mm Hg 0
Hypotensive transiently 1
Persistent hypotension 2

Age (yr)

<30 0
30–50 1
>50 2

*Score doubled for ischemia longer than 6 hours.
GSW, gunshot wound.
From Johansen K, Daines M, Howey T, et al: Objective criteria accu-

rately predict amputation following lower extremity trauma. J
Trauma 30:568, 1990, © 1990, The Williams & Wilkins Company,
Baltimore.
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operative pain, and extensive rehabilitation require-
ments are considered.

The goal of replantation is to provide a sensate,
painless extremity with stable stance and functional
gait. Careful patient selection helps to minimize
replantation failure. The overall status of the trau-
matized patient with respect to coexisting injuries
and baseline health is of primary importance. The
amputated part should be assessed and the period of
ischemia determined. Optimal care of the amputated
segment is a critical prerequisite for any attempt at
replantation. Amputated parts should be wrapped in
saline-soaked gauze and placed in a plastic bag on
ice. A 6-hour period for restoring perfusion to
ischemic limbs is generally accepted, but no definite
time limit can be established because many factors
influence the outcome of a dismembered limb.

The surgeon must appraise the dismembered
limb for the degree of crush injury. A distal, single-
level amputation devoid of a degloving or crush com-
ponent in an otherwise healthy, young nonsmoker
may present the ideal situation for replantation.
Multilevel injury, an extensive zone of injury, and
unreconstructible joints in the proximal or dismem-
bered segment mitigate against replantation.
Special effort at aggressive salvage should always
be made in children. Preservation of vascularized
epiphyseal plates allows the amputated part to
achieve normal bone length over time, and replan-
tation may be preferable to serial prosthetic read-
justment as bone growth proceeds.

Key operative elements for a successful outcome
include a two-team approach with pneumatic
tourniquet control on the proximal side. All devital-
ized tissue should be débrided, followed by bone
shortening. Nerves, arteries, and veins should be
identified. Bony stabilization and fixation are fol-
lowed by definitive vascular repair. Interpositional
vein grafts may be needed. Perfusion by shunt place-
ment in the proximal and distal arteries truncates
ischemia time and therefore minimizes additional
tissue loss at the expense of blood loss. Tension-free
nerve repair is critical. Immediate nerve grafting is
controversial because of difficulty defining the prox-
imal and distal zone of injury. Soft tissue repair is
followed by prophylactic fasciotomy in the ampu-
tated segment. There is usually some bone shorten-
ing that can be corrected at a later date with
distraction lengthening.

The risks of replantation, including disease trans-
mission associated with transfusion, infection, hema-
toma, compartment syndrome, myoglobinuria, and
acute renal insufficiency, must be weighed against
revision amputation and prosthetic substitution.

Amputation versus Salvage

Successful salvage without restoration of function is
not a true success. The management team must
identify patients who would truly benefit from limb
salvage with respect to functional outcome.

Factors that hold sway in the initial decision-
making process include the location and extent of
injury, the extent and severity of associated injuries,
the physiologic reserve of the patient, and the expe-
rience of the surgeon. Decisions are made with the
goal of maximizing functional results because these
patients may have many working years ahead of
them.

Primary amputation of a mutilated lower extrem-
ity can be achieved with low morbidity and satis-
factory functional outcome and remains a valid
reconstructive option. General guidelines for
primary amputation are listed in Table 3. The char-
acteristics of the patient (age, motivation to partic-
ipate in the rehabilitation process) and the degree
of family support may influence the decision-making
process.

Amputation should create a mobile soft tissue
envelope with proper bone contouring that absorbs
shear and directs force to make the interface with
the prosthesis comfortable. The ultimate aim is to
return the patient to bipedal ambulation with a
prosthetic device. Sufficient tissue must be débrided
to allow for primary healing, with attention directed
to the optimal site for prosthetic fitting (Fig. 1). The
more distal the amputation, the greater the likeli-
hood of effective weight bearing and ambulation
without a significant increase in energy expendi-
ture. Energy cost per distance increases above
normal by the following approximate percentages:
below knee, 25% (41% if bilateral); above knee, 65%
(280% if bilateral); hip disarticulation, 82%; and
hemipelvectomy, 125%. Walking speed decreases as
the level of amputation increases.

Hip disarticulation and hemipelvectomy place sig-
nificant demands on the patient. However, young and
highly motivated patients may be able to return to a

TABLE 3 Indications for Primary 

Lower Limb Amputation

Absolute

Total leg amputation in an adult
Sciatic nerve transection in an adult
Irretrievable devascularization

Relative

Life-threatening multisystem trauma
Insensate plantar surface of the foot from any source
Crushed foot or degloved plantar surface
Widespread leg crush injury with defunctionalization
Extensive bone loss
Multiple joint disruption
Multilevel injury
Elderly (age >55 years), especially with a history of

diabetes or advanced peripheral vascular disease
Rehabilitation concerns

Modified from Hallock GG: Severe lower-extremity injury: The rationale
for microsurgical reconstruction. Orthop Rev 15:465-470, 1986.
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useful working life. Above-knee amputations are
more difficulty to adapt to and require greater energy
expenditure than below-knee amputations do. There-
fore attempts should be made to preserve a func-
tional knee joint. If an above-knee amputation must
be performed, as long an above-knee stump as possi-
ble should be retained. Myocutaneous flap closure
and modern prosthetics help to optimize function,
but the large thigh muscle mass tends to atrophy
with time, thus leaving a large amount of redundant
skin that must be controlled by the prosthesis.

A knee amputation at the supracondylar level with
patellofemoral fusion provides a stable tendon-to-
bone anchor for excellent weight-bearing potential.

A through-knee amputation offers the advantage
over above-knee amputation of full muscular control
of the femur, and proprioception is preserved with
an end weight-bearing prosthesis.

Below-knee amputations are the most common
and the easiest to fit with a prosthetic device.
Stumps measuring more than 5 cm from the medial
joint line may be fitted with a prosthesis. Longer
below-knee lengths increase mechanical efficiency
and decrease energy expenditure. Osteomyoplasty
improves end-bearing potential by producing a bony
bridge between the tibia and fibula with the ante-
rior and posterior muscle groups secured over the
bridge.

Ankle-level amputations are functionally supe-
rior to amputations performed at a more proximal
level. Syme’s amputation (tibiotalar disarticulation)
retains a proprioceptive heel pad with only a slight
increase in energy expenditure, and it is indicated
when one is unable to salvage the foot more distally.

The sensate heel allows for accurate foot placement
during ambulation. However, Syme’s amputation is
not frequently performed because the broad ankle
may be bulky and prosthetic devices are frequently
difficult to use. Although most prefer to perform the
amputation below the knee, Syme’s amputation may
be performed in the pediatric population because
through-bone amputations tend to be less satisfac-
tory as a result of stump pressure points, discom-
fort, and shin breakdown caused by continued
irregular bone growth at the amputation site.

Other hindfoot amputations include Boyd’s
amputation and Pirogoff ’s amputation (both with a
calcaneotibial arthrodesis). These amputations may
produce a less bulbous, more cosmetic stump with
superior prosthetic fit and less heel pad migration.

Midtarsal (Chopart’s) and tarsometatarsal 
(Lisfranc’s) amputations may be performed when
there is insufficient viable tissue for a short trans-
metatarsal amputation. Their major disadvantage
is muscle imbalance, which may lead to an equino-
varus position of the residual foot. Tendon length-
ening or transfers along with arthrodesis can be
performed to correct an equinovarus deformity.

Transmetatarsal amputation should be consid-
ered when most or all of the first metatarsal must
be removed or when two or more medial rays (or
more than one central ray) need to be resected.
Preservation of as much length of the first
metatarsal as possible may allow for effective
restoration of the medial arch with a custom-molded
inset and a rocker bottom sole.

Spare Parts

Preservation of viable parts of the mangled limb is
a well-established practice, and severely trauma-
tized limbs deemed unacceptable for salvage or
replantation should be carefully evaluated for this
purpose. Reconstructions that maximize available
tissue should be considered in young healthy
patients instead of the traditional options available
for elderly patients. The amputated part may
provide grafts of skin, nerves, veins, arteries, and
tendons, as well as composite fillet flaps and toe
transfers (for concomitant upper extremity injury).
Composite free tissue transfer with tissue from the
amputated part may provide additional bone and
soft tissue to create longer and more functional
stumps for those with inadequate bone length. If the
knee joint cannot be salvaged, the surgeon may con-
sider a free vascularized “Van Ness” transfer, a tech-
nique in which the amputated ankle joint is rotated
180 degrees and attached to the femur to create a
neo–knee joint.

The surgeon should be aware of the value of
“spare parts” and apply them accordingly. An ampu-
tated part that may be useful after adequate serial
débridement of the stump may need to be replanted
in an ectopic location and transferred later when
local conditions allow (Fig. 2).

Ideal Amputation Levels
Total Contact with End-Bearing Potential

Foot
Transmetatarsal
Midfoot
Hindfoot

Ankle
Syme’s
Pirogoff’s
(Tibiocalcaneal osteomyoplasty)

Below the knee
(B.K.)

Ertl type
Tibiofibular osteomyoplasty

Through the knee
(T.K.) T.K. and variants

Supracondylar Patellofemoral osteomyoplasty

Figure 1 • Ideal amputation levels.
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A B

C D

E

Figure 2 • A 36-year-old woman sustained a
severe mangling amputation and degloving
injury of the hand (A) and a below-knee com-
plete amputation (B). C, The spare part avail-
able. D, A free “fillet of sole” flap based on the
posterior tibial vessels was used for coverage
of the below-knee amputation stump. E, The
left hand was reconstructed with a flap of the
dorsum of the foot and toes based on the ante-
rior tibial vessels and anastomosed to the ulnar
vessels.



The Mutilated Lower Extremity —— 655

T
h

e Lo
w

er E
xtrem

ity

Salvage

If salvage is to be successful, it is imperative that
débridement be performed as early and as thor-
oughly as possible to prevent infection and prepare
the mutilated lower extremity for reconstruction.
Local and systemic factors conspire to predispose a
severely injured lower extremity to infection. The
lower extremity is also more prone to infection than
other regions in the body are. Patients with muti-
lated lower limbs frequently have associated
injuries and may have significant blood loss, thus
setting the stage for an impaired delayed hypersen-
sitivity response and decreased neutrophil chemo-
taxis as seen in a severely injured patient.
Débridement is the basis for successful salvage and
entails complete exposure of the wound with
removal of all necrotic tissue. A pneumatic tourni-
quet is inflated on the proximal side. Vital struc-
tures in the wound are inspected and preserved. All
devitalized soft and bony tissue should be removed.
Large intermediate fracture fragments with
attached soft tissue may be able to be preserved if
wound coverage is provided in the acute phase of
injury. Full- or split-thickness grafts may be pro-
cured from degloved tissue. Copious high-pressure
irrigation cleanses the wound of bacteria and par-
ticulate matter. Four-compartment fasciotomy is
performed on the distal segment in the setting 
of ischemia. Broad-spectrum antibiotic therapy
should be administered but is of little value if
débridement is incomplete. On-table angiography
and immediate revascularization may be performed
if necessary. Multiple débridement sessions at fre-
quent intervals are often necessary to ensure that
all devitalized or marginal tissue has been removed
and the zone of injury is clearly defined. Interval
moist saline gauze dressings or wound-healing
adjuncts such as the vacuum-assisted closure (VAC)
dressing may be used. The VAC dressing is espe-
cially helpful in immobilizing skin grafts over irreg-
ular surfaces.

Bone Fixation

Bone fixation is performed in close cooperation with
the plastic surgeon, who may be asked to assist in
wound coverage or vascularized bone transfer, or
both. There is usually more soft tissue coverage 
for injuries above the knee, and external or internal
fixation (plates or intramedullary nails) may be
applied. Below the knee, an external fixator is gen-
erally applied for tibial injuries with extensive soft
tissue injury. The use of antibiotic-impregnated
beads has been shown to be a valuable adjunct in
the prevention of infection in open fractures by 
producing high local levels of antibiotic in a moist
environment. The Ilizarov distraction technique with
an external fixator may be used for bone stabiliza-
tion in cases in which adequate bone stock is
present.

Soft Tissue Reconstruction

The time of definitive wound closure is controver-
sial. Immediate emergency coverage within 24
hours after injury is rarely performed for high-
energy–induced open fractures, but it may be nec-
essary for open joint injuries or for coverage of
exposed neurovascular structures. Acute, sharp,
noncontaminated injuries may also be débrided and
closed during the same operation. Soft tissue cover-
age is more commonly performed in the acute injury
phase (within 5 to 7 days). A patient whose wound
is closed within this period benefits from a shorter
hospital stay, less pain with dressing changes, fewer
operations, reduced incidence of flap failure, short-
ened interval from injury to full weight bearing, and
decreased infection rate. Coverage within the acute
injury phase may be necessary for wounds with
exposed tendons or bone denuded of periosteum.
However, in many patients with a high-energy
injury, early soft tissue reconstruction may not be
possible because of associated injuries and the poor
general condition of the patient. In these circum-
stances, patients may be managed by serial
débridement followed by radical redébridement and
definitive wound coverage (ideally within 14 days of
injury). This strategy allows marginal tissues to
declare their viability and the zone of injury to be
fully defined. Delayed bone reconstruction can be
performed in 4 to 6 months. Each case must be indi-
vidualized and the timing of closure determined by
the condition of the patient and the certainty of
proper wound débridement.

The type of reconstruction is determined by the
size and location of the wound, the length of pedicle
needed, and the presence and extent of dead space
that needs to be filled. Primary closure and skin
grafting may be appropriate in certain circum-
stances, but high-energy injuries usually call for
vascularized flap options. Local or regional muscle
flaps may be used to cover injuries in the hip, thigh,
and knee region. Hip wounds with exposed orthope-
dic hardware may be covered by pedicled flaps
(tensor fascia lata, vastus lateralis muscle, rectus
femoris muscle) based on the lateral circumflex
femoral artery. Bipedicle flaps may also be used to
cover exposed bone.

The gastrocnemius muscles are frequently used
for wounds of the knee and proximal third of the leg.
Fasciocutaneous bipedicle flaps or small muscle
flaps such as the tibialis anterior flap may also be
used to cover small defects of exposed bone. The
soleus muscle is classically used for wounds involv-
ing the midthird of the leg and occasionally for the
upper aspect of the lower third of the leg. A
hemisoleus flap may be used to preserve function.
Wounds of the lower third of the leg are best
managed by free tissue transfer.

Fasciocutaneous flaps may have a role in small to
moderate wounds without significant dead space.
They are indicated in patients in whom free tissue
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transfer cannot be performed or in whom significant
comorbidity mitigates against microsurgical trans-
fer. Fasciocutaneous flaps are not as malleable as
muscle flaps because of the rigidity of the fascia and
subcutaneous fat and may not be an option in an
obese patient, whose circulation to the skin may be
compromised. These flaps may require a skin graft
for coverage of the donor site.

Indications for free tissue transfer include high-
energy injuries, some middle and most distal third
tibial wounds, radiation wounds, areas of
osteomyelitis, bony nonunion, and wounds after
tumor extirpation. Free radial forearm, lateral arm,
and anterior lateral thigh flaps are examples of fas-
ciocutaneous flaps that may be used for coverage of
wounds without significant dead space. The latis-
simus dorsi, serratus anterior, and rectus abdominis
are muscle flaps that are frequently used because 
of large vessel diameter and long pedicle length.
These flaps additionally provide sufficient bulk to 
fill the dead space present after sequestrectomy. A
skin paddle may be incorporated, depending on the
need for contouring or for monitoring perfusion of
the flap.

Soft tissue coverage for chronic, infected wounds
(osteomyelitis) usually follows débridement of
infected bone and nonviable soft tissue and anti-
biotic therapy. Free tissue transfer using muscle
flaps obliterates dead space, improves vascularity,
and improves local immune function by enhancing
leukocyte function.

Recipient vessel selection is determined by the
vascular status of the lower extremity and the loca-
tion of the wound. Both the anterior and posterior
tibial arteries may be used proximal to the zone of
injury. Vein grafts may be necessary. The anterior
tibial artery distal to the zone of injury is easily
accessible and may be suitable, provided that flow
is pulsatile and sufficient for nourishing the flap.
End-to-side anastomosis is preferred for the arterial
anastomosis, especially if significant vessel size 
mismatch is present; it is also the only option in a
single-vessel limb. The veins accompanying the
arteries are generally used for end-to-end anasto-
mosis with the deep venous system because veins 
in the superficial system (saphenous veins) have a
greater propensity for spasm.

Bone Reconstruction

Bone reconstruction usually takes place 4 to 6 weeks
after definitive wound coverage. Nonvascularized
autogenous grafting is a well-established procedure
with a high rate of success when used appropriately.
This method is highly dependent on a healthy host
vascular bed; extensive scarring or postradiation
necrosis are examples for which this technique
should not be used. Nonvascularized cancellous
bone grafts may be used for small osseous defects
(<6 cm), but they may also be used for larger defects
if the fibula is intact and stable.

Vascularized bone grafts transfer their own 
vascular supply, as well as osteoinductive, osteocon-
ductive, and osteoprogenitor elements. They gener-
ally do not undergo resorption, have satisfactory
mechanical strength, and are more capable of resist-
ing infection. Vascularized bone transfers are indi-
cated for segmental defects larger than 6 cm or for
situations in which the fibula is not stable. Patients
treated for osteomyelitis may be candidates for vas-
cularized bone transfers. Free or pedicled bone
transfers may be performed. Pedicled transfers are
limited by donor availability, as well as by pedicle
length and position. The iliac crest and the fibula
are donor sites commonly considered for free vascu-
larized bone transfer. The fibula may be transferred
alone or as composite transfer with skin and muscle;
it can bridge defects up to 30 cm. The curvature of
the iliac crest limits its effective length to approxi-
mately 10 cm. Other donor sites include the scapula,
rib, metatarsal, radius, and skeletal tissue from dis-
membered parts.

Bone lengthening by gradual distraction (the
Ilizarov procedure) may be used to correct malunion
or nonunion. Acute shortening of bone to facilitate
neurovascular repair along with use of the Ilizarov
technique for bone lengthening at a distant site may
be performed in certain circumstances.

Postoperative Care

Rehabilitation

High-energy lower extremity injuries require
months to years of rehabilitation. The surgeon must
establish communication with the patient and
family early in the management process to explain
and clarify the lengthy process, which may include
secondary surgery. A protracted course of physical
and occupational therapy is necessary to restore as
much function as possible to the injured extremity.

Complications

Severe lower extremity trauma managed by either
amputation or limb salvage results in a significant
alteration in activities of daily living. The leg is 
subjected to hydrostatic pressures that increase the
incidence of edema, deep venous thrombosis, and
venous stasis. Compression garments or activity
modification may be necessary. Many patients may
have diminished function from a significant
decrease in joint range of motion. Limitation of
motion may also be due to muscle necrosis and fibro-
sis from both the injury and the muscle atrophy
resulting from the long period of immobilization.
The presence of stiff phalangeal joints can prevent
not only shoe wearing but also normal gait. Patients
may require the use of an assist device (cane or
brace) for ambulation.
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Tissue hypoxia and vascular injury may set the
stage for length discrepancy, which is a common
problem. Intentional foreshortening of the limb may
be necessary to achieve nerve coaptation or reduce
the soft tissue defect. Inequality is better tolerated
and compensated for in the femoral component than
in the tibia. Five centimeters or greater of inequal-
ity creates the need for additional procedures.

Lengthening and shortening of the involved
extremity are the two options that must be dis-
cussed with the patient. Lengthening procedures
mandate increased treatment time and addi-
tional hospitalizations. Patients must be carefully
selected for this treatment modality because it is
laborious and psychologically intensive. Scars,
unsightly skin grafts, and bulky free flaps may 
be addressed by additional surgery to enhance 
aesthetic appearance.

Outcomes

Studies have shown that over a quarter of patients
who were working before a severe lower extremity
injury had not returned to work by 12 months after
injury, with a fifth not returning to work after 30
months. Patient characteristics such as age, socio-
economic status, and preinjury psychosocial status
obviously contribute to difficulties in household
management, recreation, and social interaction.
Outcomes after appropriate trauma care and reha-
bilitation continue to improve, but further research
is needed to optimize reconstructive efforts.

Pearls and Pitfalls

• Many victims of high-energy trauma suffer a
major disruption in their life activities, but

those with a mutilated lower extremity repre-
sent a unique subgroup of trauma patients.

• The patients have greater expense at initial
hospitalization, higher estimated loss of wages,
a longer interval between injury and reem-
ployment, and increased unemployment.

• The patients need to be made aware that the
reconstructive process is expensive and entails
a considerable time commitment.

• Many will have significant physical limitations,
and some patients may not be able to return to
their previous employment.

• In many situations, amputation may allow
faster recovery and return to ambulation.
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Current estimates are that 5% to 10% of the U.S.
adult population suffers from diabetes mellitus.
Approximately 50% of the diabetic population has
some evidence of lower extremity arterial insuffi-
ciency, and a nonhealing lower extremity ulcer will
develop in 15% of diabetics within their lifetime. Of
those in whom a foot ulcer develops, osteomyelitis
will develop in 15%, and 15% will require some level
of amputation secondary to osteomyelitis, tissue
loss, or uncontrollable infection. Approximately
50,000 amputations are performed yearly in the
United States, and fully 60% to 70% are in diabetic
patients. Problems related to diabetic lower extrem-
ity ulcers account for billions of dollars in health
care costs annually.

There is a wide spectrum of patients with lower
extremity diabetic and ischemic ulcers. Many ulcers
respond to behavior modification and routine local
wound care. Others require débridement with or
without some degree of vascular intervention.
Finally, a group of patients have such significant
tissue loss that revascularization alone does not
suffice to close all wounds and provide a stable foot
for ambulation. In these cases, the reconstructive
surgeon can mean the difference between amputa-
tion and limb salvage. It is in this group of patients
that free tissue transfers in combination with
bypass surgery are used for extended limb salvage.
Extended limb salvage is defined as procedures that
combine arterial bypass surgery and free tissue
transfer in patients with lower extremity wounds
who would otherwise undergo below-knee amputa-
tions. In properly selected patients, extended limb
salvage with free flaps and bypass grafts is an
appropriate procedure to maintain bipedal ambula-
tion and preserve quality of life. This chapter is
designed to outline treatment options for patients
with diabetic and ischemic lower extremity ulcers,
with a focus on the use of free tissue transfer for
salvage of the threatened lower extremity.

The Diabetic and Ischemic 
Lower Extremity

JOHN B. HIJJAWI
GREGORY A. DUMANIAN

Etiopathogenesis/Causative Factors

The etiologic factor clearly involved in a patient with
isolated lower extremity ischemia is atherosclerotic
occlusive disease. However, the diabetic milieu is not
one of atherosclerosis alone. Rather, an environment
exists in which the pathologic mechanisms of neu-
ropathy, ischemia, immunopathology, and infection
work in concert. This pathophysiologic interplay
typically results in greater tissue perfusion require-
ments to maintain or regain skin integrity in dia-
betic subjects than in patients with nondiabetic
ischemic disease.

Neuropathy is linked to autoimmune mecha-
nisms with resultant demyelination, nerve edema,
and slowed nerve conduction. Sensory, motor, and
autonomic neuropathies typically result. Ischemic
disease in diabetic patients tends to be histologically
similar to that in nondiabetic individuals, but 
it manifests in anatomically unique locations.
Disease tends to be isolated to an infrapopliteal, but
supratarsal region of the lower extremity. Polymor-
phonuclear cell dysfunction is a hallmark of diabetic
immunopathology. Cell migration, phagocytosis, and
opsonization are all dysfunctional. The magnitude
and extent of physiologic and anatomic dysfunction
in a diabetic lower extremity ultimately reflect the
degree of neuropathy, ischemia, and immunopathol-
ogy, which in turn reflect the severity and duration
of hyperglycemia.

Charcot’s Neuroarthropathy

Charcot’s neuroarthropathy is present in the feet of
3% to 5% of all individuals with diabetes. Motor neu-
ropathy leads to intrinsic muscle weakness, which
results in dysfunction of the foot flexion-extension
balance and an “intrinsic-minus” foot (analogous to
patients with ulnar nerve dysfunction in the hand).
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The toes extend at the metatarsophalangeal joints
and flex at the interphalangeal joints because of
absent function of the foot intrinsic muscles, thereby
resulting in a “claw foot” deformity. Other gross find-
ings include pes cavus deformity, digital extensor
subluxation, and prominence of the metatarsal head.

Loss of proprioceptive protective sensory input in
the setting of this deranged anatomy potentiates
further destruction of articular surfaces and joint
subluxation. The subsequent loss of normal pedal
arches leads to the redistribution of peak plantar
pressure to focal areas of the foot, including the
metatarsal heads and calcaneus. Correlations
between areas of high focal pressure and sites of
ulceration support a mechanical contribution to the
initiation of wound problems in the diabetic foot.

Mal Perforant Ulcers

Sensory neuropathy and autonomic neuropathy
work in collusion in the diabetic foot to cause a mal
perforant ulcer, often the inciting event in a cascade
leading to skin breakdown, infection, osteomyelitis,
and amputation. Autonomic dysfunction causes
anhidrosis and hyperkeratosis with hard, dry callus
formation on insensate, pressure-bearing areas of
the anatomically deranged diabetic foot. Concomi-
tant sensory neuropathy then facilitates unre-
stricted, pain-free weight bearing of hard, keratotic
material on the underlying dermis, which can lead
to fissure formation and full-thickness dermal necro-
sis and ulceration. The resultant mal perforant
ulcer, typically located at the metatarsal heads, 
provides ready access for bacteria. The preexisting
ischemic environment and the immunopathology of
hyperglycemia facilitate the development of an inva-
sive, polymicrobial infection. Often, even invasive
infections go unnoticed because of sensory impair-
ment. It is not until the development of tissue necro-
sis or systemic infection that medical attention is
sought.

Microcirculation

A common misconception exists regarding the
unique atherosclerotic changes in the microcircula-
tion of diabetic patients. The misconception is that
there is obstruction and occlusion of vessels at the
capillary and tissue perfusion level in diabetic
patients suffering from peripheral vascular disease.
The clinical implications of this concept of “small
vessel disease” would argue against the potential
efficacy of any arterial reconstruction in the diabetic
lower extremity. Both clinical experience and multi-
ple studies have failed to demonstrate any evidence
of microcirculatory occlusion in diabetic patients.
This unproven concept lingers and thereby adds to
a sense of futility in the treatment of diabetic foot
wounds. There is evidence, however, that capillary
basement membranes are thickened in diabetic
patients, but no evidence of obstruction in the 

capillary lumen diameter has been correlated with
the thickening. It is postulated, but remains
unproved, that diabetic vessels are resistant to the
diffusion of nutrients and waste products as a result
of basement membrane thickening. No significant
differences in transcutaneous PO2 levels have been
found between diabetic and nondiabetic patients
with peripheral vascular disease, further debunking
the myth of “small vessel disease” unique to diabetes.

Pathologic Anatomy

Patterns of Vascular Disease

Although histologic examination of lower extremity
atherosclerotic lesions in diabetic and nondiabetic
subjects reveals similar findings, the anatomic dis-
tribution of these lesions is unique to each group. A
clear understanding of these patterns is critical to
approaching wound management in diabetic
patients. Diabetic patients manifest occlusive
lesions in the distal popliteal and tibioperoneal
arteries with relative sparing of vessels in the foot,
particularly the dorsalis pedis. Profunda femoris
occlusive lesions tend to be at least three times as
common in diabetic subjects, whereas aortic disease
tends to occur only half as frequently as in nondia-
betic controls. The diseased vessels also tend to
demonstrate a significant degree of calcification
within the arterial media, an important technical
issue when considering microvascular reconstruc-
tion in the lower extremity.

Pedal sparing provides the opportunity for distal
revascularization in many patients. Patients with
apparently ischemic feet and diseased tibioperoneal
vessels may in fact have reconstituted dorsalis pedis
and posterior tibial vessels, thus providing an array
of treatment options beyond amputation. In addition
to pedal sparing, nonsmoking diabetic patients typi-
cally demonstrate sparing of the superficial femoral
and proximal popliteal vessels. This finding is in
sharp contrast to patients with nondiabetic lower
extremity occlusive disease, who most frequently
have occlusion of the superficial femoral system,
often at the adductor hiatus or Hunter’s canal.

The clinical importance of these patterns is that
successful limb salvage by arterial reconstruction
alone often requires use of the superficial femoral
artery or proximal popliteal vessels as inflow
sources and the distal tibial or dorsalis pedis vessels
as outflow targets. It is the refinement of such distal
bypass procedures that has helped to improve out-
comes in many diabetic patients.

Distribution of Wounds

Foot wounds can be grouped into one of several cat-
egories in the discussion of extended limb salvage.
Pressure sores occur over the metatarsal heads 
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(the so-called mal perforant ulcer), on the midfoot
between the sole and the metatarsal heads in
patients with Charcot feet, and on the posterior
aspect of the heel and calcaneus in bedridden
patients. Dorsal foot wounds occur in patients with
severe vascular disease in which the anterior tibial
system is more severely affected than the posterior
tibial system. Distal foot wounds are most typically
due to infections that cause abscesses in the web
spaces. The patient is late to recognize early signs
of pain and swelling because of neuropathy, and the
infection can cause significant tissue loss. These
distal wounds can even occur in patients with strong
ankle pulses.

Diagnostic Studies

Clinical evaluation of a diabetic patient with a lower
extremity ulcer remains the most critical “diagnos-
tic study” available. The ultimate questions to
answer are “Will this wound heal with local wound
care alone?” and “How extensive will surgical inter-
vention need to be?” Serial examinations are criti-
cally important. Serial clinical evaluations often
provide the best indication regarding whether a
wound is vascularized sufficiently to heal sponta-
neously with good local wound care. After débride-
ment, one can detect the formation of new
granulation tissue or, conversely, the extension of
tissue necrosis as the wound margins grow.

It is critical to decide whether a diabetic lower
extremity wound is clean or infected and, if infected,
whether it requires immediate débridement. The
immunopathology and vascular inadequacy of many
diabetic patients make the potential for overwhelm-
ing infection in the lower extremities much greater
than in patients with atherosclerosis alone. There-
fore, diligence is mandatory when evaluating these
patients. Potential signs of systemic infection are
noted, including fever, tachycardia, hypotension, or
leukocytosis. The presence of any of these signs
raises suspicion that an occult deep space infection
exists. The extremity is evaluated for erythema,
warmth, significant pain with palpation, or loss of
soft tissue contours, which may indicate deep space
infection or purulent fluid collections. The con-
tralateral foot is often helpful in providing compar-
ison. Although neuropathy is the rule in diabetic
feet, most diabetic patients still demonstrate pain
with a significant deep space infection or with
undrained pus in the lower part of the leg or plantar
compartments.

The wound is assessed for size, geometry, depth,
and location. As these features are delineated, the
requirements for a healed, stable wound become
clear. Full-thickness wounds are carefully evaluated
for exposed underlying structures, including
tendons, bone, joint spaces, or vascular structures.
Exposed bone is palpated to determine whether any

soft areas (denoting osteomyelitis) exist. Necrotic
tissue, soft bone, and desiccated tissue are noted and
appropriate débridement planned. Wounds on the
plantar arch typically require less durable coverage
than those on the calcaneus. These factors help one
to begin formulating a treatment plan.

Orthopedic abnormalities are noted and appro-
priate consultation obtained for defects that might
be amenable to surgery. Tendon transfers, Achilles
tendon lengthening, and joint fusions have been
shown to stabilize and rehabilitate the diabetic foot,
thereby decreasing reconstructive requirements by
providing a more stable plantar platform. Nerve
dysfunction is evaluated to look for lack of intrinsic
muscle function and documented quantitatively
with Semmes-Weinstein monofilaments to detect
plantar sensory changes. Tinel’s sign over the tarsal
tunnel may indicate nerve compression. If found,
tarsal tunnel release may improve plantar sensa-
tion. However, nerve conduction tests are not gen-
erally helpful.

Plain radiographs show the results of previous
surgery, Charcot joints, osteomyelitis and bone
destruction, occult foreign bodies, and calcification
of blood vessels. Magnetic resonance imaging is also
used to look for areas of undrained pus and to eval-
uate for osteomyelitis.

Vascular Evaluation

Wound healing requires adequate arterial inflow.
Assessment of lower extremity pulses begins in the
groin and ends at the foot, with the pulses being
graded as present, weak, or absent. If pulses are not
strong, noninvasive arterial Doppler studies with
determination of arterial pressure are in order. Dia-
betic subjects, 30% of whom have calcifications 
significant enough to impede blood pressure cuff
compression of lower extremity arteries, tend to
have sparing of the digital vessels from calcifica-
tions. Toe pressure less than 30 mm Hg indicates
ischemia. Pulse volume recordings also overcome
some of the difficulty associated with lower extrem-
ity arterial calcifications; amplitudes at the trans-
metatarsal level greater than approximately 10 mm
Hg indicate minimally adequate inflow. Biphasic or
triphasic arterial waveforms are usually consistent
with sufficient vascularity for wound healing,
whereas monophasic waveforms are associated
more with extremity ischemia.

If noninvasive testing is indicative of ischemia, an
angiogram is obtained. Angiography remains the
gold standard for vascular evaluation of the lower
extremity. Angiography provides the information
required to determine whether revascularization of
an ischemic extremity is possible and, if so, whether
angioplasty, stenting, arterial bypass grafting, or
some combination of these procedures will be
required to establish adequate inflow.

Angiograms demonstrate the availability of
inflow and outflow vessels for arterial reconstruction
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and aid in selecting the most appropriate distal arte-
rial target for microvascular anastomosis. Lower
extremity angiography is extremely helpful before
undertaking free tissue reconstruction of the lower
extremity in diabetic patients, even in the rare
patients with pedal pulses who would not otherwise
have undergone an angiogram. Magnetic resonance
angiography, although routinely used in patients
with renal insufficiency, is not as helpful in evalu-
ating donor vessels for free tissue transfer at the
ankle level as is traditional angiography.

Treatment: Nonsurgical

Medical optimization is critical to establish the most
effective immunologic and wound healing physiol-
ogy in the patient. Adequate caloric, vitamin, and
mineral intake should be ensured. Vitamin C (ascor-
bic acid) and zinc have important roles in wound
healing, as does vitamin A (retinoic acid) in patients
taking steroids.

Nutritional optimization works in tandem with
pharmacologic therapy to establish a euglycemic
state with strict control of blood glucose levels. This
goal often requires significant patient education 
in terms of nutrition, glucose-monitoring practices,
and insulin or oral diabetic medication manage-
ment. Many of the immunologic abnormalities of
diabetes have been shown to be acutely reversible
with the establishment of a euglycemic state.

Cardiac evaluation is key not only in cases in which
surgery is anticipated but also in cases in which con-
servative therapy alone is planned. Optimal cardiac
function ensures the best possible perfusion of the
lower extremity, improves lymphatic function, and
optimizes right heart pressures, thereby improving
peripheral venous return and contributing to the
management of lower extremity edema.

When surgery is planned, a thorough preopera-
tive workup is mandatory. Neuropathy can mask
chest pain, so stress testing is often indicated. The
“anginal equivalent” of classic chest pain in a dia-
betic patient might be nausea or ear pain, whereas
some patients have totally occult ischemia. When
claudication or foot wounds limit the patient’s
ability to participate in exercise stress testing,
dipyridamole thallium stress testing is performed 
to evaluate for myocardial perfusion deficits or 
ventricular wall motion abnormalities. Those with
stress testing suggestive of ischemia typically
undergo coronary angiography and are risk strati-
fied depending on the results.

As more information is obtained regarding a given
patient’s medical status, the appropriate approach to
lower extremity wound management often becomes
obvious. Although a patient may not be considered
capable of tolerating a lengthy extended limb
salvage procedure, débridement followed by subse-
quent skin grafting may be a reasonably safe 

alternative. Additionally, the greater risk of a length-
ier procedure may cause some patients to opt for the
more expeditious, hemodynamically conservative
approach of amputation. Ultimately, an open dia-
logue must exist between the patient, reconstructive
surgeon, and internist involved in the patient’s care.

Reconstructive Goals

The ultimate reconstructive goal for any patient
with a diabetic foot ulcer is to establish a healed,
viable extremity that maximizes function. The more
simply this goal can be achieved, the better. Unfor-
tunately, complex reconstructive procedures involv-
ing free tissue transfer are sometimes required
when sizable tissue loss prevents more standard
wound closure. The first priority in the care of a 
diabetic foot wound is to drain infected collections
and remove necrotic tissue. Deep space infections
typically do not elicit a large inflammatory response
in patients with ischemic tissues. Infections often
travel along tendon sheaths proximally. Soft bone
should be excised. Patients are started on a regimen
of broad-spectrum antibiotics to cover polymicrobial
and anaerobic infections. However, antibiotics are
not a substitute for surgical treatment of the dia-
betic wound or for improvement of blood flow.

Five broad categories of patients with diabetic
lower extremity wounds can be considered for free
flap surgery. The reconstructive goals and thought
processes differ, and thus each group is considered
separately. There is significant overlap among the
groups because of the multifactorial nature of dia-
betic foot ulcers.

Ischemic Extremity with Tissue Loss

These patients have the most difficult feet to assess
for tissue viability. Often, the necrosis is in a distri-
bution of either the dorsalis pedis on the dorsal
aspect of the foot or the heel and plantar surface of
the foot, the latter suggestive of disease in the pos-
terior tibial system. Tissue loss is not always at the
most distal aspect of the foot. The added factors of
pressure (affecting the heel commonly) or an abscess
causing tissue destruction may result in more prox-
imal wounds.

Patients with ischemic legs and tissue loss are
first evaluated by the vascular surgeon to determine
suitability for a bypass graft. The plastic surgeon’s
input is also appropriate at this stage because some
patients have such significant wounds that no single
free flap would adequately address all of the tissue
loss. An example is simultaneous wounds of the
Achilles tendon (a posterior free flap needed) and
the dorsal surface of the foot (an anterior free 
flap required). If one large flap is inadequate to
provide wound coverage, the foot is not considered
salvageable.
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Ischemic tissue loss of the foot is initially difficult
to gauge in terms of extent and severity. Therefore,
the best way to manage these wounds is to perform
limited débridement of necrotic tissue at the time of
the leg revascularization procedure. Delayed defini-
tive débridement and wound closure are performed
when the foot soft tissues have stabilized. A granu-
lating wound with stable edges that will not undergo
further necrosis facilitates adequate flap adherence
to the wound bed. A delay between vascular bypass
and free flap coverage has additional advantages. It
allows some patients to avoid free flap surgery if
other options such as transmetatarsal amputation
or even a simple skin graft become possible as a
result of the improvement in blood flow. Delayed flap
surgery also allows assessment of the quality of the
revascularization. Some wounds do not clinically
improve despite surgical revascularization, and the
wounds remain atrophic. For these patients, more
time must be given to respond to the augmented
inflow, the vascular team must perform a more
distal bypass jump graft, or the attempt at extended
limb salvage should be abandoned.

Pressure-Induced Tissue Loss

The approach to these patients is education and
pressure relief, not a free flap procedure. No flap can
withstand the relentless stress of the weight of the
human body in an area that has already responded
to such stress with tissue necrosis. Patients need
relief of pressure, education, properly fitting pres-
sure relief shoes, and local wound control to allow
the wounds to heal without surgical intervention
more complex than débridement. If the wound is
slow to heal and there is no ankle pulse present, the
vascular surgery team should consider a bypass even
if by absolute criteria the leg is not frankly ischemic.

Some patients demonstrate “regional ischemia.”
Despite a pulse at the ankle, some foot wounds have
ischemic features. One example is a patient with a
pressure-induced calcaneal wound and a dorsalis
pedis pulse. If the wound is slow to resolve despite
adequate local wound management, an arteriogram
should be considered to assess the status of blood
vessels near the wound. Patients with regional
ischemia may have a patent dorsalis pedis, but
absent posterior tibial circulation. Such patients
with pressure sores and regional ischemia may
benefit from free flap reconstruction if local wound
management does not succeed.

Infection-Induced Tissue Loss

These patients often have pulses, but they have 
had a necrotizing infection of such magnitude that
local wound care or standard foot amputations, or
both, are inadequate to achieve a stable foot. The
approach to these patients is to drain all collections,
débride necrotic tissue, and allow time to pass for
the inflammation and edema to resolve. If the foot
does not respond quickly and if no pulse is present
at the ankle, a bypass should be considered even if
by absolute criteria the leg is not frankly ischemic
(as in patients with pressure-induced tissue loss). If
vascular bypass results in a wound that is stable
and improving and if no other options exist, a free
flap can be considered for closure. This group tends
to have the least complicated postoperative recovery
(Fig. 1).

Tissue Loss over the Target 
Bypass Vessel

A small subset of patients have ischemic tissue 
or even frank tissue loss overlying a proposed 

A B

Figure 1 • A, Diabetic foot wound. B, Healed wound after free flap coverage.
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anastomotic site. These patients require a simulta-
neous bypass and free flap, with the free flap used
to cover the macrovascular anastomosis and, in
some cases, part of the length of the bypass graft.
Gentle handling of tissues and precision are critical
while tunneling the bypass graft because skin trau-
matized by surgery in an ischemic leg can become
necrotic and thereby result in exposure of the bypass
graft at a site distant from the newly placed free
flap. When such secondary areas of tissue loss
develop, this group of patients becomes very difficult
to treat successfully.

Ischemic Leg with Tissue Loss and 
No Target Vessel

Patients in this category have ischemic feet, but no
target vessel for a distal bypass or anastomosis. This
category of patients requires indirect revasculariza-
tion in which the interface between a newly placed
free flap and the wound bed serves to transfer blood
between the flap and the foot. The flap “footprint”
should be larger than the wound to maximize the
amount of neovascularization between the flap and
the foot. The microvascular arterial anastomosis may
require a vein graft from a more proximal site, depend-
ing on the length of the flap pedicle. The venous
outflow tract is typically the posterior tibial system.

These five aforesaid groups certainly have areas
of overlap, and the cause of wounds in many
instances is multifactorial. In each case, a decision
is made regarding whether vascular bypass is nec-
essary. If noninvasive vascular testing implies sat-
isfactory blood flow to the foot for wound healing,
the wound is observed and local wound care per-
formed. When a wound fails to progress toward
healing, an arteriogram is performed to define the
vascular anatomy and rule out cases of regional
ischemia. An ankle pulse need not be present for
successful skin grafts and local flaps. However, if a
free flap is to be performed, it is preferable that an
unambiguous pulse be present at the anastomotic
site. If the pulse is subtle, an arteriogram is required
to confirm the presence of a target vessel in the area
with in-line flow from the groin.

Treatment: Surgical

Although the chapter focuses on salvage procedures
for diabetic and ischemic lower extremities, local
flaps and skin grafts remain the first line of treat-
ment if they fulfill the goal of a stable ambulatory
platform. Their full discussion is beyond the scope
of this chapter.

Flap Selection

The choice of free flap is a matter of surgeon 
preference, defect size and shape, and patient 

characteristics. The concept of vein mismatch is
important, and in accordance with this idea, flaps
that are less likely to overload a venous drainage
system are chosen (smaller and lower-flow flaps).
The gracilis flap with a skin graft or the radial
forearm flap are often used because of their consis-
tently small vessels and relatively lower flow. For
larger defects, flaps based on the subscapular system
are useful. Vessels of the subscapular system tend to
have less wall calcification than do flaps based near
the groin, particularly in diabetic patients. Although
vessel calcification is an occasional issue with flaps
based near the groin, the vessels are usable in the
vast majority of cases. Finally, omental flaps are
reserved for indirect revascularization because of
their high percentage of blood vessels and malleable
shape. These flaps have the risks associated with an
intraabdominal procedure, including hernia, bowel
obstruction, and bowel injury.

Technique

The patient is gently hydrated the night before
surgery, and several units of blood are typed and
crossed. An epidural catheter can be helpful for post-
operative analgesia and sympathectomy, but it is
not routine.

Patient positioning is critical in facilitating
simultaneous flap harvest and microsurgery (flap
inset). When the posterior tibial system is used, the
hip is abducted and externally rotated so that the
medial aspect of the lower part of the leg provides a
horizontal surface for microsurgery. A beanbag is
useful to hold the leg in this position for the dura-
tion of the case. When the anterior tibial system is
used, the patient is tilted in the opposite direction
so that the lateral aspect of the leg is parallel with
the floor and facing superiorly. Flap selection is
based on the expected recipient vessel choice and the
anticipated intraoperative patient position. An extra
arm board placed at the end of the operating table
makes the table several inches wider, thereby facil-
itating stabilization of the surgeon’s forearms and
elbows during microsurgery.

If foot débridement is required, it is performed at
the start of the procedure to ascertain the wound
dimensions. The foot is débrided sharply and the
wound pulse-lavaged to reduce the bacterial load.
Free flap harvest is begun after débridement. Hemo-
stasis is crucial because of the need for postopera-
tive anticoagulation. The flap is not made ischemic
until the recipient vessels are fully dissected, the
vascular bypass is functional, and the microscope is
in position.

The dorsalis pedis artery is located between the
extensor hallucis and the extensor communis
tendons and underneath the extensor brevis muscle.
The distal aspect of the extensor retinaculum may
need to be divided to expose the vessel. At the level
of the base of the first metatarsal, the artery divides
with a large branch descending to communicate
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with the plantar arterial system. The optimal place,
therefore, for an arterial anastomosis is proximal to
this descending branch and distal to the main
portion of the extensor retinaculum. The venae
comitantes of the dorsalis pedis are approximately
1 mm in diameter, and the presence of multiple 
side branches makes dissection difficult. Large 2- 
to 3-mm subcutaneous veins on the dorsum of the
foot can be used for microvascular anastomoses 
if there has not been a significant amount of 
dorsal skin inflammation from infection. The dor-
salis pedis artery is useful for free flaps resurfacing
the dorsal aspect of the foot and for free flaps 
covering the metatarsals.

The posterior tibial artery is located posterior to
the medial malleolus. Arterial mobilization is facili-
tated by opening the tarsal tunnel from the distal
lower part of the leg to the level of the first toe
abductor. The posterior tibial venae comitantes are
usually of adequate caliber and quality and range in
size from 1.5 to 3 mm. The posterior tibial artery is
the easiest donor vessel to use for coverage of the
heel and the plantar surface of the foot.

Another critical component of the procedure is
selection of the flap venous outflow. Both the superfi-
cial veins and the deep venae comitantes can be used.
Good communication between the vascular and
plastic surgery teams is essential to preserve all pos-
sible outflow veins at the time of the bypass proce-
dure. The deep venous system is preferred because
the superficial veins are more easily compressed to
the point of occlusion by dressings and tight skin
closure. In patients with marginal venous outflow,
early testing of venous patency should be performed
by injecting heparinized saline into the vein. The solu-
tion should flow easily. Patients with venous hyper-
tension in the leg as evidenced by serous transudate,
persistent leg swelling, and skin trophic changes will
be difficult to treat with free flaps because of prob-
lems with venous outflow. Compression, elevation,
and local wound care should be used until the ten-
dency toward venous hypertension improves.

Diabetic arteries are frequently calcified and dif-
ficult to manipulate. Obtaining temporary arterial
occlusion to facilitate visualization during microvas-
cular anastomosis can be problematic. Macrovascu-
lar vessel-occluding instruments must occasionally
be used rather than microsurgical vessel clamps,
and thigh and lower leg tourniquets are sometimes
required. The recipient artery should be palpated to
select the softest area for the microanastomosis, and
an ellipse of arterial wall should be excised rather
than simply making an arteriotomy. On calcified
vessels, sutures should be placed from the “inside
out” to keep the intima tacked to the adventitia. The
majority of arterial anastomoses are performed in
end-to-side fashion to preserve any existing arterial
inflow to the foot. Finally, the calcified vessels are
difficult to pierce for placement of the 9–0 and 10–0
nylon sutures commonly used in microsurgery.
Prolene 8–0 sutures can be used in these situations.

In certain cases, the flap artery can be sutured to a
vein bypass graft. In these cases, the arterial anas-
tomosis is usually straightforward because the vein
graft is soft and without calcifications.

Critical maneuvers such as dissecting the recipi-
ent vessels before making the flap ischemic, having
the proper arterial occluding clamps readied, and
having the microscope draped and in position,
reduce flap ischemia times. 

Postoperative Care

Postoperative anticoagulation is decided by the clin-
ical scenario. Factors such as the difficulty of the
anastomoses, vein quality, arterial inflow, and the
tendency of the débrided foot to bleed play a role in
this decision. Typically, patients receive subcuta-
neous heparin at the start of the procedure. Ketoro-
lac is given during the microanastomosis for its
antiplatelet effect. If there are any intraoperative
thromboses and an anastomosis is revised, post-
operative heparin infusions at a relatively low dose
of 600 to 1000 U/hr are begun. 

Free flaps to the foot tend to bleed postoperatively
as a result of postoperative anticoagulation and
areas of newly débrided bone. With this in mind, flap
insets are relatively simple because it is not uncom-
mon to reelevate a flap and evacuate a small
hematoma. Penrose drains are left under the flap
because closed suction drains typically do not main-
tain their suction. In the intensive care unit, the
hematocrit is determined frequently to ensure that
patients do not become anemic as a result of con-
tinuous oozing from the foot. Flap checks are per-
formed with an implantable venous Doppler device
every 30 minutes for the first 48 hours. Legs are
kept elevated in a posterior plaster mold for 1 week
to reduce leg and foot motion and promote flap
adherence.

The patient is sent to either a wound care facility
for further leg elevation or home if sufficient family
support is available. For the first week there is no
leg dangling. For the second week, the leg is dangled
up to 15 minutes at a time, three times a day, with
an elastic bandage wrapped around the foot to
prevent swelling. If healing progresses and flap
edema is minimal, the patient can begin crutch
walking during the third postoperative week with
the use of continuous elastic bandage compression
but no weight bearing on the involved extremity.
Weight bearing is begun by 6 weeks, with full weight
bearing on the flap by the eighth postoperative week.

Pearls and Pitfalls

• Critical to the successful outcome of these pro-
cedures is a close working relationship with the
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avoided because breakdown of the donor site
can lead to a troublesome hernia. Given the
wide size spectrum between the latissimus,
gracilis, and radial forearm flaps, almost any
size foot defect can be covered.

• More thought is often given to wound coverage
than to coverage of the microanastomosis. If
the flap is used to cover the anastomosis, part
of the flap and pedicle length may be commit-
ted to an area outside the wound and thus an
even larger flap will be required than initially
anticipated. One solution is the flexor carpi
radialis/radial forearm combination free flap.
The forearm skin is used to cover the wound,
and the flexor carpi radialis can be used to
cover the more proximal microanastomosis.
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vascular surgery team. Patients should be eval-
uated by all services at the initial assessment,
at the time of the first débridement, during the
bypass procedure, and at the time of the free
flap procedure. If the limb salvage effort is
judged to be unfeasible from the perspective of
either team, the procedure is abandoned. Close
cooperation with the vascular team allows for
the most optimal placement of the distal arte-
rial bypass graft and preservation of venous
outflow.

• Adjunctive procedures are helpful at the time
of the free flap transfer. While exposing the pos-
terior tibial vessel at the ankle, tarsal tunnel
release can be performed to improve plantar
sensation. Orthopedic input is helpful to assess
for possible Achilles tendon lengthening or for
a tendon-balancing procedure.

• The proximal limit for forefoot amputations is
the base of the first metatarsal because this is
the site of insertion of the anterior tibial
tendon. Disinsertion of the tendon leads to
plantar flexion of the foot, altered foot mechan-
ics, and early breakdown of the distal-most
aspect of the stump. Therefore, when wound
closure necessitates removal of the anterior
tibial tendon, either it will need to be recon-
structed under the new flap or an amputation
will need to be performed.

• It is best to select a flap donor site that will not
be problematic if the wound breaks down. For
this reason, the rectus muscle flap is generally
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The foot is subject to more repetitive trauma than
any other part of the body. On average, an individ-
ual takes 10,000 steps a day. The foot tolerates such
trauma by possessing specialized plantar tissue that
can withstand shear stress forces. Blunt or pene-
trating trauma (or both) can cause immediate break-
down of soft tissue and bone. In addition, changes
in blood supply, sensation, immune status, and bio-
mechanics render the foot susceptible to breakdown.
An inability to salvage an injured foot usually leads
to major amputation and lifetime dependence on
prosthetic devices.

Because the foot is such a complex body part,
salvage requires a multidisciplinary approach,
ideally consisting of a vascular surgeon, a foot and
ankle surgeon, a plastic surgeon familiar with local
and microsurgical free flap techniques, an infectious
disease specialist, a podiatrist, and a pedorthetist
skilled in orthotics and assisted foot orthosis. To
address the patient’s medical comorbid conditions,
medical specialists are often consulted, such as an
endocrinologist, hematologist, rheumatologist, and
dermatologist.

For the plastic surgeon, the first task is to convert
the existing wound into a healthy wound by aggres-
sive débriding techniques and the application of
modern wound-healing techniques. Most wounds
can then be closed by simple soft tissue techniques
such as delayed primary closure, skin grafts, or 
local flaps. However, many wounds require more
sophisticated techniques that mandate intimate
knowledge of the local angiosomes, arterial blood
supply, and flap anatomy. All reconstructions must
be biomechanically sound to avoid recurrent 
breakdown.

Etiopathogenesis

Assessment of a foot and ankle wound begins with
determination of the cause: traumatic, infectious,
ischemic, neuropathic, venous, lymphatic, immuno-
logic, vasospastic, neoplastic, self-induced, or any
combination of these causes. Usually, trauma is the
precipitating event, and comorbid conditions make
it difficult for the wound to heal. The most frequent
of such conditions include diabetes, peripheral vas-
cular disease, and connective tissue disorders.

Diabetes

Five percent of all Americans have documented dia-
betes mellitus, and a foot ulcer eventually develops
in 15% of them. Almost 15% of the health care
budget of the United States is allocated to the man-
agement of diabetes, with a large segment used for
the treatment of diabetic foot ulcers, gangrene, and
Charcot foot collapse. Over half of all major ampu-
tations performed in the United States are in dia-
betic patients. A diabetic patient arriving at the
emergency department with an ulcer faces a 24%
risk of immediate major amputation. There is an
eightfold variation in whether the patient undergoes
immediate major leg amputation or a salvage
attempt. The variability depends on a physician’s
approach to limb salvage and on the location and
type of hospital. With a team approach, more than
97% of diabetic limbs can be salvaged. Salvage not
only allows the patient to maintain quality of life but
it is also far less expensive for the health care
system than a major amputation.

Foot and Ankle 
Reconstruction

JAMES BOEHMLER IV
CHRISTOPHER ATTINGER
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Peripheral polyneuropathy is the major cause of
diabetic foot wounds. More than 80% of diabetic foot
ulcers have some form of neuropathy, usually a con-
sequence of vascular and metabolic abnormalities
caused by chronically elevated blood sugar. Elevated
intraneural concentrations of sorbitol, a glucose
byproduct that is considered one of the principal
mechanisms for nerve damage, cause the nerve to
swell, with further damage resulting in anatomi-
cally tight spaces such as the tarsal tunnel. The
combination of nerve swelling and a tight anatomic
compartment leads to the “double-crush syndrome,”
which can be partially reversed by nerve release
surgery. Unregulated glucose levels elevate
advanced glycosylated end product levels, which
may induce microvascular injury by cross-linking
collagen molecules. Decreased insulin levels, along
with altered levels of other neurotrophic peptides,
may decrease maintenance or repair of nerve fibers.
Other potential causative factors of peripheral
polyneuropathy include altered fat metabolism,
oxidative stress, and altered levels of vasoactive
substances such as nitric oxide.

It is not completely understood why distal auto-
nomic and sensory neurons are preferentially tar-
geted in diabetic peripheral polyneuropathy. The
decrease in protective sensation prevents patients
from responding appropriately to minor trauma.
Such decreased sensation can be quickly assessed by
testing whether the patient can feel 10 g of pressure
applied to the foot with a 5.07 Semmes-Weinstein
filament. An inability to feel the filament indicates
that the patient has lost protective sensation and is
at high risk for future foot breakdown. Autonomic
neuropathy has two effects: anhidrosis and opening
of arteriovenous shunts. Anhidrosis leads to crack-
ing of the skin and provides points of entry for bac-
teria. Opening of arteriovenous shunts enables the
blood to partially bypass the higher-resistance skin
capillary system and thereby decreases blood flow to
the skin. Motor neuropathy also occurs and most
often affects the intrinsic muscles of the foot by
causing loss of plantar flexion of the toes at the
metatarsophalangeal level. The toe extensors then
overpower the toe flexors, and a hammer toe forma-
tion develops. This condition creates an additional
retrograde downward force on the metatarsal heads.
The combination of loss of toe flexion and increased
downward pressure on the metatarsal head during
gait renders the insensate soft tissue under the
metatarsal heads more vulnerable to breakdown.

Diabetes also affects joints and tendons, as in the
Achilles tendon where advanced glycosylated end
products cross-link the collagen molecules of the
tendon so that it loses its elasticity and eventually
shortens. The patient loses the ability to dorsiflex
the ankle normally, and strain is placed on the apex
of the skeletal arch of the foot at Lisfranc’s joint, as
well as on the metatarsal heads during gait. The
former is thought to contribute to the Charcot col-
lapse of the midfoot that occurs in 1 in 800 diabetic

patients with devastating sequelae, including even-
tual major amputation. An inability to dorsiflex the
ankle means that the metatarsal heads experience
increased pressure for a longer portion of the gait
cycle. The risk for soft tissue ulceration can be very
high when the increased pressure is considered in
association with the estimated 10,000 daily steps 
on feet suffering from motor and sensorimotor 
neuropathy. Lengthening the Achilles tendon may
relieve the excess pressure on the plantar surface of
the forefoot during gait and allow healing within 5
weeks and a reduction in the ulcer recurrence rate
from 25% to 3%.

Diabetic patients have a depressed immune
response and hence have increased susceptibility 
to infection. High blood glucose levels diminish 
the ability of polymorphonuclear leukocytes,
macrophages, and lymphocytes to destroy bacteria.
In addition, the ability to coat bacteria with antibi-
otics is diminished, which further shields bacteria
from phagocytosis. As a result of the depressed
immune state, diabetic patients are especially prone
to Streptococcus and Staphylococcus skin infections.
Deeper infections tend to be polymicrobial, with
gram-positive cocci, gram-negative rods, and anaer-
obes frequently being present on culture.

Up to 60% of diabetic patients with nonhealing
ulcers have concurrent macrovascular disease, with
the arteries below the popliteal trifurcation most
commonly being involved and the smaller arteries of
the foot and ankle often spared. For this reason,
distal bypass in a diabetic patient is frequently 
possible. Noninvasive arterial studies and especially
ankle-brachial indices are misleading in diabetic
patients because vascular calcification decreases 
the compressibility of vessels. Therefore, digital toe
pressures greater than 30 mm Hg or tissue oxygen
levels (TCO2 ) higher than 40 mm Hg are considered
more reliable indicators of the quality of blood flow.

Peripheral Vascular Disease

Atherosclerotic disease is a common cause of non-
healing foot ulcers, especially when combined with
diabetes. Hypercholesterolemia, hypertension, and
tobacco use are major risk factors for atherosclero-
sis. Other causes of ischemia in the foot include
thromboangiitis obliterans (Buerger’s disease, 
generally seen in young smokers), vasculitis, and
thromboembolic disease.

Noninvasive arterial testing should be performed
with a hand-held Doppler device over the posterior
tibial artery, the dorsalis pedis artery, and the ante-
rior perforating branch of the peroneal artery. If the
signal obtained is only monophasic, the patient
should be evaluated by a vascular surgeon.

Connective Tissue Disorders

Connective tissue disorders (systemic lupus erythe-
matosus, rheumatoid arthritis, and scleroderma)
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are frequently associated with Raynaud’s disease, 
a condition characterized by distal vasospasm and
cutaneous ischemia. Treatment frequently requires
immunosuppressive drugs such as steroids or
chemotherapeutic agents, which can further inhibit
healing. The anti–wound-healing effects of steroids
can be partially reversed with oral and topical
vitamin A. In addition, almost half of vasculitis
patients have a coagulopathy that leads to a hyper-
coagulable state. Therefore, a coagulation blood
panel should be obtained on these patients, and if
abnormalities exist, they should be treated with
anticoagulants by the hematologist. Treatment of
these ulcers is usually medical. Once the abnormal-
ities have been identified and corrected, wound-
healing adjuncts can help in healing the wound.

Anatomy

Vascular Anatomy

The foot and ankle consist of six angiosomes, or com-
posites of tissue supplied by a given source (named)
artery. Neighboring angiosomes are connected to
one another by “choke” arteries, which can open
when there is sufficient pressure difference between
two angiosomes. An artery feeding one angiosome
can support an adjacent angiosome via choke
vessels. For a source artery to support angiosomes
beyond the immediately adjacent angiosome, surgi-
cal delay techniques must be applied.

The following source arteries feed the angiosomes
of the foot and ankle: the distal anterior tibial artery
supplies the anterior aspect of the ankle, and its 
continuation, the dorsalis pedis artery, supplies the
dorsum of the foot; the calcaneal branch of the pos-
terior tibial artery supplies the medial and plantar
aspect of the heel; the calcaneal branch of the 
peroneal artery supplies the lateral and plantar
region of the heel; the anterior perforating branch
of the peroneal artery feeds the anterolateral aspect
of the ankle; the medial plantar artery feeds the
plantar instep; and the lateral plantar artery feeds
the lateral midfoot and forefoot region (Fig. 1). Note
that the plantar aspect of the heel enjoys a dual
blood supply from both the calcaneal branches of the
posterior tibial and peroneal arteries. When gan-
grene at the heel is present, one has to suspect
severe vascular disease, probably involving both
arteries.

Because the foot is an end-organ, there are many
arterial-arterial anastomoses that allow a duplica-
tion of inflow to the main source arteries of the foot.
The arterial-arterial anastomoses provide a margin
of safety if one of the main arteries should occlude.
At the ankle, the anterior perforating branch of the
peroneal artery is connected to the anterior tibial
artery via the lateral malleolar artery. At Lisfranc’s
joint, the dorsalis pedis artery courses into the first

interspace to connect directly with the lateral
plantar artery. This arch is critical in determining
the direction of flow within the anterior or posterior
tibial arteries because it can be antegrade, retro-
grade, or both. In addition, the plantar and dorsal
metatarsal arteries are linked to one another at Lis-
franc’s joint by proximal perforators and at the web
space by distal perforators. The posterior tibial and
peroneal arteries are directly connected underneath
the distal Achilles tendon by one to three connect-
ing arteries. By using Doppler and selective occlu-
sion, one can determine the patency of the
connections, as well as the direction of flow—critical
information in planning the harvest of local and
pedicled flaps or amputations.

Motor and Sensory Anatomy

The tibial nerve travels in the deep posterior 
compartment, innervates muscles of the deep and
superficial posterior compartments (except the 
gastrocnemius muscle), and divides into the medial
plantar and lateral plantar nerves. These nerves
supply the motor branches to the intrinsic muscles
of the foot (except the extensor digitorum brevis
muscle). The common peroneal nerve passes around
the lateral aspect of the fibular head before splitting
into the superficial and deep branches. The deep
peroneal nerve innervates the extensor muscles in
the anterior compartment before it exits the exten-
sor retinaculum to innervate the extensor digitorum
brevis muscle. The superficial peroneal branch
innervates the everting muscles of the lateral com-
partment before it exits to provide sensation to 
the lateral lower aspect of the leg and dorsum of 
the foot.

The sensory nerves to the foot and ankle travel
more superficially than the motor nerves do, and
their degree of function is a useful index for localiz-
ing trauma in the lower extremity and assessing
possible high intracompartmental pressure. The
lateral aspect of the ankle and foot is supplied by
the sural nerve (L5, S1) and the lower anterior
aspect of the leg and dorsum of the foot by the 
superficial peroneal nerve (L4, L5, S1). The deep
peroneal nerve (L4, L5, S1) supplies only the first
web space. The posterior tibial nerve supplies the
sole of the foot via its three branches: the calcaneal
branch (S1, S2) supplies the plantar aspect of the
heel pad, the lateral plantar nerve (S1, S2) supplies
the lateral two thirds of the sole and lateral 11/2 toes,
and the medial plantar nerve (L4, L5) supplies the
medial third of the sole and the medial 31/2 toes.

Diagnostic Studies

Evaluation of a patient with a foot wound or ulcer
begins with a complete history and physical exami-
nation. Important points in the history include the
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cause, duration, and previous treatment of the
wound or wounds; comorbid conditions; current
medications; allergies; and nutritional status. A
complete physical examination starts with careful
wound measurement (length, width, and depth) and
assessment of the types of tissue involved (epithe-
lium, dermis, subcutaneous tissue, fascia, tendon,
joint capsule, bone, or any combination of these
tissues). Touching bone with a metal probe corre-
lates 85% of the time with the existence of
osteomyelitis. Diabetic ulcers with an area greater
than 2 cm2 have a 90% chance of underlying

osteomyelitis regardless of whether bone is probed.
The level of tissue necrosis and possible avenues of
spread of infection via flexor or extensor tendons are
also determined. If cellulitis is present, the border
of the cellulitis is delineated with a marker and the
date and time are noted. This approach permits 
the clinician, without the benefit of culture results,
to monitor the progress of the initial treatment.

The vascular supply to the foot is examined. If
pulses are palpable (dorsalis pedis or posterior tibial
artery), the blood supply to the foot is usually suffi-
cient. If one cannot palpate pulses, Doppler should

A

B C

Dorsalis pedis
artery

Dorsalis
pedis artery

Calcaneal branch of
posterior tibial artery

Calcaneal branch of
posterior tibial artery

Medial plantar artery

Medial plantar
artery

Lateral plantar artery

Lateral plantar
artery

Peroneal
artery

Peroneal
artery

Figure 1 • The angiosomes of the foot and ankle include (A) the anterior aspect of the ankle supplied by the anterior tibial artery and
the dorsum of the foot supplied by the dorsalis pedis artery; (B) the medial and plantar aspects of the heel fed by the calcaneal branch
of the posterior tibial artery, the plantar instep supplied by the medial plantar artery, and the lateral plantar midfoot and plantar fore-
foot supplied by the lateral plantar artery; and (C) the anterolateral aspect of the ankle supplied by the anterior perforating branch of
the peroneal artery and the lateral and plantar aspect of the heel supplied by the calcaneal branch of the peroneal artery.
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also be used to evaluate the anterior perforating
branch and the calcaneal branch of the peroneal
artery. This will help to determine the direction of
flow in arteries that are important in flap design or
amputation. A triphasic Doppler signal indicates
excellent blood flow, a biphasic sound indicates ade-
quate blood flow, and a monophasic sound warrants
further investigation by a vascular surgeon. A
monophasic tone does not necessarily reflect inade-
quate blood flow because it can be a result of lack of
vessel tone and absent distal resistance. However, if
only a monophasic signal is detected, the patient
should be referred for formal vascular testing.

Sensory examination is performed with a 5.07
Semmes-Weinstein filament, which represents 10 g
of pressure. If the patient cannot feel the filament,
protective sensation is diminished with an increased
risk of breakdown. Motor function is assessed by
looking at the resting position of the foot and the
strength and range of motion of the ankle, foot, and
toes.

The bone is evaluated by determining whether
the arch is stable, collapsed, or disjointed. A bony
prominence can occur with collapsed midfoot bones
(the cuboid in Charcot collapse), osteophyte forma-
tion, or abnormal biomechanical forces (hallux
valgus, hammer toe, etc.) The Achilles tendon
should also be evaluated. If the ankle cannot be dor-
siflexed 10 to 15 degrees above neutral, the Achilles
tendon is foreshortened and needs to be addressed
because both the arch and plantar aspect of the fore-
foot are facing excessive pressure that could lead to
Charcot collapse or forefoot plantar ulceration.

A radiograph of the foot is critical in further eval-
uating the foot. Lateral views of the foot should 
be weight bearing. Calcaneal, sesamoid, and
metatarsal head views are used to examine these
areas carefully. Radiographs permit evaluation of
abnormal bone architecture, osteomyelitis, Charcot
collapse, previous surgery, the presence of a foreign
body, and other problems. The radiographic appear-
ance of osteomyelitis lags behind the clinical appear-
ance by up to 3 weeks. Magnetic resonance imaging
can provide earlier detection of osteomyelitis and
differentiation between osteomyelitis and Charcot
collapse.

Reconstructive Goals

The goals of reconstruction are to maintain existing
function and restore as much missing function as
possible. If the wound is acute, attempts are made
to restore normal anatomy as best as possible. If the
wound is chronic, it must first be converted to an
acute wound before it can heal in timely fashion.
Both approaches include restoration of adequate
blood supply, stabilization of the bony skeleton,
rebalancing of the foot and ankle muscles, and
finally, coverage of the wound with soft tissue.

Treatment

Reconstruction is guided by the principle that cov-
erage of a wound should be accomplished as quickly
as possible. After the wound is under control, the
reconstructive ladder encompasses the following
options: (1) allowing the soft tissue defect to heal by
secondary intention, (2) closing the wound primar-
ily, (3) applying a split- or full-thickness skin graft,
(4) rotating or advancing a local random-pattern
flap, (5) transferring a pedicled flap, and (6) apply-
ing a microvascular free flap. Useful guidelines
suggest simple coverage if there is no tendon, joint,
or bone involved. For more complex wounds with
involvement of these structures, flaps (local, pedi-
cled, or free) are usually necessary. The exception is
that wounds over the Achilles tendon tolerate skin
grafts if adequate granulation tissue first develops.
Creative amputations that preserve length are often
the most rapid way of obtaining adequate soft tissue
with minimal sacrifice of function. With these crite-
ria, more than 90% of all wounds can usually be
closed by simple techniques and less than 10%
require flap coverage.

Presurgical Treatment

The goal of treating any type of wound is to promote
healing in timely fashion. The first step is to estab-
lish a clean and healthy wound base. An acute
wound is defined as a recent wound that has yet to
progress through the sequential stages of wound
healing. If the wound is adequately vascularized, a
clean base can be established with simple débride-
ment and either immediate closure or coverage of
the wound with a negative-pressure closure device
(the vacuum-assisted closure [VAC] device) for sub-
sequent closure. A chronic wound is a wound that is
arrested in one of the wound-healing stages (usually
the inflammatory stage). Converting a chronic
wound to an acute one requires correcting medical
abnormalities (elevated blood sugar levels, coagula-
tion abnormalities, or improper drug regimens),
restoring adequate blood flow, administering antibi-
otics if any infection is present, and débriding the
wound aggressively. If the wound has responded to
this type of therapy, healthy granulation tissue
should appear, edema should decrease, and neo-
epithelialization should appear at the wound’s edge.
The VAC device is a useful postdébridement dress-
ing for an uninfected, well-vascularized wound
because it will help to keep the wound sterile while
promoting the formation of granulation tissue (Fig.
2). Healing should be characterized by a 10% to 15%
decrease in wound area per week. If healthy granu-
lation and neo-epithelialization are slow to appear,
topical growth factors, cultured skin, or hyperbaric
oxygen (or any combination) can be considered.

A useful approach to surgical débridement is to
view a wound or ulcer as a tumor; the goal is to
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excise the wound to normal tissue margins. While
performing adequate débridement, it is imperative
to use atraumatic surgical technique to avoid dam-
aging the surrounding healthy tissue that will serve
as the subsequent base for normal healing. Special
care, however, should be taken to preserve func-
tional and exposed neurovascular bundles. Skeletal
instability can generally be restored by the applica-
tion of an external fixator. Deep uncontaminated
tissue should be obtained for culture to guide sub-
sequent antibiotic therapy. Concern about how to
repair the soft tissue defect after débridement
should not limit the extent of débridement. Débride-
ment is the single most underperformed stage in
treating foot and ankle wounds. For wounds that
may still harbor significant bacteria, an appropriate
topical antibiotic, a silver ion sheet, or antibiotic-
impregnated methylmethacrylate beads covered
with an occlusive dressing are effective dressings.

For wounds that are clean and well vascularized, a
moist dressing or VAC is preferred. Débridement
should be rescheduled as frequently as neces-
sary if there is progressive tissue necrosis or
destruction.

Biologic débriding agents such as maggots (larvae
of the green blowfly, Phaenicia sericata) are cur-
rently being reintroduced and are useful in very ill
patients or those waiting for revascularization. They
digest only necrotic tissue and bacteria by secreting
enzymes that dissolve the necrotic tissue and biofilm
that surrounds bacteria. Thirty larvae consume 1 g
of necrotic tissue per day. The maggots are placed
on the wound, covered with an air-permeable occlu-
sive dressing, and replaced every 2 to 3 days. The
maggots painlessly débride the wounds because
they digest only necrotic tissue. Because maggots
consume all bacteria, they sterilize wounds contam-
inated with antibiotic-resistant bacteria.

A B

C D

Figure 2 • A vacuum-assisted closure device is applied to a freshly débrided wound (A). A sponge is shaped to fit the dimen-
sions of the wound and placed on it (B). It is covered with an occlusive adherent sheet in which a small hole is made. Tubing is
placed over the hole (C) and attached to a portable suction machine (D). Up to 125 mm Hg of subatmospheric pressure can be
applied in either intermittent or continuous fashion.
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After débridement to clean tissue, it is important
to prevent a buildup of metalloproteinases, which
destroy naturally produced growth factors. The
biofilm of proteinaceous débris that forms on the
wound must be removed at regular intervals by
scrubbing the wound daily or by using wet-to-dry
dressings. The latter, however, also remove healthy
new tissue. VAC, by applying negative pressure to
the surface of the wound, prevents the buildup of
proteases and bacteria that inhibit or break down
growth factors. VAC additionally decreases peri-
wound edema and increases local blood flow by rapid
formation of well-vascularized granulation tissue.
This, in turn, leads to rapid wound shrinkage and
changes the reconstructive options from complex to
simple closure. VAC also allows the surgeon to plan
the timing of reconstruction without compromising
the wound. VAC should be avoided in ischemic
wounds because progressive necrosis can ensue.

An alternative to scrubbing, wet-to-dry dressing,
or VAC is placement of skin equivalents on the
freshly débrided, well-vascularized wound.
Xenograft or cadaver skin provides an excellent bio-
logic dressing that promotes wound healing. It
should be used only if the wound base is relatively
infection free (<105 bacteria per gram of tissue). If
the underlying wound bed revascularizes the graft
over the next 4 to 5 days, it is then ready to accept
an autogenous skin graft.

If the wound fails to show signs of healing despite
being clean and having adequate blood flow, it can
often be converted to a healing wound by providing
local wound-healing factors. One can apply either
platelet-derived growth factor (Regranex [becapler-
min]) daily to the wound or place a sheet of cultured
skin that produces the entire range of growth factors
every 1 to 6 weeks (Apligraf, Dermagraft). Systemic
hyperbaric oxygen can also be used to convert a non-
healing wound to a healthy wound. It stimulates
local angiogenesis at the wound bed, promotes the
formation of collagen, and potentiates the ability of
macrophages and granulocytes to kill bacteria.
When healthy granulation tissue appears, the
wound can be skin grafted.

Surgical Reconstruction

After a clean and well-vascularized wound bed has
been achieved, the simplest method to preserve a
stable and functional foot should be selected. Bio-
mechanics is a critical part of the reconstructive
plan that involves bone rearrangement, partial 
joint removal/fusion, or tendon lengthening/trans-
fer. The method of soft tissue reconstruction 
selected usually hinges on whether there is exposed
viable tendon, joint, or bone (or any combination 
of these structures), as well as the type of access to
the wound that is available (e.g., an Ilizarov frame
limits access to the foot). If the wound cannot be
closed primarily, the presence of exposed tendon,
joint, or bone usually dictates flap coverage. Excep-

tions exist because of new healing strategies, includ-
ing VAC or the application of a collagen framework
such as Integra, followed by subsequent skin 
graft. The rest of the wound can usually be allowed
to heal by secondary intention or application of a
skin graft.

Wounds can be allowed to heal by secondary
intention by daily changing of dressings, application
of VAC, correction of the biomechanical abnormality,
or any combination of these measures. A tight
Achilles tendon is the principal cause of forefoot
plantar ulceration in diabetic patients. By length-
ening the tendon, the plantar wound heals without
additional treatment over the next 5 weeks. Cor-
recting the collapsed arch of a Charcot midfoot 
by reconstructing the arch and re-fusing the
metatarsals to the hindfoot usually allows for loose
approximation of the plantar soft tissue.

Delayed primary closure is easier to accomplish
when the edema and induration of the wound edges
have resolved. VAC can be helpful in this situation.
After primary closure, one should always check that
relevant pulses have not diminished because the
closure was too tight. Delayed primary closure can
be assisted by applying soft tissue–approximating
clamps such as Proxiderm to both edges. Such
clamps exert gentle, continuous pressure that
approximates the edges over time and should be
used only if there is a narrow defect. An adequate
soft tissue envelope can also be created by removing
bone or by converting a large wound to a partial foot
amputation and then using the resultant soft tissue
envelope for closure.

Skin grafting can be used to close most foot and
ankle wounds. A healthy granulating bed is a 
necessary prerequisite and can be achieved by the
following methods: VAC, cultured skin, growth
factors, or hyperbaric oxygen. In addition, a healthy
granulation tissue base can be built up over inhos-
pitable wounds (e.g., bone) by applying a collagen
lattice framework such as Integra and waiting for it
to revascularize (Fig. 3). The skin graft is meshed to
prevent buildup of seroma or hematoma, which
could prevent graft revascularization. The use of
VAC on low continuous suction as a temporary
dressing for the first 3 to 5 postoperative days
ensures the highest possible skin graft revascular-
ization rate. It absorbs all excess fluid and keeps the
wound relatively sterile. If the skin graft is placed
over a moving muscle or joint, there is a risk of dis-
ruption by shear forces. In this instance, it is criti-
cal to immobilize the foot and ankle by splinting or
placement of an external fixator until the skin graft
has completely healed.

The ideal skin donor site for a plantar wound is
the plantar instep. This glabrous skin graft holds up
much better under the shear forces applied to the
plantar surface of the foot during ambulation. It
should be harvested at 30/1000th of an inch,
meshed, and sutured with a bolster or covered with
a VAC dressing. For plantar wounds in which the
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Figure 3 • A patient with gangrene of the entire lower part of the leg and exposed tibia requiring serial débridement (A). Integra
was meshed, placed over the entire wound, and covered with a vacuum-assisted closure dressing. After 3 weeks, the collagen
framework was revascularized and could be successfully skin grafted (B). The wound healed without problems (C).

patient is noncompliant either by choice or because
of body habitus, consideration should be given to
protecting the skin graft by placing an Ilizarov
frame with a footplate until the graft has healed.

The use of any flap requires an accurate assess-
ment of blood flow. For local flaps, there should be
Doppler evidence of a perforator close to the base of
the flap. For pedicled flaps, the dominant branch to
the flap should be patent. For microvascular free
flaps, there should be an adequate recipient artery
and vein or veins. If any question arises, an angio-

gram, duplex scan, or magnetic resonance angio-
gram should be obtained.

Local flaps are useful for coverage of foot and
ankle wounds because they can be designed in a
small dimension to cover the exposed tendon, bone,
or joint while the rest of the wound is skin grafted.
Such flaps frequently obviate the need for larger
pedicled or free flaps. In addition, a local flap is a
useful mode of reconstruction when closing a wound
around or through an Ilizarov external fixator. For
plantar wounds, local flaps are helpful because the
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wounds are resurfaced with healthy plantar tissue
rather than by secondary intention with the atten-
dant thick scar that later becomes a source of recur-
rent callus formation.

Knowledge of the various pedicled flaps in the foot
and ankle area is critical for closing wounds that
cannot be closed by simpler methods. These flaps are
often more difficult to dissect and have a higher com-
plication rate than a free flap. Harvesting a pedicled
flap often leaves a donor deficit on the foot and ankle
that has to be skin grafted. However, pedicled flaps
allow a rapid operation with a shorter hospital stay
and long-lasting satisfactory results.

The most useful muscle flaps in the foot and ankle
include the abductor hallucis, abductor digiti
minimi, flexor digitorum brevis, extensor digitorum
brevis, reverse extensor hallucis longus, reverse
extensor digitorum longus, and reverse anterior
tibial muscle flap (provided that the ankle is fused).

The most useful skin or fasciocutaneous flaps in
the foot and ankle include the supramalleolar flap,
medial plantar flap, lateral calcaneal flap, reverse
anterior tibial artery flap, reverse peroneal artery
flap, and sural artery flap. When using reverse flaps
based on the anterior tibial or peroneal artery, it is
important that all other vessels be intact and the
distal arterial-arterial connections be patent to
prevent ischemia or tissue necrosis. The dissections
are often tedious and difficult, and the distal reach
of the flap often provides insufficient tissue. It is
very important to understand the size limitations of
each flap.

MICROVASCULAR FREE FLAP. Microvascular free
flaps in the foot and ankle carry the highest failure
rate in the microsurgical literature and should be
planned carefully. One of the reasons for the high
failure rate is that complications arise when the
anastomosis is performed at or near the zone of
injury. In addition, the arteries are often calcified
and special hardened microneedles are required.
The anastomoses should be performed away from
the zone of injury, either proximal or distal to the
zone of injury, provided that the neurovascular
bundle is intact. An end-to-side anastomosis to the
recipient artery should be performed whenever pos-
sible. Two veins should be used if possible to mini-
mize postoperative swelling.

The choice of which free flap to use depends, in
large part, on the length of pedicle needed. For long
pedicles, the serratus, latissimus, vastus lateralis,
or rectus femoris muscles are excellent choices. It is
important to remember that a longer pedicle can be
obtained when the pedicle dissection is extended
into the muscle belly. For the dorsum of the foot and
the ankle, thin fasciocutaneous or cutaneous flaps
work best. For the plantar surface of the foot, muscle
flaps covered by a skin graft hold up better over the
long run.

FOREFOOT COVERAGE. Toe ulcers and gangrene are
best treated by limited amputations that preserve

viable tissue for wound closure. Attempts to pre-
serve at least the proximal portion of the proximal
phalanx should be made so that it can serve as a toe
filler and prevent the toes on either side from drift-
ing into the empty space. If the hallux is involved,
an attempt should be made to preserve as much of
the toe as possible because of its critical role in
ambulation. A toe island flap from the second toe is
an excellent technique for filling a defect on the hallux
without having to resort to surgical shortening.

Ulcers under the metatarsal head or heads occur
because biomechanical abnormalities place exces-
sive pressure on the plantar surface of the forefoot
during the gait cycle. Although hammer toes can be
contributing factors, the abnormal biomechanical
forces are usually due to a tight Achilles tendon that
prevents ankle dorsiflexion beyond the neutral posi-
tion. If the patient can dorsiflex the foot only when
the knee is flexed, the gastrocnemius portion of the
Achilles tendon is tight. Simple gastrocnemius
recession should correct the problem. If the patient
cannot dorsiflex the foot with the knee flexed or
extended, both the gastrocnemius and soleus por-
tions of the tendon are tight. In addition, the poste-
rior capsule of the ankle joint may be tight.
Percutaneous release of the Achilles tendon is per-
formed, and if the foot still does not dorsiflex, pos-
terior capsular release is performed. The patient is
kept non–weight bearing for 1 week and in a cam
walker for an additional 5 weeks. Complications
associated with gastrocnemius recession include
hematomas from premature tears in the soleus
muscle. Overly aggressive release can lead to a cal-
caneal gait and, eventually, plantar heel ulcers,
which are extremely difficult to heal. Tightening of
the Achilles tendon or ankle fusion may be required.
With release of the Achilles tendon, forefoot pres-
sure drops dramatically, and the ulcers, if they do
not involve bone, heal simply by secondary intention
in less than 6 weeks. Lengthening of a tight Achilles
tendon has decreased the ulcer recurrence rate in
diabetic patients from 25% to 3%.

If the Achilles tendon allows for normal dorsi-
flexion, small ulcers under a metatarsophalangeal
joint without bone involvement can be treated by
simply elevating the metatarsal head with pre-
planned osteotomies and internal fixation. The
metatarsal head is thus shifted 2 to 3 mm superi-
orly. Upward movement with attendant pressure
relief is usually sufficient for the underlying ulcer to
heal by secondary intention. There should not be
any transfer lesions to the other metatarsal heads
because the anatomic metatarsal head parabola is
preserved. However, if the metatarsal head has evi-
dence of osteomyelitis, it should be resected. The
ulcer should heal by secondary intention if all
weight is kept off the foot while it heals.

Small deep forefoot ulcers without an obvious
bony prominence can also be closed with a local flap:
filleted toe, toe island, bilobed, rotation, Limberg, or
V-Y flap.
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For larger ulcers in which the metatarsal head
has been resected, consideration should be given to
ray amputation. Resecting the more independent
first or fifth metatarsal causes less biomechanical
disruption than does resection of the second, third,
or fourth metatarsal because the middle
metatarsals tend to operate as a single unit.

All effort should be made to preserve as much of
the metatarsals as possible if more than one is
exposed because they are so important to normal
ambulation. Local tissue is often insufficient for this
purpose in the forefoot, and therefore a microvascu-
lar free flap should be considered. If ulcers are
present under several metatarsal heads or if a
transfer lesion from one of the resected metatarsal
heads to a neighboring metatarsal has occurred,
consideration should be given to panmetatarsal
head resection. This technique is performed with
two or three dorsal incisions, and care is taken to
preserve the proportional lengths of each metatarsal
so that the normal distal metatarsal parabola is pre-
served. Removing the metatarsal heads while
leaving the toe flexors and extensors intact prevents
the inevitable equinovarus deformity that accompa-
nies loss of the distal extensors.

If more than two toes and the accompanying
metatarsal heads have to be resected, a trans-
metatarsal amputation should be performed. The
normal parabola with the second metatarsal being
the longest is preserved. All bone cuts should be
made so that the plantar aspect of the cut is shorter
than the dorsal one. If the extensor and flexor
tendons of the fourth and fifth toes are intact, they
should undergo tenodesis with the ankle in neutral
position. This maneuver prevents the equinovarus
deformity that can result from the loss of extensor
forces, which usually leads to breakdown under the
distal fifth metatarsal. If the Achilles tendon is
tight, it should be released. As much plantar tissue
as possible should be preserved so that the anterior
portion of the amputation consists of healthy
plantar tissue. When medial and lateral defects are
present, the plantar flap should be rotated to cover
the entire forefoot.

The most proximal forefoot amputation is the 
Lisfranc amputation, in which all of the metatarsals
are removed. To prevent an equinovarus deformity,
the anterior tibial tendon should be split and its
lateral aspect inserted into the cuboid bone. In 
addition, the Achilles tendon should be lengthened.
The Lisfranc amputation can be closed with volar or
dorsal flaps if sufficient tissue is available. If there
is not adequate tissue for coverage, a microvascular
free muscle flap with a skin graft should be used.

MIDFOOT COVERAGE. Defects on the medial
aspect of the sole are non–weight bearing and are
best treated with a skin graft. Ulcers on the medial
and lateral plantar aspect of the midfoot are usually
due to Charcot collapse of the midfoot plantar arch.
If the underlying shattered bone has healed and is

stable (Eichenholtz stage 3), the excess bone can be
shaved via a medial or lateral approach and the
ulcer can either be allowed to heal by secondary
intention or be covered with a glabrous skin graft or
a local flap. For small defects, useful local flaps
include the V-Y, bilobed, rhomboid, or transposition
flap. If a muscle flap is needed, a pedicled abductor
hallucis flap medially or an abductor digiti minimi
flap laterally works well. For slightly larger defects,
medially based random-pattern rotation flaps or a
pedicled medial plantar fasciocutaneous flap can be
successful. Larger defects should be filled with
microvascular free muscle flaps covered by skin
grafts. If the midfoot bones are unstable (Eichen-
holtz stage 1 or 2), they can be excised via wedge
excision to allow recreation of the arch by fusing the
proximal metatarsals to the talus and calcaneus via
an Ilizarov frame. Shortening of the skeletal midfoot
usually leaves sufficient loose soft tissue to close the
wound with a local flap.

HINDFOOT COVERAGE. Plantar heel defects or
ulcers are among the most difficult of all wounds. If
they are the result of the patient being in a pro-
longed decubitus position, they may also be a reflec-
tion of severe vascular disease. Partial calcanectomy
may be required to develop an adequate local soft
tissue envelope to cover the resulting defect.
Although patients can ambulate with a partially
resected calcaneus, they will require orthotics and
possibly molded shoes. If there is an underlying col-
lapsed bone or bone spur causing a hindfoot defect,
the bone should be shaved down. These ulcers are
usually closed with double V-Y flaps or larger medi-
ally based rotation flaps. Plantar heel defects can
also be resurfaced with pedicled flaps, such as the
medial plantar fasciocutaneous flap or the flexor
digiti minimi muscle flap.

Posterior heel defects are better closed with an
extended lateral calcaneal fasciocutaneous flap or a
retrograde sural artery fasciocutaneous flap. If the
defect is large, a muscle microvascular free flap with
skin graft should be used. The flap should be care-
fully tailored so that there is no excess tissue and it
blends well with the remainder of the heel.

Medial or lateral calcaneal defects usually occur
after fracture and attempted repair. There is asso-
ciated osteomyelitis of the calcaneus. After débride-
ment of the infected bone and placement of
antibiotic beads, the medial defect can generally be
covered with an abductor hallucis muscle flap medi-
ally or an abductor digiti minimi flap laterally. The
exposed muscle is skin grafted. After 6 or more
weeks, the beads can be replaced with an autog-
enous bone graft.

The two hindfoot amputations are Chopart’s and
Syme’s amputations. Chopart’s amputation leaves
an intact talus and calcaneus while removing the
midfoot and forefoot bones of the foot. To avoid an
equinovarus deformity, a minimum of 2 cm of the
Achilles tendon is resected. A calcaneal-tibial inter-
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medullary rod can occasionally be used to stabilize
the amputation. Syme’s amputation should be con-
sidered if the available tissue is insufficient to close
Chopart’s amputation primarily and the arterial
blood supply is insufficient for a microvascular free
flap or the talus and calcaneus are involved with
osteomyelitis. The tibia and fibula are divided above
the ankle mortise and the deboned heel pad trans-
ferred anteriorly. The heel pad has to be anchored
to the anterior portion of the distal end of the tibia
to prevent posterior migration. The amputation can
be difficult to shape because large dog-ears occur
when the heel pad is brought anteriorly. The result-
ing dog-ears contain part of the blood supply to the
heel and cannot be easily removed. They can be care-
fully trimmed at the initial operation or 4 to 6 weeks
later to allow for alternative blood flow patterns to
be established. The ultimate goal is a thin, tailored
stump that can fit well into a prosthesis. A poorly
designed Syme’s amputation is difficult for a pros-
thetist and can lead to repeated breakdown of the
stump.

DORSUM OF THE FOOT. Defects on the dorsum of
the foot are often treated with simple skin grafts.
Local flaps for small defects include rotation,
bilobed, rhomboid, or transposition flaps. Pedicled
flaps include the extensor digitorum brevis muscle
flap, the dorsalis pedis flap, the supramalleolar flap,
and the sural artery flap. The extensor digitorum
brevis muscle’s reach can be increased by cutting the
dorsalis pedis artery above or below the tarsal
artery, depending on where the defect is and
whether there is adequate antegrade and retrograde
flow. The reach of the supramalleolar flap can be
increased by dividing the anterior perforating
branch of the peroneal artery before it anastomoses
with the lateral malleolar artery. For defects at the
sinus tarsus, the extensor digitorum brevis flap
works well. The most appropriate microvascular
free flap is a thin fasciocutaneous flap. The radial
forearm flap, also thin, is an excellent choice because
it is sensate and provides a vascularized tendon
(palmaris tendon) to restore extensor function. Thin
muscle flaps and skin grafts or fasciocutaneous flaps
with skin grafts are effective options as well.

ANKLE DEFECTS. The soft tissue around the ankle
is sparse and minimally flexible. With sufficient
granulation tissue, a skin graft works well. The
Achilles tendon, if allowed sufficient time to granu-
late, tolerates a skin graft that is durable over time.
Local flaps include rotation, bilobed, and transposi-
tion flaps. Local flaps can also be individually
designed with the posterior tibial and peroneal arte-
rial perforators. Pedicled flaps include the supra-
malleolar, dorsalis pedis, retrograde sural artery,
medial plantar, abductor hallucis, abductor digiti
minimi, and extensor digitorum brevis muscle flaps.
Microvascular free flaps can be either fasciocuta-
neous or muscle with a skin graft, but they should

be kept thin. To promote healing, the ankle should
be temporarily immobilized with an external fixator.

Postoperative Care

After foot and ankle surgery, the foot is frequently
placed in a splint or is stabilized with an external
fixator to prevent movement of the joints and com-
promise of the skin and local flaps. Patients are not
generally allowed to bear weight on the operated
foot for 6 weeks if the plantar surface of the foot 
is involved. For dorsal wounds, the patients are
allowed to ambulate far sooner provided that they
have a dressing that prevents damage to the recon-
struction site. Because of these limitations, a patient
will often need a course of physical and occupational
rehabilitation to gain the strength and mobility to
be independent at home. Patients should be moni-
tored closely during the postoperative period and
should be seen by an orthetist and perhaps a pedor-
thetist to have appropriate shoe wear when they
bear weight. Patients with diabetes should return to
the podiatrist for preventive foot care.

Pearls and Pitfalls

• Successful limb salvage requires a team
approach that includes a vascular surgeon, a
foot and ankle surgeon, a plastic surgeon, and
an infectious disease specialist.

• One first has to ensure adequate blood flow
because without it the wound will not heal.

• Débridement is the platform from which all
reconstruction springs. It has to be aggressive
and repeated as many times as necessary until
the wound is clean.

• Most wounds can be closed with simple tech-
niques, but a minority require more sophisti-
cated anatomic knowledge to perform the
necessary pedicled or free flaps.

• All amputations should be performed in two
stages to avoid complications.

• The VAC dressing is a useful adjunct in prepar-
ing the wound for closure after débridement.

• Reconstruction should proceed only when all
signs of inflammation are absent and signs of
healing are present (healthy granulation tissue
and neo-epithelialization).

• Biomechanical issues should be addressed to
achieve a functional foot and avoid recurrent
breakdown.
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Ablative surgery and reconstruction are often nec-
essary for the treatment of sarcomas, melanomas,
skin and soft tissue tumors, and infections of the
lower extremity. Amputation is occasionally the
treatment of choice because it provides the most
complete method of eradication. However, limb-
sparing surgery accompanied by radiotherapy and
occasionally chemotherapy can be effective amputa-
tion in many cases. The goals of reconstruction are
to maximize the functional capacity of the extrem-
ity without compromising oncologic principles. The
introduction of microsurgery and other reconstruc-
tive techniques has allowed limb-sparing surgery to
become a viable alternative to amputation. The
requirement for coverage of vital structures and pro-
tection from postoperative irradiation necessitates
reconstruction with well-vascularized tissues and
presents reconstructive challenges.

Reconstruction after ablative surgery requires a
team approach, including the oncologic surgeon,
plastic surgeon, oncologist, radiation oncologist, and
physiatrist to ensure the best possible method of
tumor eradication with maximal preservation of
function.

Etiopathogenesis

Skin tumors and sarcomas are the most common
lower extremity problems requiring ablative
surgery. On occasion, massive infections such as
necrotizing fasciitis may necessitate radical débride-
ment of skin, soft tissue, and muscle. Defects result-
ing from trauma and posttraumatic osteomyelitis
are not discussed in this chapter.

Lower Extremity 
Reconstruction after 

Ablative Surgery
ARMEN KASABIAN

Basal cell carcinomas are locally invasive tumors.
They are usually diagnosed at an early stage, and
postablative soft tissue defects rarely require
complex reconstruction.

Squamous cell carcinomas, also usually recog-
nized at an early stage, can metastasize when they
become larger or more invasive. Marjolin’s ulcers
may delay diagnosis, and extirpation of the tumor
may result in a large defect.

Melanomas require wide and deep excision. The
margins of resection depend on the depth of inva-
sion of the tumor and may vary from 1 to 3 cm. When
a 3-cm margin is used, the defect created may
exceed 7 cm. With the paucity of available donor
tissue in the lower extremity, resection may create
a significant soft tissue defect and, depending on the
location of the tumor, may expose tendon, bone, or
other vital structures.

Soft tissue sarcomas account for approximately
1% of malignant neoplasms. Sarcomas (liposarco-
mas, leiomyosarcomas, malignant fibrous histiocy-
tomas, synovial cell sarcomas, rhabdomyosarcomas,
etc.) are usually invasive and diagnosed late. Most
are locally invasive, but metastasis is possible. With
delayed diagnosis, invasion of local soft tissue,
muscle, nerve, and bone results in a complex com-
posite defect and presents a reconstructive challenge.

Bone tumors, such as osteogenic sarcoma and
Ewing’s sarcoma, give rise to significant postabla-
tive bone and joint defects and problems with soft
tissue coverage. The bone defects may be recon-
structed with endoprostheses, bone allografts, 
vascularized bone transfers, and distraction tech-
niques, but such treatment often requires additional
soft tissue coverage. Invasion of nerves and major
vascular structures may require additional recon-
structive and revascularization techniques.
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Pathologic Anatomy

Postablative defects of the lower extremity requir-
ing reconstruction may vary from small skin defects
to complex composite defects consisting of skin, soft
tissue, nerve, muscle, blood vessel, bone, and joints.
Large composite defects represent a reconstructive
challenge. Even small skin defects of the lower
extremity may be challenging because the lower
extremity has a paucity of local tissue, which makes
it difficult to achieve primary closure, and because
the potential need for postoperative radiation
requires a durable type of reconstruction.

Diagnostic Studies

Although restoration of function is an important
aspect of ablative surgery, tumor eradication and
survival are the most important considerations.
Diagnostic studies, including radiography, total
body computed tomography, magnetic resonance
imaging, positron emission tomography, and angiog-
raphy, depend on the pathology of the tumor. The
studies must be performed accurately to detect the
extent of the tumor and the presence of any metas-
tasis. The extent of the tumor or the presence of
metastasis can change the ablative and reconstruc-
tive goals. Absence of metastasis would dictate more
aggressive local tumor eradication and more com-
plicated reconstruction, whereas the presence of
metastasis may prompt more conservative resection
and reconstruction.

Reconstructive Goals

Treatment options for a major tumor of the lower
extremity are ablative surgery followed by recon-
struction or amputation. The goals of reconstruction
after ablative surgery are to maximize functional
restoration with minimal postoperative complica-
tions. The results must be equal to or better than
the alternative: amputation.

Various studies have demonstrated that radical
ablative limb-salvaging surgery combined with radi-
ation therapy and chemotherapy produces survival
rates comparable to those of amputation. More
aggressive local surgical excision combined with
adjuvant therapy has been successful in minimizing
local recurrence and metastasis. Limb salvage and
reconstruction are associated with a reduced inci-
dence of local recurrence and a reduced need for sub-
sequent amputation.

Functional outcome studies have shown fair to
excellent results after limb salvage and reconstruc-
tion. The results vary depending on the extent of
ablation (size of the defect), the structures requiring

reconstruction, the administration of radiotherapy,
the need for immediate or delayed reconstruction,
and the level of the reconstruction on the limb. The
alternative of amputation causes considerable func-
tional impairment with a decrease in activities of
daily living and increased energy of ambulation, as
well as psychologic effects.

Both functional and aesthetic considerations are
important. Tissue should be replaced with like
tissue as much as possible. Skin defects should be
replaced by skin and soft tissue by soft tissue.
Tendon, bone, major vessels, and nerves should be
covered with vascularized tissue, whether it be a
local flap or free tissue transfer. Bone defects may
be replaced with allograft, vascularized bone trans-
fers, an endoprosthesis, or distraction techniques.
When tumors involve major vascular structures,
vascular reconstruction can be achieved either with
autologous vein grafts or with polytetrafluoro-
ethylene (PTFE; Gore-Tex) grafts.

Treatment

Treatment of a postablative surgical defect depends
on several factors:

What is removed:
Skin
Soft tissue
Muscle/tendon
Major vascular structures
Nerve
Bone
Joint

What is exposed:
Soft tissue
Muscle
Tendon
Major vascular structures
Nerve
Bone
Joint

Whether postoperative radiation therapy will be
administered

When planning reconstruction, the surgeon must
rely on the following reconstructive ladder (Table 1):

1 Local wound care
2 Split-thickness skin graft
3 Full-thickness skin graft
4 Local random-pattern flap
5 Local pedicle flap
6 Muscle pedicle flap
7 Microvascular free tissue transfer
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Bone reconstruction has specific options:

1 Allograft
2 Distraction
3 Microvascular free bone transfer
4 Endoprosthesis

When nerve is resected, unless the defect is very
small, the only option for reconstruction is autolo-
gous nerve grafting. When major blood vessels are
sacrificed, reconstruction requires either an autolo-
gous vein graft or a synthetic graft of PTFE (see
Table 1).

Skin Defects

Skin defects are best treated with split-thickness
skin grafting. Skin grafts usually do well on the
lower extremity, and full-thickness skin grafts are
rarely needed. Smaller wounds may be allowed to
granulate and heal by secondary intention, but such
management usually results in a contracted wound
scar.

Soft Tissue Defects

Soft tissue defects may also be treated with split-
thickness skin grafts, but these grafts usually result
in a closed wound with a significant contour abnor-
mality. To improve the aesthetic result, the wound
may be allowed to fill with granulation tissue, fol-
lowed by a delayed skin graft, which may lead to an
improvement in contour. Vacuum-assisted closure of
the wound may promote granulation and decrease

the size of the wound. In patients with excess soft
tissue, the wounds may be resurfaced with local
advancement flaps. When possible, these flaps
usually provide more durable coverage. However,
local flaps result in a soft tissue depression with
additional scarring. There is also a risk of flap
necrosis if not designed properly.

Muscle Defects

Exposed muscle can easily be covered by skin grafts
or local flaps. If muscle has been resected in the
ablative procedure, functional muscle reconstruc-
tion, such as vascularized free muscle transfers, is
rarely successful in restoring muscle function.
However, there is usually redundant muscle func-
tion that can assume some of the lost function.
Tendon transfers for other functional losses may be
required in a delayed reconstruction.

Major Vascular Defects

If major vessels are sacrificed in the lower extrem-
ity, vascular reconstruction may be necessary. If the
superficial femoral artery is sacrificed, reconstruc-
tion is necessary for lower limb viability, which can
be achieved with either a saphenous vein graft or a
Gore-Tex graft. If a vessel is sacrificed below the
knee, the need for revascularization depends on the
status of the other major vessels in the lower part
of the leg. The leg can usually survive with a single
major vessel to the foot. If a single major vessel in
the lower part of the leg is sacrificed during ablative
surgery, revascularization is not necessary unless
the remaining two major vessels are inadequate.

Nerve Defects

If a major nerve is resected in the ablative proce-
dure, repair of the nerve with nerve grafts may be
a consideration, but the results after long nerve
grafts in the lower extremity remain disappointing.

Bone and Joint Defects

Reconstruction of bone defects depends on the 
location and extent of the defect (Table 2). Smaller
skeletal defects can usually be treated with non-

TABLE 2 Reconstruction of Bone Defects

DEFECT RECONSTRUCTION

0-3 cm Cancellous bone graft
3-7 cm Distraction
5-20 cm Vascularized fibula

Endoprosthesis
Knee fusion Vascularized fibula
Knee reconstruction Endoprosthesis

TABLE 1 Coverage of Defects

DEFECT COVERAGE OPTIONS

Skin Healing by secondary intention
Split-thickness skin graft

Soft tissue Healing by secondary intention
Split-thickness skin graft
Local flap

Muscle, tendon Split-thickness skin graft
Local flap
Free tissue transfer
Delayed tendon or muscle transfer

Vascular structure No reconstruction if no vital need
Autologous vein
PTFE graft

Nerve No reconstruction
Nerve graft

Bone Cancellous bone graft
Distraction technique
Vascularized fibula
Endoprosthesis

Joint Joint fusion
Endoprosthesis

PTFE, polytetrafluoroethylene.
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vascularized cancellous bone grafts. Intermediate
defects can be treated by either distraction, bone
lengthening, or vascularized bone transfers.
Although longer bone defects have been recon-
structed by the distraction technique, it is better
suited to intermediate-length defects. A vascular-
ized free fibula transfer can theoretically bridge a
gap up to 24 cm or more. It is most useful for longer
bone defects. Joint fusion can be performed with
nonvascularized bone and internal fixation. Vascu-
larized fibula transfer for joint fusion has been used
successfully and may be more reliable. Endopros-
theses with knee joints spanning long distances
have been used effectively for knee reconstruction
after ablative surgery.

Coverage of Exposed Tendon, Bone,
Arteries, and Nerves

If ablative surgery results in exposure of tendon,
bone, arteries, or nerves in the lower extremity,
these structures must be covered by well-vascular-
ized tissue. Small areas of exposed tendon or bone
may be treated with local wound care alone. The
vacuum-assisted closure dressing is useful for pro-
moting granulation tissue around areas of exposed
bone and tendon. However, waiting for the wound to
granulate may delay the institution of postoperative
radiation therapy or chemotherapy. Small defects
may be closed with a local random-pattern flap.
Defects of the knee are best treated with a gastroc-
nemius muscle flap. Mid to lower leg defects are
optimally treated with a soleus muscle flap. Larger
defects, defects of the lower third of the lower leg,
and defects in the upper part of the leg that cannot
be covered by local techniques are best treated by
microvascular free tissue transfer (Table 3).

Postoperative Care

Postoperative complications after reconstruction of
postablative defects include those associated with
any major flap or free tissue transfer.

Careful monitoring of flap viability along with
prevention of wound necrosis, infection, and expo-
sure of implants or vital structures is crucial to a
successful outcome. Flap monitoring by visual
inspection, temperature probes, or Doppler flowme-
ters has been used with varying degrees of success.
Early return to the operating room is indicated for
any questionable microvascular complication or evi-
dence of wound necrosis that may lead to implant
exposure.

Gradual progression of the limb to dependent
positions is necessary to avoid excessive edema,
venous congestion, and flap necrosis. Deep venous

thrombosis is a major complication of lower 
extremity reconstruction, and immobilization and
anticoagulation must be instituted.

Pearls and Pitfalls

• The extent of tumor resection should not be
compromised to avoid a large wound and the
need for a free tissue transfer.

• Necrosis of wounds and exposure of vital struc-
tures and hardware will most likely lead to
infection and subsequently to amputation.

• The principles of treatment are obliteration of
local tumor, restoration of function, and cover-
age of vital structures and wounds with well-
vascularized tissue to avoid the potential
complications associated with radiation
therapy and chemotherapy.
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TABLE 3 Coverage of Exposed Vital Structures

DEFECT OF EXPOSED VITAL 
STRUCTURES TREATMENT

Upper leg Local flap
Free tissue transfer

Knee Local flap
Gastrocnemius flap
Free tissue transfer

Middle third of lower leg Local flap
Soleus flap
Free tissue transfer

Lower third of lower leg Free tissue transfer
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Abbé flap

for bilateral cleft nose and lip deformities, 462, 462f
for philtral defect, 133
for upper lip defect, 133

ABCDE acronym, in trauma care, 217
Abdominal wall

anatomy of, 367-368, 368f
tumors of, 367

Abdominal wall defects
etiopathogenesis of, 367
reconstruction of, 368-370

component separation closure in, 369, 369f
goals in, 367
myofascial release closure in, 369-370, 370f
pearls and pitfalls in, 371
postsurgical care in, 370-371
primary closure in, 368-369
prosthetic materials in, 369
rectus femoris flap in, 370
tensor fascia lata flap in, 370
VRAM flap in, 370

Abdominoplasty
anterior, 420-421, 420f
circumferential, 421-422, 421f
pearls and pitfalls in, 422
postoperative care in, 422

Ablative surgery, reconstruction after, 678-681
goals in, 679

Above-knee amputation, 653, 653f. See also Amputation.
Abrasions, facial, 226
Access incisions

for liposuction, 417, 418f-420f
in breast augmentation, 393

Achilles tendon, correction of, 674
Acid burns, 74-75. See also Burns.
Acrochordons, 40
Actinic keratoses, 37-38
Acute tubular necrosis, in burn patients, 76
Acutrak screw, in joint fusion, 600
Adams-Oliver syndrome, 96
Advancement flap, 8. See also specific type, e.g., Tenzel’s

semicircular flap.
en-bloc, in spina bifida reconstructive procedures, 379, 380f
rectangular, 15, 16f
V-Y, 8, 9f, 14-15, 15f

for perineal injuries, 437
Aesthetic units, in facial burn reconstruction, 188-189
Age (aging), facial, characteristics of, 273, 274f
Airway

compromised access to, cervical contracture causing, 186
nasal. See Nasal airway. 

Alar base, abnormalities of, 301
secondary rhinoplasty for, 305

Alar batten grafts, for nasal airway obstruction, treatment of,
316, 316f

Alkali burns, 74. See also Burns.
Allen test, for upper extremity vascular insufficiency, 620
Alloderm, in soft tissue augmentation, 331
Allogeneic human collagen, in soft tissue augmentation, 

331
Allograft(s), 13

for burns, 74

683

Index

Alloplastic material
in cranioplasty, 98
in facial rejuvenation procedures, 338-342. See also

Facial rejuvenation procedure(s), alloplastic. 
in structural reconstruction, 22

Alveolar bone
clefting of, reconstruction in, 466-469. See also Cleft lip and

palate, alveolar bone grafting for. 
timing of, 465-466

fractures of, in children, 262
Amide anesthetics, 32
Amniotic band syndrome, 632-634
Ampicillin-sulbactam, for hand infections, 641t
Amputated part(s)

in hand replantation and revascularization, preparation of, 565
of upper extremity, revascularization of, 622
single-digit, replantation of, 563

contraindications to, 558
Amputated stump, in hand replantation and revascularization,

preparation of, 565
Amputation

from distal interphalangeal joint to metacarpophalangeal
joint, 556-558

ideal levels of, 652-653, 653f
of fingertip, 555-556
of hindfoot, 675-676
of mutilated lower limb

complete, 649-650
incomplete, 650
indications for, 652t
vs. salvage, 652-653, 653f

of thumb, 558-560
alternatives to, 559-560, 559f

pearls and pitfalls in, 562
primary goals of, 555
prostheses for, 561-562
ray, 560

alternatives to, 560-561
considerations in, 561
for malignant tumors, 586, 589, 589f

through ankle, 653, 653f
through wrist, 561

Anagen phase, in hair follicle life cycle, 333
Anastomosis, in hand replantation and revascularization, 566
Anemia, Fanconi’s, 630
Anesthesia. See also specific agent, e.g., Lidocaine.

for blepharoplasty, 284-285
for facial soft tissue injury repair, 226
for hair transplantation, 334
for rhinoplasty, 293
general, 28-29
intraoperative medications in, 31-32
local, 32
monitoring of, 30
patient medical status and, 29
pearls and pitfalls in, 33
preoperative medications in, 30-31
preoperative patient evaluation for, 29
safety considerations in, 29-30
selection of, 29, 29t
supportive therapies in, 30
techniques in, 28-29
tumescent, 32-33

Note: Page numbers followed by the letter f refer to figures; those followed by the letter t refer to tables.
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Aneurysm(s), upper extremity, 621-622
Aneurysmal bone cyst, 588, 588f
Angiofibroma, 41
Angiography, of upper extremity vascular insufficiency, 

620
Angioma, tufted, 54
Angle’s classification, of malocclusion, 151, 152f
Animal bites

to face, 227
to upper extremity, 645

Ankle
amputation at, 653, 653f. See also Amputation. 
motor and sensory anatomy of, 669
traumatic wounds of

etiopathogenesis of, 666-668
pearls and pitfalls in, 676
postoperative care in, 676
presurgical treatment of, 670-672, 671f
reconstruction goals for, 670
surgical treatment of, 672-676, 673f

vascular anatomy of, 668, 669f
Ankylosis, of temporomandibular joint, 146-147
Anterior chamber, assessment of, in trauma patients, 221
Anterolateral thigh flap, in microsurgical breast reconstruction,

358
Antia-Buch technique, of helical rim advancement, 101-102,

101f
Antiandrogens, causing gynecomastia, 414t
Antibiotics

causing gynecomastia, 414t
for hand infections, 641t
for inflamed cutaneous cysts, 43-44
prophylactic

for mandibular fracture repair, 253
for trauma patient, 219

topical, for burns, 75
Anticonvulsants, administration of, in trauma patient, 219
Antihelical fold, prominent, creation of, 99, 100f
Antirheumatic agents, disease-modifying, 594-595
Antithrombotic agents, after hand replantation and

revascularization, 566
Antiulcer agents, causing gynecomastia, 414t
Apert hand, treatment of, 628-629
Aplasia cutis congenita, 372

of scalp, 96
Apnea, sleep, sphincter pharyngoplasty causing, 481
Aponeurectomy, palmar segmental, for Dupuytren’s contracture,

611
Arch bars, in mandibular fracture repair, 253, 253f
Artecoll, in soft tissue augmentation, 332
Arterial anastomosis, in hand replantation and

revascularization, 566
Arterial occlusion, of upper extremity, 621
Arterial reconstruction, of upper extremity, 621
Arterialization, of venous system, 622, 623f
Arteriovenous malformations, of upper extremity, 629
Artery(ies). See also named artery.

exposed, coverage of, 681
Arthritis

pyogenic, 645-646
rheumatoid, of hand, 592-600. See also Rheumatoid arthritis,

of hand. 
Arthrocentesis, for temporomandibular joint disease, 148
Arthrodesis

interphalangeal/metacarpophalangeal joint, of thumb, 599-
600

of proximal interphalangeal joint, for rheumatoid hand, 598-
599

of wrist with contoured plate, for rheumatoid hand, 596
Arthroplasty, replacement, for rheumatoid hand, 598

wrist implant in, 596-598, 597f
Arthroscopy, for temporomandibular joint disease, 148-149, 

149f
Arthrotomy, for temporomandibular joint disease, 149
Articulation tests, in assessment of speech problems, 476

Aspergillus, in breast implant infections, 399
Atasoy-Kleinert V-Y flap, for exposed fingertip bone, 

556
Atherosclerotic lesions

in diabetic foot, patterns of, 659
in non-healing foot ulcers, 667

Auricle
deformity of, Meurman classification of, 509, 511f
injury to, 230
reconstruction of

Brent technique in, 102, 103f-104f, 104
Nagata technique in, 104, 104f-105f

Auricular nerve, great, in facial rejuvenation procedures, 
276

Auricular prosthesis, 209, 209f-210f
Autogenous material. See also Flap(s); Skin graft(s).

in structural reconstruction, 22
bone as, 24-25, 25f-27f. See also Bone graft(s). 
cartilage as, 22-23, 23f. See also Cartilage graft(s). 

Autologous breast reconstruction. See also Breast
reconstruction.

latissimus dorsi flap in, 354-355, 355f
complications of, 361

TRAM flap in, 355
complications of, 360-361
pedicled, 355-356

Avulsion
of brachial plexus

repair of, 578
root, 580, 580f
total, 579-580

of facial soft tissue, 226
replantation of parts in, 230

scalp, 93
Axial-pattern flap, blood supply to, 14, 14f
Axillary artery, anatomy of, 619
Axillary lymph nodes, management of, in invasive breast

cancer, 349-350
Axillary nerve, injury to, 572
Axonotmesis, 568, 569, 576, 576f

electrophysiologic findings in, 577t

B
Baker classification, of breast capsular contraction, 398t
Baldness, male pattern, treatment of, 334, 335f. See also Hair

restoration.
Bardach design, in cleft palate surgery, 471, 472f
Basal cell carcinoma, 50-51

etiopathogenesis of, 678
of upper lip, 129

Becker suture, modified, in flexor tendon repair, 527, 528
Bell’s phenomenon, 220
Below-knee amputation, 653, 653f. See also Amputation.
Bennett’s fracture, 544

reverse, 544
Benzodiazepines, intraoperative use of, 31
Bernard-Burow cheiloplasty, for lower lip defect, 132, 133f
Bicoronal synostosis, surgical treatment of, 485

goals in, 485t
Bilateral lambdoid synostosis, surgical correction of, 487

goals in, 485t
Binder’s syndrome, 290
Biopsy

sentinel node
in head and neck cancer, 89-90
in melanoma, 47-48

tissue, in oral cavity cancer, 168
Biopsy incision, for hand and wrist tumors, 585
Bipedicle flap. See also Pedicle flap.

lumbosacral, for myelomeningocele defects, 378, 378f
of residual vestibular skin, for missing nasal lining, 120, 

121f
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Bites
animal/human

to face, 227
to upper extremity, 645

dog, pediatric fractures associated with, 260
Blepharochalasis, 283
Blepharoplasty, 283-289

anesthesia for, 284-285
complications of, 288-289
lower lid, 285, 287-288

adjunctive procedures in, 287-288
transconjunctival, 287
transcutaneous, 287

pearls and pitfalls in, 289
preoperative evaluation prior to, 283-284
reconstructive goals of, 284
upper lid, 285, 286f-287f

adjunctive procedures in, 285
Blowout fracture, in children, 258-259
Blunt trauma

physics of, 220
to nerves, repair of, 570
to perineum, causes of, 435, 436t

Body contour surgery, excisional, 416, 419-420
abdominoplasty in, 420-422, 420f-421f
patient selection for, 416-417
pearls and pitfalls in, 422
postoperative care in, 422
thigh lift in, 422

Bone(s). See also Osteo- entries; named bone, e.g., Radius.
autogenous, in cranioplasty, 97
distraction of, 25
exposed, coverage of, 681
fracture/dislocation of. See Dislocation; Fractures. 
harvesting of, for grafting, 24-25, 25f-27f
in mutilated lower extremity

fixation of, 655
reconstruction of, 656

infection of, management of, 642f
Bone cyst, aneurysmal, 588, 588f
Bone defects, reconstruction of, 680-681, 680t

after tumor excision, 586
Bone graft(s)

alveolar, for cleft lip and palate, 465-469. See also Cleft lip
and palate, alveolar bone grafting for. 

cancellous, 24
cortical, 24
for hypoplastic mandible, in craniofacial microsomia, 516
for nasal support, 122, 122f
in orbital floor reconstruction, 265-266
interpositional, for combined horizontal/vertical chin

deficiency, 322, 322f
nonvascularized, in mandibular reconstruction, 140
vascularized, 656

Bone healing, processes in, 24
Bone tumors

etiopathogenesis of, 678
of hand and wrist

benign, 588-589, 588f
cortical expansion of, 584, 588f
malignant, 589-590, 589f-590f

Bony nasal dorsum, reduction of, in rhinoplasty, 294
Botox

complications of, 325
dosing guidelines for, 325t
injection of, 324-325
lyophilized, composition of, 324
median lethal dose of, 325

Botulinum toxin, 324-325
for bruxism, 148
pearls and pitfalls of, 325-326
type A, 324
type B, 325

Boutonnière deformity, 537-538
correction of, 535

Boutonnière deformity (continued)
pathology of, 599f
tendon reconstruction for, 598

Bovine collagen, injectable, in soft tissue augmentation, 330
Bowenoid papulosis, 40
Bowen’s disease, 51
Boxer’s fracture, of fifth finger, 548, 550f
Boyd’s amputation, 653
Brachial artery, anatomy of, 619
Brachial plexus

anatomy of, 574-575, 575f
injury to

diagnostic studies of, 576-577
electrophysiologic assessment of, 577, 577t
etiopathogenesis of, 575-576, 576f
obstetric, reconstruction of, 580-582, 581f-582f, 583t
outcomes of, 582
pearls and pitfalls in, 583
posttraumatic reconstruction of, 578-580, 579f
primary exploration of, 577-578
radiographic studies of, 577
repair of, 578
root avulsion in, 580, 580f
rupture in, 580
total avulsion in, 579-580

Breast
arterial supply to, 403-404
conservation of, in reconstruction, 353
hypertrophy of

end-organ response to hormones causing, 403
reduction for, 403-410. See also Breast reduction. 

innervation of, 404, 405f
male, enlargement of. See Gynecomastia. 
venous drainage of, 404

Breast augmentation. See also Breast implants.
cosmetic, replacement implants in, 402
diagnostic studies for, 394
etiopathogenesis in, 393
goals in, 394
implant complications in, 397-402
pearls and pitfalls in, 396
postoperative care in, 396
preoperative evaluation in, 393-394
techniques of, 394-396, 394f-395f

Breast cancer, 345-351
breast-conserving surgery for, 345-347

contraindications to, 345-346, 345t, 346f
cosmetic outcome of, 347, 347f
large tumors and, 347-348
local flap reconstruction in, 353
lumpectomy as, 347, 348f
measurement of success of, 346-347
quadrantectomy as, 347
risk of recurrence and, 347

chemotherapy for, 350-351
endocrine therapy for, 351
invasive, axillary node management in, 349-350
mastectomy for, 348-349, 350f
preoperative chemotherapy for, 348
radiation therapy for, 350

Breast implants
anatomic placement of, incidence of contracture and, 398
capsular contracture of, 397-398, 398f, 398t
expander, 353-354

complications of, 360
pearls and pitfalls of, 402
periprosthetic infection of, 398-399
removal of

goals of reconstruction after, 400-401
surgical options after, 401
undesirable effects following, 399, 400f

replacement of
in mastectomy patient, 401
in patient with previous cosmetic breast augmentation, 402
preoperative evaluation in, 399-400, 401f
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Breast implants (continued)
rupture of, 397, 398f
saline-filled, 397, 399
silicone gel–filled, 397, 398f

Breast reconstruction, 352-361
autologous

latissimus dorsi flap in, 354-355, 355f
complications of, 361

TRAM flap in, 355
complications of, 360-361
pedicled, 355-356

breast conservation in, 353
causative factors necessitating, 352
complications of, 360-361
expander implants in, 353-354. See also Breast implants. 

complications of, 360
for Poland’s syndrome, 353, 354f
for total mastectomy, 353
for tuberous breast deformity, 353
goals in, 353
microsurgical, 356-358

anterolateral thigh flap in, 358
free TRAM flap in, 356, 356f-357f, 358
perforator flaps in, 358
Rubens flap in, 358
SIEA flap in, 358
superior gluteal flap in, 358, 359f-360f

nipple-areola area in, 358
pearls and pitfalls in, 361
postoperative care in, 358, 360
preoperative evaluation in, 352-353

Breast reduction
causative factors necessitating, 403
circumareolar central pedicle technique of, 408, 409f
diagnostic studies in, 404
general considerations in, 408-409
goals in, 404-405
inverted “T” inferior pedicle technique of, 408, 409f
liposuction-only method of, 408
medial pedicle vertical reduction technique of, 405, 406f-407f,

407-408
pearls and pitfalls in, 409-410
postoperative care in, 409
preoperative markings for, 405
surgical anatomy in, 403-404, 404f, 405f
vertical superior pedicle technique of, 408, 409f

Breathing, assessment of, in trauma patient, 218-219
Brent technique

in auricular reconstruction, 102, 103f-104f, 104
pearls and pitfalls of, 104, 106

British Medical Research Council grading system, of muscles,
576, 577t

Brow, excessive lateral fullness of, 285
Brow lift, 197-198

diagnostic studies prior to, 273, 275
reconstructive goals of, 275
techniques of, 280

Brow ptosis, treatment of, 285
Bruner’s incision, giant cell tumor exposure with, 587, 587f
Bruxism, botulism toxin for, 148
Buccal crossbite, 153, 153f
Buccal fat pad, in facial rejuvenation procedures, 276
Buccolingual relationship, of teeth, abnormalities in, 151, 153,

153f
Bunnell suture, in flexor tendon repair, 527
Burns

clinical assessment of, 71
complications of, 76
etiopathogenesis of, 71
initial assessment of, 72, 72f-73f
pearls and pitfalls in, 76
postoperative care of, 75-76
reconstruction following, goals of, 74
to ear, 102

Burns (continued)
to face, 184-193. See also Facial burn deformity(ies). 
treatment of, 72-74, 73t
unique, 74-75

Buschke-Löwenstein tumor (giant condyloma acuminatum), 40
Byar’s flap, in hypospadias repair, 430, 433f
Byrd classification, of tibial fractures, 650t
Bzoch Error Pattern Diagnostic Articulation Test, 476

C
Cadaveric skin graft. See Allograft(s); Xenograft(s).
Calcaneal defects, surgical treatment of, 675
Caloric needs, of burn patients, Curreri formula for, 76
Calvaria

denuded, scalp flaps for, 93, 94f
harvesting of, for grafting, 25, 276f
reconstruction of, 97-98

Cancer. See also Tumor(s); specific neoplasm.
of breast, 345-351. See also Breast cancer. 
of chest wall, 362
of head and neck, 79-90. See also Head and neck, cancer of. 
of minor salivary glands, 167
of oral cavity, 81-82, 165-171. See also Oral cavity, cancer of. 
of pharyngoesophageal region, 173-175, 174f
of skin, 45-52. See also Basal cell carcinoma; Melanoma;

Squamous cell carcinoma. 
Cannula(s), for liposuction, 417

placement of, 417, 418f-420f
Canthopexy, in lower lid blepharoplasty, 287-288
Canthoplasty, in lower lid blepharoplasty, 287-288
Canthotomy, in eyelid reconstruction, 110, 110f
Canthus, medial

deformities of, repair of, 267, 268f
lacerations near, 229

Capillary malformation, 56-57
Carbon dioxide laser, in skin resurfacing, 328, 329
Carcinoma. See specific type, e.g., Squamous cell carcinoma.
Cardiovascular medications, causing gynecomastia, 414t
Carpal bones. See also Wrist.

fracture/dislocation of, 543
treatment for, 543-544, 545f

Carpal tunnel syndrome, nonsurgical treatment of, 614
Cartilage, harvesting of, for grafting, 22-23, 23f
Cartilage graft(s)

for large helical rim defect, 102, 102f
for nasal support, 122, 122f
in ear reconstruction, 23, 23f

Cast immobilization, for distal radial fractures, 540
Catagen phase, in hair follicle life cycle, 333
Cefazolin, for hand infections, 641t
Cellulitis

in lymphedema, 68
of upper extremity, 641

Central lip flap, for columellar lengthening, 463, 463f
Centric (neutral) occlusion, in buccolingual relationship of

teeth, 151, 153, 153f
Cephalograms, in orthognathic surgery, 153, 155t
Cerebrospinal fluid leakage

in frontal sinus fracture, 232
in skin-grafted myelomeningocele, 378

Cerebrospinal fluid rhinorrhea, in midface fracture, 237
Cervical. See also Neck.
Cervical collar, for spinal injuries, 218
Cervical contracture, severe, compromised airway access with, 186
Cervical defatting, in face lifts, 279
Cervical defect, regional flap approach to, 373t, 380
Cervical lymph nodes

drainage patterns of, 82, 84f-85f
levels of, 82, 82f

Cervical spine, immobilization of, in trauma patient, 218
Cervicofacial hemangioma, 54
Cervicopectoral flap, for facial burns, 190
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C-flap, in cleft lip repair, 451, 451f
trimming of, 452, 453f

Charcot feet, 660
Charcot’s neuroarthropathy, of diabetic foot, 658-659
Cheeks

defects of, treatment for, 124-125
in facial paralysis, surgical management of, 198-200, 199f
musculature of, 194, 195f, 195t, 196

Cheiloplasty, Bernard-Burow, for lower lip defect, 132, 133f
Chemical burns, 74. See also Burns.
Chemical peels, 324, 327
Chemotherapeutic agents, causing gynecomastia, 414t
Chemotherapy

for breast cancer
adjuvant, 351
preoperative, 348

for head and neck cancer, 88
Cherry hemangioma, 43
Chest

blood supply to, 363
structural support of, 362

Chest wall
malignancies of, 362
muscles of, 362-363

Chest wall defects
diagnostic studies of, 363
etiopathogenesis/causative factors of, 362, 363f
in Poland’s syndrome, reconstruction of, 365-366
reconstruction of, 363-366

goals in, 363
latissimus dorsi flap in, 364
omental flap in, 365
pearls and pitfalls in, 366
pectoralis major flap in, 364
postsurgical care in, 366
rectus abdominis flap in, 364-365, 365f
serratus flap in, 365
trapezius flap in, 365

Children
cleft deformities in. See Cleft entries.
cleft palate prosthesis for, 212
congenital anomalies. See specific anomaly, e.g., Polydactyly. 
cranial sutures in, premature closure of. See

Craniosynostoses. 
facial fractures in, 257-264. See also specific type.

diagnostic studies of, 258
etiopathogenesis of, 257
pathologic anatomy of, 257
pearls and pitfalls of, 264
postsurgical care of, 263
treatment of, 258-263

mandibular diseases in, 135-136
mandibular fractures in, 254
mandibular reconstruction in, 143
replantation of amputated parts in, 564

Chin
bony and soft tissue components of, 319
Botox injection of, 325t
ideal projection of, 319, 320f

Chin deformity(ies), 319
deficiency as, 338
preoperative evaluation of, 319-320
surgical treatment of, 320-322

goals in, 320
interpositional bone graft in, 322, 322f
jumping genioplasty in, 322, 322f
pearls and pitfalls in, 323
postoperative care in, 322
reduction genioplasty in, 322, 322f
silicone implant placement in, 321, 321f
sliding genioplasty in, 321-322, 322f

Chin implant, silicone, placement of, 321, 321f
Chin surgery, for craniofacial microsomia, 514
Chondromatosis, synovial, of temporomandibular joint, 148

Chondrosarcoma, of hand and wrist, 589, 589f
Chopart (midtarsal) amputation, 653, 675-676
Chordee, penile, 425

repair of, 427
Circulation, assessment of, in trauma patient, 219
Circumareolar central pedicle technique, of breast reduction,

408, 409f
Cleft(s), of craniofacial skeleton. See Craniofacial cleft(s).
Cleft hand, 636-637

atypical. See Symbrachydactyly. 
classification of, 636t

Cleft lip
bilateral

etiopathogenesis of, 454
nonsurgical treatment of, 455
pathologic anatomy in, 454
postoperative care for, 457
surgical treatment of, 455-457, 455f-457f

goals in, 454-455
pearls and pitfalls in, 457

unilateral
complete or incomplete, 450
etiopathogenesis of, 449
microform or fusiform, 449-450
nonsurgical treatment of, 450
pathologic anatomy in, 449-450
postoperative care for, 453
surgical treatment of

goals in, 450
pearls and pitfalls in, 453
presurgical markings in, 450-451, 451f
technique in, 451-453, 451f-453f

Cleft lip and palate, alveolar bone grafting for
bilateral cleft and, 468-469, 469f
diagnostic studies in, 466
etiopathogenesis in, 465
goals of reconstruction in, 465
pearls and pitfalls in, 469
postoperative care in, 469
surgical technique of, 466-469, 467f
timing of, 465-466
unilateral cleft and, 467-468, 467f-468f

Cleft nose and lip
bilateral, 461-462

Abbé flap for, 462, 462f
island flaps for, 461-462, 462f
orthognathic surgical procedures for, 463-464
pearls and pitfalls in, 464
secondary nasal correction in, 462-463, 463f

unilateral
diagnostic studies in, 460-461
pathologic anatomy in, 458-459, 459f-460f
problems in repair of, 459-460
surgery for, 461

Cleft palate
diagnostic studies of, 471
etiopathogenesis of, 470
goals of reconstruction of, 471
nonsurgical treatment of, 471
pathologic anatomy in, 470-471
speech pathology associated with, 475-476
surgical treatment of, 471-473, 472f-474f

pearls and pitfalls in, 474
postoperative care in, 473-474

Cleft palate prosthesis, 212
Clinitron bed, for pressure sores, 385
Clonidine, preoperative, 31
Clostridium botulinum, 324. See also Botulinum toxin.
Clostridium perfringens, in gas gangrene, 644. See also

Gangrene, gas.
Clubhand, radial, 629-630

classification of, 629t, 630t
degree of deformity in, 630
surgical treatment of, 630, 631f-633f
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Clubhand, radial (continued)
growth following, 632f
second toe transfer in, 630, 633f

Coagulation zone, in burns, 71
Collagen

allogeneic human, in soft tissue augmentation, 331
injectable bovine, in soft tissue augmentation, 330

Columella
deformities of, after primary rhinoplasty, 300, 301f
excessive caudal protrusion of, secondary rhinoplasty for, 305
lengthening of, central lip flap in, 463, 463f
retraction of, secondary rhinoplasty for, 305

Columellar strut, placement of, in nasal tip surgery, 295, 295f
Columellar-labial angle, 292
Columellar-lobular angle, control of, in nasal tip surgery, 295-

296, 296f
Commissure defects, treatment of, 130t
Common wart (verruca vulgaris), 39, 39f
Complex decongestive physiotherapy, for lymphedema, 68
Component separation method, of abdominal wall defect

closure, 369, 369f
Compression stockings, for lymphedema, 67
Concha, prominent, setback of, 100, 100f
Conchal cartilage graft, for large helical rim defect, 102
Conduits, in nerve repair, 570
Condyle

fracture of, in children, 263
management of, in mandibular reconstruction, 143

Condylectomy, for temporomandibular joint disease, 150
Condyloma (genital wart), 39-40, 40f

bowenoid papulosis from, 40
Condyloma acuminatum, giant (Buschke-Löwenstein tumor), 40
Congenital anomaly(ies), of upper extremity, 625-639. See also

specific anomaly, e.g., Polydactyly.
classification of, 625, 626t

Connective tissue disease, Raynaud’s disease associated with,
667-668

Conscious sedation, 28
contraindications to, 29
procedures amenable to, 29, 29t

Constriction ring syndrome, 632-634
treatment of, 633-634, 634f

Contour deformities, of craniofacial soft tissue, 203-207. See
also Craniofacial soft tissue, contour deformities of.

Contour enhancement, of face, alloplastic rejuvenation in, 339,
339f

Contoured plate, wrist arthrodesis using, in rheumatoid hand,
596

Contraction, of skin grafts, 11
Contracture(s)

capsular, of breast implants, 397-398, 398f, 398t
Dupuytren’s, 608-612. See also Dupuytren’s contracture. 
intrinsic and extrinsic, in facial burn deformities, 188
of small joints, 601-607. See also Small joint contracture. 
physical rehabilitation for, 385

Contusion, facial, 226
Cornea, injury to

after blepharoplasty, 288
in posttraumatic orbital deformities, 269

Coronal incision, in orbitozygomatic surgery, 265
Corrugator muscles, in facial rejuvenation procedures, 276, 277
Cortical expansion, of bone tumors, 584, 588f
Corticosteroids

for hemangioma, 55
for hypertrophic and keloid scars, 62-63

Cottle maneuver, 315, 315f
Cranial fossae, development of, 178-179
Cranial nerves, 178-179. See also specific nerve, e.g., Facial

nerve (VII).
Cranial prosthesis, 211
Cranial vault remodeling

anterior, with frontoorbital advancement, 485, 486f, 487
posterior, 487
timing of, 484

Craniofacial cleft(s)
classification of, 492, 493f
diagnostic studies of, 492
etiopathogenesis of, 492
goals of reconstruction of, 492-493
No. 0 cleft, 493-494, 493f
No. 1 cleft, 494-495, 494f
No. 2 cleft, 495, 495f
No. 3 cleft, 495-496, 496f
No. 4 cleft, 496-497, 497f
No. 5 cleft, 497-498, 498f
No. 6 cleft, 498-499, 498f
No. 7 cleft, 499, 499f
No. 8 cleft, 499, 500f
No. 9 cleft, 499-500, 500f
No. 10 cleft, 500-501, 500f
No. 11 cleft, 501, 501f
No. 12 cleft, 501-502, 502f
No. 13 cleft, 502, 503f
No. 14 cleft, 503-504, 503f
postoperative care for, 505

Craniofacial microsomia
anomalies associated with, 510t
bilateral, 506, 507f
chin surgery for, 514
clinical manifestations of, 506, 507f
diagnostic studies of, 511, 512f
frontotemporozygomatic surgery for, 514
genetic theory of, 506
goals of reconstruction for, 509, 511
mandibular surgery for, 512, 513f-515f, 514
maxillary surgery for, 514, 516f
OMENS clinical classification of, 509, 510t
orthodontic therapy for, 511-512
pearls and pitfalls of, 517
preoperative evaluation of, 511
skeletal pathology in, 506, 508f, 509
soft tissue pathology in, 509, 509f, 511f
soft tissue surgery for, 514
teratogenic theory of, 506
treatment algorithm for

Craniofacial prosthesis, 208-213
defects requiring, 208

anatomy surrounding, 208
diagnostic studies of, 208-209

extraoral, 209-211, 209f-210f
pearls and pitfalls of, 213
postsurgical care for, 212-213

Craniofacial soft tissue, contour deformities of
autologous fat injections for, 204
diagnostic studies of, 204
etiopathogenesis of, 203
pathologic anatomy in, 204
surgical treatment of

indications for, 204
parascapular flap in, 204-207, 205f-206f
pearls and pitfalls in, 207
postoperative care following, 207
timing of, 204

Cranioplasty, 97-98
Craniosynostoses

diagnostic studies of, 483, 484f
etiopathogenesis of, 482
pathologic anatomy of, 482-483
postsurgical care in, 489
surgical treatment of, 484-488

anterior cranial vault remodeling and frontoorbital
advancement in, 485, 486f, 487

goals in, 483, 485t
pearls and pitfalls in, 489-490
posterior cranial vault remodeling in, 487
sagittal synostosis correction in, 487-488, 487f
timing in, 483-484

syndromic
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Craniosynostoses (continued)
genetic mutations associated with, 482
surgical treatment of, 488-489, 488f, 490f

goals in, 485t
timing of, 489t

Craniotomy, endoscopic transnasal, 180, 181f
Cranium

base of. See Skull base. 
cranial nerve passage within, 178-179

Cribriform plate, fractures of, 218
Cross facial nerve graft, innervation of microneurovascular

muscle transfer with, 200, 201f
Cross finger flap, 556, 557f
Cross lip flap

for lower lip defect, 130
for upper lip defect, 133

Crossbite
anterior, 151, 152f
buccal, 153, 153f
lingual, 153, 153f

Crouzon syndrome
genetic mutations associated with, 482
surgical treatment of, 488-489, 488f, 489t, 490f

Crura footplate abnormalities, medial, secondary rhinoplasty
for, 305

Crura strut grafts, in nasal tip surgery, 296
Cryotherapy

for basal cell carcinoma, 50
for keloids, 63
for lentigines, 43
for warts, 39

Cubital tunnel syndrome, nonsurgical treatment of, 614-615,
616f

Curettage, for basal cell carcinoma, 50-51
Curreri formula, of caloric needs, in burn patients, 76
Cutis aplasia, of scalp, 96
Cutler-Beard bridge flap, in eyelid reconstruction, 111, 112f
C-V flap, in nipple-areola reconstruction, 358
Cyst(s)

aneurysmal bone, 588, 588f
epidermal, 43
epidermal inclusion, 587
excision of, 44
ganglion, 587
pilar, 43

D
Débridement

of foot and ankle wounds
biologic, 671
surgical, 670-671

of pressure sores, 385-386
Debulking procedures, for lymphedema, 68-69
Decubitus ulcers. See Pressure sores.
Deep inferior epigastric perforator (DIEP) flap, in microsurgical

breast reconstruction, 358, 359f-360f
Deep sedation, 28
Deep space infection, 643-644
Delay phenomenon, in vascularized random flaps, 13
Dental bridge, 212
Dental implants, 212
Dental impressions, in orthognathic surgery, 153
Dental relationships, 151, 152f-153f, 153
Dental studies, of mandibular deformities, 138
Dentition. See Teeth.
Dentoalveolar fractures, in children, 262-263
Dentoalveolar osteotomy, segmental, 156, 158f
Dentures, partial, 212
Dermabrasion, 327
Dermal tumor(s). See also Epidermal tumor(s).

acrochordons as, 40
angiofibroma as, 41

Dermal tumor(s) (continued)
dermatofibroma as, 41, 41f
lipoma as, 40
neurofibroma as, 41-42, 41f
sebaceous hyperplasia as, 41
xanthelasma as, 42

Dermalogen, in soft tissue augmentation, 331
Dermatochalasis, 283
Dermatofasciotomy, for Dupuytren’s contracture, 611
Dermatofibroma, 41, 41f
Dermatosis papulosa nigra, 37
Desmoid tumors, of abdominal wall, 367
Dexamethasone, in cleft palate surgery, 471
Dextran, after hand replantation and revascularization, 566
Diabetic ulcers, of lower limb

causative factors in, 658-659
clinical evaluation in, 660
nonsurgical treatment of, 661
pearls and pitfalls in, 664-665
postsurgical care of, 664
reconstructive goals for, 661-663, 662f
surgical treatment of

flap selection in, 663
technique of, 663-664

vascular disease in
evaluation of, 660-661
patterns of, 659

wound distribution in, 659-660
Diazepam, for lidocaine-induced seizures, 33
Dicloxacillin, for hand infections, 641t
Diethylcarbamazine, for filariasis, 68
Digit(s). See Finger(s); Thumb; Toe entries.
Digital artery, thrombosis of, 621
Dimple sign, in dermatofibroma, 41
Diplopia

after blepharoplasty, 288
in trauma patient, 220

Disability(ies), assessment of, in trauma patient, 219-220, 
219t

Disk displacement, of temporomandibular joint
with reduction, 146, 147f
without reduction, 146

Disk replacement, in temporomandibular joint disease, 149-150
Disk repositioning (diskoplasty), for temporomandibular joint

disease, 149
Diskectomy, for temporomandibular joint disease, 149-150
Dislocation

of carpal bones, 543
treatment for, 543-544, 545f

of metacarpophalangeal joint, 548
at thumb, 548, 550

of proximal interphalangeal joint, 553
of temporomandibular joint, 254

Distoclusion, 151
Distraction lengthening, for skeletal deficiencies, 638-639
Distraction osteogenesis, mandibular, 159, 160f, 161
Distraction technique, of structural reconstruction, 25
Dog bites, pediatric fractures associated with, 260
Dolichocephaly, 483
Donor ellipse, harvest of, in hair restoration, 334-335
Donor sites

evaluation of, for breast reconstruction, 352-353
for interpolation flap, 17, 19f
for mandibular deformity reconstruction, anatomic

characteristics of, 138t
for mandibular resection prosthesis, 212
for parascapular flap, 205
for skin grafting, of plantar wounds, 672-673
for tendon grafts, 528-529
graft/flap, for facial burn reconstruction, 188

Donor veins, in arterial reconstruction, 621
Dorsal hump, residual

after primary rhinoplasty, 299
secondary rhinoplasty for, 302
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Dorsal spreader grafts
for nasal airway obstruction, 315-316, 316f
placement of

in septoplasty, 295, 295f
in upper lateral cartilage collapse, 303, 303f

Dorsalis pedis artery, 668, 669f
Dorsum

of foot, defects of, surgical treatment for, 676
of nose, overresected, secondary rhinoplasty for, 302-303,

309f-311f
Dry eye syndrome, after blepharoplasty, 288
Dupuytren’s contracture

diagnosis of, 609
etiopathogenesis of, 608
nonsurgical treatment of, 611
pathologic anatomy of, 608-609, 609f-610f
pearls and pitfalls in, 612
postoperative care for, 611-612
surgical treatment of, 610-611

Dupuytren’s nodules, 609
Dysphagia, 172
Dysplastic nevus, 42

melanoma risk with, 45

E
Ear(s). See also specific part.

external. See External ear. 
in craniofacial microsomia, OMENS classification of, 

510t
injury to, 221
musculature of, 195t

Ear cartilage
harvesting of, 23
infection of, 221

Earlobe, prominent, correction of, 100-101
Ectropion, after blepharoplasty, 288
Edema. See also Lymphedema.

causing sores, 384
venous, 67

Edentulous mandible, fractures of, 254-255
Eikenella corrodens, in human bite infections, 645
Elbow

flexion restoration at, with motor nerve transfers, 571
limb replantation at, 564

Electrical burns, 75. See also Burns.
Embolectomy, 620-621
Embolism, upper extremity, 620-621
Embryologic classification, of upper extremity congenital

anomalies, 626t
Eminectomy, for temporomandibular joint disease, 150
En-bloc advancement flap, in spina bifida reconstructive

procedures, 379, 380f
advantages of, 379-380

Enchondroma, of hand and wrist, 588
Endocrine therapy, adjuvant, for breast cancer, 351
Endotracheal intubation

of burn patient, 75
of trauma patient, 217-218

contraindications to, 218
Enophthalmos, correction of, 249, 267
Enzymatic fasciotomy, for Dupuytren’s contracture, 611
Epidermal cyst, 43
Epidermal inclusion cyst, 587
Epidermal tumor(s). See also Dermal tumor(s).

keratoacanthoma as, 38, 38f
keratoses as, 37-38, 38f
warts as, 38-40, 39f-40f

Epithelial sarcoma, of hand and wrist, 589
Erbium-YAG laser, in skin resurfacing, 328, 329-330
Erythroplakia, 165-166
Esophagus, cancer of, 173-175, 174f
Estlander flap, for lower lip defect, 131, 131f

Exfoliating agents, topical, 327
Expander implants, in breast reconstruction, 353-354. See also

Breast implants.
complications of, 360

Extensor tendon(s)
at wrist level, 531, 532f
centralization of, sagittal bands and transverse retinacular

ligaments in, 531-532, 533f
in rheumatoid hand, 593t. See also Rheumatoid arthritis, of

hand. 
examination of, 594t

injury to
causes of, 531
pathologic anatomy in, 531-532
preoperative evaluation of, 532-533
zones of, 532f, 532t

preservation of insertion of, fingertip amputation and, 556
Extensor tendon repair

complications of, 537-538
in hand replantation and revascularization, 565
of sagittal band injury, 535-536
pearls and pitfalls in, 538
postoperative care in, 536-537
reconstructive goals in, 533
suture techniques in, 533-534
zones of injury, 534-536, 534f

External ear
diagnostic studies of, 99
helical rim defects of, 101-102, 101f-102f
melanoma of, 102
prominent, 99-101

anatomic abnormalities contributing to, 99, 100f
nonsurgical treatment of, 99
surgical treatment of, 99-101

antihelical fold in, 99, 100f
concha prominence in, 100
earlobe prominence in, 100-101
pearls and pitfalls, 101

thermal injuries to, 102
total/near total defects of, 102-106. See also Microtia. 

External fixation, of distal radial fractures, 540
Extraocular muscle, imbalance of, management of, 267
Extremity(ies)

lower. See also specific part, e.g., Foot. 
diabetic/ischemic ulcers of, 658-664. See also Diabetic

ulcers, of lower limb. 
elevation of, for lymphedema, 67
giant nevi of, treatment of, 520
mutilating injuries to, 649-657. See also Mutilating

injury(ies), to lower extremity. 
upper. See also specific part, e.g., Hand. 

anatomy of, 619
congenital anomalies of, 625-639. See also specific anomaly,

e.g., Polydactyly. 
classification of, 625, 626t

giant nevi of, treatment of, 520
infection of, 640-646. See also specific infection; specific site.

causative factors in, 640
pearls and pitfalls in, 646
postoperative care for, 646
treatment of, 640, 641f-642f, 641t

physical examination of, 619-620
vascular insufficiency of, 618-624. See also Vascular

insufficiency, of upper extremity. 
Eye(s). See also Vision; specific part.

examination of, in midface fracture, 236
injury to, 220-221
musculature of, 194, 195t
prosthetic, 210

Eyebrow, injury to, 229-230, 229f
Eyelid

defects of
diagnostic studies of, 109
etiopathogenesis of, 107
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Eyelid (continued)
pathologic anatomy of, 108-109
reconstruction of. See Eyelid reconstruction. 

excessive wrinkling of, 283
in facial paralysis, surgical management of, 198
lacerations of, repair of, 227, 229, 229f
lower, anatomy of, 108, 108f
pathologic anatomy of, 283, 284f
upper, anatomy of, 107-108, 108f

Eyelid ptosis
management of, 267
postoperative, 289

Eyelid reconstruction
goals of, 109
of full-thickness defects

direct reapproximation in, 110, 110f
lid-sharing flaps in

for lower lid, 111, 113, 113f-114f
for upper lid, 111, 112f

pearls and pitfalls in, 113, 115
postsurgical care in, 113
Tenzel’s semicircular advancement flap in, 110-111, 111f

of partial-thickness defects
nonsurgical, 109
surgical, 109

F
Face

aging of
characteristics in, 273, 274f
rejuvenation procedures for. See Facial rejuvenation

procedure(s). 
blood supply to, 223-224
designated areas of, in soft tissue trauma, 224f
divisions of, 154f, 188f
giant nevi of, treatment of, 519
lymphatic drainage of, 224
melanoma on, 50
normal anatomy of, 275-277
“trapdoor” deformity of, 224

Face lift
cervical defatting in, 279
closure in, 279-280
complications of, 280-281
diagnostic studies prior to, 273, 275
incisions in, 277, 277f-278f
postoperative care after, 280
reconstructive goals of, 275
redraping in, 279
SMAS/platysma flap for, 279
submental dissection and undermining in, 277, 279
technique of, 277-280

short-scar, 280
Facial artery musculomucosal flap, for vermilion defects, 130,

130t
Facial burn deformity(ies), 184-193

evaluation of, treatment based on, 190-192, 190t, 191f-193f,
191t, 192t

reconstructive surgery for
aesthetic units in, 188-189
contractures in, 188
donor sites in, 188
facial proportion analysis in, 187-188, 188f-189f
flaps in, 190, 190t
fundamental principles in, 187-190
general concepts in, 184-185, 185f
pearls and pitfalls in, 192-193
skin grafts in, 189-190
skin tightness in, 188
timing of, 185-187
Z-plasty in, 189

second-degree, spontaneous healing of, 185

Facial burn deformity(ies) (continued)
type I, 190

treatment principles for, 190, 191, 191f, 191t
type II, 190

treatment principles for, 191-192, 191f-192f, 191t
Facial contours, enhancement of, in alloplastic facial

rejuvenation, 339, 339f
Facial drooling, static sling for, 200
Facial expression, muscles of, 194, 195f, 195t, 196
Facial fractures. See Fractures; specific type.
Facial implants

placement of, surgical approach to, 341, 341f
principles of, 339-340
types of, 340-341, 340t

Facial nerve (VII), 178-179
branches of, 196-197, 196f, 225f
cross grafting of, innervation of microneurovascular muscle

transfer with, 200, 201f
in craniofacial microsomia, 509, 510t
in facial injury, 223

repair of, 227
in facial rejuvenation procedures, 275-276

Facial paralysis, 194-201
etiopathogenesis of, 194
evaluation of, 197
treatment of

eyelid in, 198
forehead in, 197-198
goals in, 197
lower lip in, 200-201
multispecialty approach to, 201
nasal reconstruction in, 198
nonsurgical, 197
pearls and pitfalls in, 201
surgical, 197-201
upper lip and cheek reconstruction in, 198-200, 199f, 

201f
Facial proportion analysis, in burn deformities, 187-188, 188f-

189f
Facial prosthesis, 211
Facial rejuvenation procedure(s). See also specific procedure,

e.g., Face lift.
alloplastic

diagnostic studies in, 339
enhancement of contours in, 339, 339f
etiopathogenesis and, 338
pathologic anatomy and, 338-339
pearls and pitfalls in, 342
postoperative care in, 342
principles of implant augmentation in, 339-340
surgical technique of, 341, 341f
types of implant in, 340-341, 340t

diagnostic studies prior to, 273, 275
etiopathogenesis and, 273
goals in, 275
nonsurgical, 324. See also Botox; Laser skin resurfacing; Soft

tissue augmentation. 
goals in, 327

normal anatomy and, 275-277
Facial soft tissue injury

abrasions in, 226
animal and human bites in, 227
avulsion in, 226

replantation of parts in, 230
contusion in, 226
diagnostic studies of, 224
etiopathogenesis of, 223f-224f
eyelid lacerations in, 227, 229, 229f
hematomas in, 226
laceration repairs in, 227, 228f
lacrimal system laceration in, 229
lip lacerations in, 229-230, 229f
nasal lacerations in, 229
nerve repair in, 227
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Facial soft tissue injury (continued)
parotid gland in, 223

lacerations of, 227
pathologic anatomy in, 223-224, 225f
photographic record of, 225
repair of

anesthetic techniques in, 226
pearls and pitfalls in, 230
reconstructive goals in, 225

to auricle, 230
to eyebrow, 229-230, 229f
trigeminal nerve repair in, 227
wounds in

cleansing of, 226
inspection of, 225-226
missing parts involving, 230

Facial wounds
cleansing of, 226
inspection of, 225-226
lacerated, repair of, 227, 228f
missing parts of, 230

Fanconi’s anemia, 630
Fasciitis, necrotizing, 644
Fasciocutaneous flap

blood supply to, 14
for cheek defects, 125
for traumatic foot wounds, 674
in soft tissue reconstruction, 655-656

Fasciotomy, for Dupuytren’s contracture, 611
Fat pads, in facial rejuvenation procedures, 276
Fatty tumors, benign (lipomas), 40
Feeding problems, with craniofacial microsomia, management

of, 515
Felon, 641f, 643
Fentanyl, intraoperative use of, 31
Festoons, in orbicularis laxity, 288
Fibroepithelial polyps, 40
Fibroma, soft, 40
Fibrosarcoma, infantile, 54
Fibrous histiocytoma, malignant, of hand and wrist, 589
Fibula free flap, in mandibular reconstruction, 138t, 140-141,

140f-142f
Filariasis, in lymphedema, 68
Filling agent(s), in soft tissue augmentation, 324, 327

Autologen as, 331
Isolagen as, 330-331

Finger(s)
amputation of, 560. See also Amputation. 

alternatives to, 560-561
considerations in, 561

excess number of. See Polydactyly. 
fifth

metacarpal base fractures of, 544
metacarpal neck fracture of, 548, 550f

in rheumatoid hand, 593t. See also Rheumatoid arthritis, of
hand. 

examination of, 594t
lumbrical-plus, 558
malignant tumors of, 586
metacarpal shaft fractures of, 544, 546

treatment options for, 546, 547f, 548, 549f
multiple, replantation of, 563-564

Fingertip
amputation of, 555-556. See also Amputation. 
boxy, 556
infections of, 643

management of, 641f
First-degree burns, 71
Fistula

after mandibular reconstruction, 143
closure of, in velopharyngeal insufficiency, 478

Fixation. See also K-wire fixation; Screw fixation.
of distal radial fractures

external, 540

Fixation (continued)
internal, 541-542, 541f

of mutilated lower extremity bones, 655
Flap(s). See also specific flap, e.g., Abbé flap.

advancement. See Advancement flap. 
bipedicle

lumbosacral, for myelomeningocele defects, 378, 378f
of residual vestibular skin, for missing nasal lining, 120,

121f
blood supply to, 13-14, 13f-14f
classification of, movement-based, 14-17, 15f-19f
definition of, 13
distant, 9
fasciocutaneous. See Fasciocutaneous flap. 
free. See Free flaps. 
in facial burn reconstruction, 190, 190t
in posterior trunk reconstruction, 373-376, 373t, 374f
local, 8-9

for traumatic foot wounds, 673-674
in mandibular reconstruction, 139-140
reconstruction of, in breast-conserving surgery, 353

muscle. See Muscle flaps. 
myocutaneous. See also specific type, e.g., Transverse rectus

abdominis myocutaneous (TRAM) flap. 
blood supply to, 14

pedicle
distant, 9
for traumatic foot wounds, 674
for vermilion defects, 130, 130t

regional
in mandibular reconstruction, 140
in oral cavity reconstruction, 169
in posterior trunk reconstruction, 380-381

rotation, 9, 15, 16f. See also specific type, e.g., Karapandzic
flap. 

for ischial pressure sores, 387-388, 387f
tissue expansion for, maximizing, 20-21, 21f
transposition, 9, 15, 17f

Flat wart, 39
Flexor tendon(s)

anatomy of, 525-526
appropriate function of, 526
in rheumatoid hand, 593t. See also Rheumatoid arthritis, of

hand. 
examination of, 594t

injury to
diagnostic studies of, 526
late, 528-529
pathologic anatomy in, 526

preservation of insertion of, fingertip amputation and, 556
pulley system of, 525, 526f
tethering of, 558

Flexor tendon repair
grafting in

donor sites for, 528-529
single-stage, 528
two-stage, 529

in hand replantation and revascularization, 566
nutritional support in, 525
pearls and pitfalls in, 530
reconstructive goals in, 527
rehabilitation after, 529-530
technique of, 527-528, 527t
timing of, 527
types of, 528, 528f

Flexor tendon sheath, infection of, 644
Fluid resuscitation

for burn patient, 72-73, 73t
for trauma patient, 219

Flumazenil, 31
5-Fluorouracil, for actinic keratoses, 37-38
Foot

Charcot, 660
diabetic, 666-667. See also Diabetic ulcers, of lower extremity. 
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Foot (continued)
Charcot’s neuropathy of, 658-659
distribution of wounds in, 659-660
tissue loss in, 661-662

and no target bypass vessel, 663
infection-induced, 662, 662f
over target bypass vessel, 662-663
pressure-induced, 662

dorsum of, defects of, surgical treatment for, 676
motor and sensory anatomy of, 668
sole of, melanoma of, 49-50
traumatic wounds to

diagnostic studies of, 668-670
etiopathogenesis of, 666-668

connective tissue disorders and, 667-668
diabetes and, 666-667. See also Foot, diabetic. 
peripheral vascular disease in, 667

reconstructive goals for, 670
treatment of, 670-676

delayed primary closure in, 672
donor site for plantar wound in, 672-673
fasciocutaneous flaps in, 674
forefoot coverage in, 674-675
healing by secondary intention in, 672
hindfoot coverage in, 675-676
local flaps in, 673-674
microvascular free flaps in, 674
midfoot coverage in, 675
muscle flaps in, 674
pearls and pitfalls in, 676
pedicle flaps in, 674
postoperative care in, 676
presurgical, 670-672, 671f
skin grafting in, 672, 673f
surgical, 672-673, 673f

vascular anatomy of, 668, 669f
Forefoot, defects of, surgical treatment for, 674-675
Forehead

Botox injection of, 325t
congenital nevi of, 96, 97f
defects of, etiopathogenesis of, 92
in facial paralysis, surgical management of, 197-198
in facial rejuvenation procedures, 276-277

Forehead flap, for missing nasal lining, 120
Foreskin, dorsal hood, 425
Four-flap Z-plasty, of first web space, 559, 559f
Fractures. See also at anatomic site; specific type, e.g.,

Greenstick fractures.
cribriform plate, 218
frontal bone, 231-235, 233f-234f
healing of, 24
in children, 257-264. See also under Children. 
mandibular, 251-255. See also Mandibular fractures. 
maxillary

LeFort, 245-246, 245f-247f
sagittal, 246, 248f

metacarpal
at base, 544
at neck, 548, 550f
at shaft, 544, 546

treatment options for, 546, 547f, 548, 549f
metacarpophalangeal joint, 548

at thumb, 548, 550
treatment options for, 550-551

midface, 236-250
nasal, 222, 237-239, 238f
nasoethmoid orbital, 239-243, 239f-243f
orbital, 246, 248-250, 248f-250f
proximal phalangeal

at base, 551
at condyle, 552-553
at shaft, 551-552, 552f

radial, distal, 539-540
classification of, 540

Fractures (continued)
treatment of, 540-542, 541f

scaphoid, 542
treatment of, 542-543

tibial, classification of, 650, 650t
wrist, 543-544, 545f
zygomatic, 243-245, 244f-245f

Free flaps. See also specific type, e.g., Radial forearm free flap.
evaluation of recipient vessels for, in mandibular

reconstruction, 139
for diabetic/ischemic lower limb

choice of, 663
postoperative bleeding of, 664

for nasal defect, 118
in mandibular reconstruction, 138t
in oral cavity reconstruction, advantages and disadvantages

of, 169
microvascular, 9

for cheek defects, 125
for craniofacial microsomia, 514
for pediatric mandibular deformities, 143
for traumatic foot wounds, 674
in abdominal wall reconstruction, 370
in posterior trunk reconstruction, 381, 381f

Frontal bone, fractures of
diagnosis of, 231-232
pearls and pitfalls in, 234-235
postoperative care in, 234
surgical treatment of, 232-234, 234f
treatment algorithm for, 232, 233f

Frontal sinus
anatomic boundaries of, 231
cranialization of, 234
embryology of, 231
traumatic injury to, 232

Frontalis muscle, 194, 195f, 195t
in facial rejuvenation procedures, 276

Frontal-orbital-zygomatic fractures, in children, 258-260, 259f-
260f

Frontoorbital advancement, anterior cranial vault remodeling
with, 485, 486f, 487

Frontotemporozygomatic surgery, for craniofacial microsomia,
514

Full-thickness skin graft, 8
for burns, 74
for congenital vaginal agenesis, 441, 442f
for eyelid defects, 109
for facial burns, 189-190
for genital and perineal injuries, 436
for small nasal lining defect, 121-122
for small superficial nasal defect, 118-119
harvesting of, 12

Furlow repair, of cleft palate, 473
Fusion, joint. See Arthrodesis.

G
Galveston formula, for fluid resuscitation, of children, 72, 

73t
Ganglion cysts, 587
Gangrene

gas, 644-645, 645f
lower leg, skin grafts for, 672, 673f
toe, surgical treatment for, 674

Gap arthroplasty, for temporomandibular joint disease, 150
Gastrocnemius muscle flap, in soft tissue reconstruction, 655
Gastrointestinal tract, complications of, in burn patients, 76
General anesthesia, 28-29. See also Anesthesia.
Genetic classification, of congenital hand anomalies, 626t
Genetic mutations, associated with craniosynostoses, 482
Genetic theory, of craniofacial microsomia, 506
Genioplasty, 156, 156f-158f

for craniofacial microsomia, in adolescence/adulthood, 517
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Genioplasty (continued)
jumping, 322, 322f
reduction, 322, 322f
sliding, 321-322, 322f

Genital wart (condyloma), 39-40, 40f
bowenoid papulosis from, 40

Genitalia, external, posttraumatic deformities of, 435-439. See
also specific organ.

Gentamicin, for hand infections, 641t
Giant cell tumor

of bone
in hand, 588-589
in wrist, 589

of radius, 555f, 584
of tendon sheath, 587, 587f

Gilles approach, to zygomatic arch fractures, 244
Gingivoperiosteal flaps

for bilateral alveolar clefts, 468-469, 469f
for unilateral alveolar clefts, 467-468, 467f-468f

Gingivoperiosteoplasty, primary, for alveolar cleft, 466
Glabella, Botox injection of, 325t
Glabellar furrows, treatment of, 285
Glanuloplasty, meatal advancement with, for hypospadias, 427,

428f
Glasgow Coma Scale, in head and neck trauma, 217, 219t
Glomangioma (glomuvenous malformation), 56
Glomus tumor, of hand, 588
Glomuvenous malformation (glomangioma), 56
Gluteal thigh rotation flap, for ischial pressure sores, 387-388,

387f
Gluteus maximus flap

for sacral pressure sores, 386-387, 386f
in posterior trunk reconstruction, 373f, 375-376

Gold weights, for paralyzed eyelid, 198
Goldenhar’s syndrome, 506. See also Craniofacial microsomia.
Gonzalez-Ulloa-Stevens line, of horizontal chin projection, 319,

320f
Gore-Tex

in abdominal wall implants, 369
in facial implants, 340, 340t

Gracilis muscle, transfer of, for paralyzed upper lip and cheek,
200, 201f

Gracilis myocutaneous flap
for acquired vaginal defects, 444, 445f, 446
for diabetic/ischemic lower limb, 663

Graft(s)
arterial, 621
bone. See Bone graft(s). 
cartilage. See Cartilage graft(s). 
in hair restoration. See Micrografts; Minigrafts. 
nerve, 570-571
skin. See Full-thickness skin graft; Skin graft(s); Split-

thickness skin graft. 
tendon, 528-529
venous, 621

Granuloma, pyogenic, 43, 43f
Great auricular nerve, in facial rejuvenation procedures, 276
Greenstick fractures

closed reduction and maxillomandibular fixation of, 252, 
252f

in children, treatment of, 258
of zygoma, 244

Gustilo classification, of tibial fractures, 650t
Gynecomastia

causes of, drugs implicated in, 414t
diagnostic studies of, 412-413, 412f-413f
etiopathogenesis of, 411, 411t
evaluation of, 411-412
pathologic anatomy in, 411, 411t
treatment of

indications for, 413-414
liposuction in, 414
pearls and pitfalls in, 414
postoperative care in, 414

H
Hair follicle

anatomy of, 333, 333f
life cycle of, 333-334

Hair restoration, 333-336
advances in, 333
anesthesia for, 334
complications of, 336
goals in, 334, 334f
graft dissection in, 335
graft insertion in, 335-336, 335f-336f
harvest of donor ellipse in, 334-335
patient selection for, 334
pearls and pitfalls in, 336
postoperative care in, 336

Hand. See also Finger(s); Thumb; specific bone or joint.
amputation of, 555-561. See also Amputation. 

etiopathogenesis of, 555
pearls and pitfalls in, 562
prostheses for

active, 561-562
passive, 562

reconstructive goals for, 555
Apert, 628-629
cleft, 636-637, 636t
congenital anomalies of. See also specific anomaly.

genetic classification of, 626t
fractures of, 539-554

diagnostic studies of, 539
etiopathogenesis of, 539
pearls and pitfalls in, 553-554

ischemia of, sudden onset, 620-621
partial, replantation of, 564
replantation and revascularization of

complications of, 567
contraindications to, 564
initial management in, 564-565
nerve repair in, 566
osteosynthesis in, 565
patient selection for, 563-564
pearls and pitfalls in, 567
postoperative management in, 566-567
preparation of amputated part and stump in, 565
surgical technique in, 565-566
tendon repair in, 565-566
vascular repair in, 566
wound closure in, 566

rheumatoid arthritis of, 592-600. See also Rheumatoid
arthritis, of hand. 

tumors of. See also specific tumor.
benign bone, 588-589, 588f
benign soft tissue, 587-588, 587f
diagnostic studies of, 584-585, 585f
histologic grade and characteristics of, 584t
malignant bone, 589-590, 589f-590f

metastatic, 590
malignant soft tissue, 589
pearls and pitfalls in, 591
postoperative care for, 591
treatment of, 586-591

goals in, 585-586, 586t
limb salvage in, 590-591
surgical technique in, 585

Hard palate. See also Palate.
defects of. See Cleft palate. 
function of, 470

Harvesting
endoscopic, of latissimus flap, 348, 349f
of bone, for grafting, 24-25, 25f-27f
of cartilage, for grafting, 22-23, 23f
of donor ellipse, in hair restoration, 334-335

Head and neck
cancer of



Index —— 695

Head and neck (continued)
diagnostic studies of, 82-86
etiopathogenesis of, 79-81
genetic changes in, 80t
molecular biology of, 80-81, 80f
pathologic anatomy of, 81-82, 81f-82f, 84f-85f
postoperative care in, 90
postsurgical complications in, 90
reconstructive goals in, 86-87
TNM staging of, 85-86, 86f, 86t
treatment of, 87-90

chemotherapy in, 88
neck dissections in, 88-89, 89f
pearls and pitfalls in, 90
radiation in, 87-88
sentinel node biopsy in, 89-90

trauma to
airway patency in, 217-218
breathing in, 218-219
circulation in, 219
disability in, 219-220, 219t
ear lacerations in, 221
exposure and environment control in, 220
facial fractures in, 221
Glasgow Coma Scale score in, 217, 219t
immobilization of cervical spine in, 218
nasal fractures in, 222
nerve injury in, 221
ocular assessment in, 220-221
pearls and pitfalls in, 222
primary survey of, 217-220
secondary survey of, 220-222

Helical rim
large defects of, 102, 102f
small defects of, 101-102, 101f-102f

Hemangioendothelioma, kaposiform, 54
Hemangioma

cervicofacial, 54
cherry, 43
congenital, 53
diagnosis of, 53-54
differential diagnosis of, 54
etiopathogenesis of, 53
histopathology of, 53
malformations associated with, 54
of hand, 588
of upper extremity, 629
radiographic features of, 54
treatment of, 54-56
ulcerated, treatment of, 55

Hematoma
after blepharoplasty, 288
after face lifts, 280-281
after facial injury, 226
after mandibular reconstruction, 143
expanding, treatment of, 281
in posttraumatic orbital deformities, 269
in zygoma fractures, 244
nasal, drainage of, 238

Hemifacial atrophy, progressive, 203, 204
Hemihypertrophy, classification of, 637t
Hemorrhage

after blepharoplasty, 288
after velopharyngeal insufficiency repair, 481
in trauma patient, control of, 219

Hernia, incisional, 367
Herpetic whitlow, 641f, 643
Hiatus semilunaris, formation of, 177
Hindfoot, defects of, surgical treatment for, 675-676
Histiocytoma, malignant fibrous, of hand and wrist, 589
Holt-Oram syndrome, 630
Hook nail deformity, 556
Horizontal osteotomy, of anteroinferior mandible, 156, 156f-

158f

Hormones, causing gynecomastia, 414t
Hughes’ flap, in eyelid reconstruction, 111, 113, 113f-115f
Human bites

to face, 227
to upper extremity, 645

Human collagen, allogeneic, in soft tissue augmentation, 331
Human papillomavirus (HPV)

in bowenoid papulosis, 40
in head and neck cancer, 79
transmission of, 39

Humpback deformity, scaphoid, 542
Hutchinson’s sign, in subungual melanoma, 49
Hyaluronic acid, in soft tissue augmentation, 331-332
Hypermobility, of temporomandibular joint, 147
Hyperostosis, classification of, 637t
Hypertrophic scar

after face lifts, 281
after second-degree facial burns, 185f, 186, 187f
definition of, 10
diagnosis of, 61
etiogenesis of, 60-61, 61f
pearls and pitfalls of, 65
treatment of, 61-65, 64f

corticosteroids in, 62-63
interferons in, 63
laser therapy in, 63
pressure therapy in, 62
retinoids in, 63-64
silicone gel dressings in, 63

vs. keloid, 61t
Hyphema, in midface fracture, 236
Hypoglossal nerve (XII), 179
Hypopharynx. See also Pharynx.

anatomy and physiology of, 172, 173f
defects in, free jejunal flap for, 174, 174f

Hypospadias
diagnostic studies of, 426
etiopathogenesis of, 425
pathologic anatomy in, 425-426
surgical treatment of, 427-433

chordee repair in, 427
complications following, 434
failed repair in, 430
goals in, 427
meatal advancement and glanuloplasty in, 427, 428f
meatal-based urethroplasty in, 427, 429f
pearls and pitfalls in, 434
postoperative care in, 434
preputial flap urethroplasty in, 427, 430, 430f
skin coverage in, 430, 433f
two-stage procedure in, 430, 431f-432f

various forms of, 426f
Hypothenar hammer syndrome, 621
Hypothenar space infection, 644

I
Iliac crest, harvesting of, for grafting, 24, 25f
Iliac crest free flap, in mandibular reconstruction, 138t, 141-

143
Ilizarov procedure, of bone lengthening, 656
Imaging studies. See also specific modality.

of facial fractures, 221
of head and neck cancer, 84-85
of oral cavity cancer, 168
of soft tissue hand tumors, 555f, 584-585

Imbalance deformity(ies), of extensor mechanism
boutonnière, 537-538
swan neck, 537

Imiquimod
for actinic keratoses, 38
for genital warts, 39-40
for keloids, 64
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Implant(s)
bovine collagen, in soft tissue augmentation, 330
breast. See Breast implants. 
chin, placement of, 321, 321f
dental, 212
facial

placement of, surgical approach to, 341, 341f
principles of, 339-340
types of, 340-341, 340t

wrist, for rheumatoid hand, 596-598, 597f
Incision(s). See also specific incision.

in face lifts, 277, 277f-278f
in lines of minimal tension, 6, 6f
in orbitozygomatic surgery, 265

Infantile fibrosarcoma, 54
Infection

causing sores, 384
of ear cartilage, 221
of lower extremity. See Diabetic ulcers, of lower limb. 
of upper extremity, 640-646. See also specific infection;

specific site.
causative factors in, 640
pearls and pitfalls in, 646
postoperative care for, 646
treatment of, 640, 641f-642f, 641t

periprosthetic, of breast implants, 398-399
postsurgical, of abdominal wall, 367
posttraumatic, of orbital deformities, 269

Infraclavicular incision, in exploration of brachial plexus injury,
578

Injury. See at specific anatomic site, e.g., Brachial plexus, injury
to; specific injury, e.g., Fractures.

Inosculation, in graft survival, 12
Interferon-alfa

for hemangioma, 55
for hypertrophic and keloid scars, 63

Internal fixation, of distal radial fractures, 541-542, 541f
Interphalangeal joint(s)

distal, amputation from, to metacarpophalangeal joint, 556-
558

proximal
arthrodesis of, for rheumatoid hand, 598-599
dislocation of, 553
extention and flexion of, limitation of, 602t

Interpolation flap, 9
donor site for, 17, 19f

Intranasal lining flap, for small to moderate defects, 120-121
Intubation

of burn patient, 75
of trauma patient, 217-218

contraindications to, 218
Inverted “T” inferior pedicle technique, of breast reduction, 408,

409f
Iowa classification, of thumb polydactyly, 626t
Iowa Pressure Articulation Test, 476
Ischium, pressure sores at, treatment of, 387-388
Island flap, for bilateral cleft nose and lip deformities, 461-462,

462f

J
Jahss maneuver, reduction of metacarpal neck fractures with,

548, 550f
Jejunal free tissue flap

in hypopharynx and esophagus reconstruction, 174, 174f
in urethral reconstruction, 438, 438f

Jejunum, peristalsis in, 172-173
Jewer classification system, of mandibular deformities, 136,

137f
Joint(s). See also specific joint, e.g., Temporomandibular 

joint.
condyloid, 601
hinge, 601-602

Joint(s) (continued)
small, contracture of, 601-607. See also Small joint

contracture. 
Joint defects, reconstruction of, 680-681
Joint fusion. See Arthrodesis.
Joint infections, 645-646

management of, 642f
Joint mobility, limitation of, 601
Joint stiffness

common causes of, 602t
definition of, 601

Jumping genioplasty, for chin with horizontal deficiency and
vertical excess, 322, 322f

K
Kanavel’s signs, in flexor tenosynovitis, 644
Kapetansky vermilion flap, for bilateral cleft nose and lip

deformities, 461-462, 462f
Kaposiform hemangioendothelioma, 54
Karapandzic flap, for lower lip defect, 131-132, 132f
Kasabach-Merritt phenomenon, 54
Keloid, 10

at donor site, in hair restorations, 336
diagnosis of, 61
etiopathogenesis of, 60-61, 61f-62f
treatment of, 61-65, 64f

corticosteroids in, 62-63
cryotherapy in, 63
excision in, 63
imiquimod in, 64
interferons in, 63
laser therapy in, 63
pearls and pitfalls in, 65
pressure therapy in, 62
radiation in, 63
retinoids in, 63-64
silicone gel dressings in, 63

vs. hypertrophic scar, 61t
Keratoacanthoma, 38, 38f

vs. squamous cell carcinoma, 51
Keratoses

actinic, 37-38
seborrheic, 37, 38f

Kessler technique, of flexor tendon repair, 528, 528f
Kleinert and Duran protocols, in flexor tendon rehabilitation,

529-530
Klippel-Trenaunay syndrome, 57, 637, 638
Knee amputation, 653, 653f. See also Amputation.
Krukenberg’s operation, 561
Kutler lateral V-Y flap, for exposed fingertip bone, 556
K-wire fixation

in joint fusion, 599-600
of distal radial fracture, 541f
of phalangeal shaft fracture, 551-552, 552f
of scaphoid fracture, 543
of thumb base fracture, 544
of wrist fracture, 544, 545f
of zone 1 extensor tendon repair, 534, 534f

L
Lacerations

of ear, 221
of extensor tendons, repair of, 534, 535, 535f, 536
of eye, 220
of eyelid, repair of, 227, 229, 229f
of face, composite tracings of, 224f
of flexor tendons, 526

repair of, 527-528, 527t
of lacrimal system, 229
of lip, repair of, 229-230, 229f
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Lacerations (continued)
of nail bed, 556
of nose, 229
of parotid gland, 227
of scalp, 93
repair of, 227, 228f

Lacrimal gland, in excessive lateral brow fullness, management
of, 285

Lacrimal system, laceration of, 229
Lag screw fixation

of metacarpal shaft fractures, 546, 547f
of phalangeal shaft fractures, 552

Lambdoid synostosis, unilateral and bilateral, surgical
correction of, 487

goals in, 485t
Larynx, injury to, 218
Laser skin resurfacing, 324, 328, 328f-329f

CO2 laser in, 328, 329
erbium-YAG laser in, 328, 329-330
postoperative management of, 330
technique in, 328-330

Laser therapy
for capillary malformations, 57
for hemangioma, 55
for hypertrophic and keloid scars, 63
for lentigines, 43
for refractory warts, 40

Laterognathism, 151
Latissimus dorsi flap

endoscopic harvest of, technique of, 348, 349f
in breast reconstruction, 354-355, 355f

complications of, 361
in chest wall reconstruction, 364
in posterior trunk reconstruction, 375

Latissimus dorsi–gluteus maximus musculocutaneous 
flap, in spina bifida reconstructive procedures, 378, 
380f

advantages of, 379-380
LeFort fracture, 245-246

edentulous, 246
in children, 260-261, 261f
incomplete, 245-246
type I, 245f-247f, 246
type II, 246, 247f
type III, 246, 247f

LeFort I osteotomy, 161, 161f-162f
for craniofacial microsomia, 514, 515f-516f

in adolescence/adulthood, 517
LeFort III midface advancement surgery, for craniosynostoses

syndromes, 488-489, 488f
LeFort III midface distraction osteogenesis, for Crouzon

syndrome, 489, 490f
LeFort III osteotomy, 161, 163f
Leg elevation, for lymphedema, 67
Lens, assessment of, in trauma patients, 221
Lentigines, 42-43
Lentigo simplex, 42
Leukoplakia, 165
L-flap

in bilateral cleft lip repair, 456
in unilateral cleft lip repair, 451-452, 452f

Lichen planus, 166
Lidocaine

for hair transplantation, 334
formulated preparations of, 32-33
in liposuction tumescent solution, 418
safety of, 33
toxicity of, 33

Lid-sharing flap, in eyelid reconstruction
of lower lid, 111, 113, 113f-115f
of upper lid, 111, 112f

Limb
mangled

preservation of viable parts in, 653, 654f

Limb (continued)
salvage of, 655

with hand and wrist tumors, salvage of, 590-591
Limb Salvage Index (LSI), 651
Lingual crossbite, 153, 153f
Lip(s)

lacerations of, repair of, 229-230, 229f
lower

deficiency of, 339
in facial paralysis, surgical management of, 200-201
reconstruction of, 130-132, 131f-133f, 131t
squamous cell carcinoma of, 129

musculature of, 194, 195f, 195t, 196
topographic landmarks of, 129f
upper

augmentation of, 341, 341f
basal cell carcinoma of, 129
Botox injection of, 325t
deficiency of, 339
hair-bearing tissue of, reconstruction of, 134
in facial paralysis, surgical management of, 198-200, 199f,

201f
reconstruction of, 133-134, 134f

Lip defects
cleft. See Cleft lip. 
of commissure, treatment of, 130t
of vermilion, treatment of, 130, 130t
pathologic anatomy of, 129-130
reconstruction of

goals in, 130
in lower lip, 130-132, 131f-133f, 131t
in upper lip, 133-134, 134f

Lip flap, central, for columellar lengthening, 463, 463f
Lip-chin complex, evaluation of, prior to rhinoplasty, 291
Lipofibromatosis, classification of, 637t
Lipoma, 40

of hand, 587
Liposuction, 416

access incisions and cannular placement in, 417, 418f-420f
aftercare in, 419
for gynecomastia, 414
in breast reduction, 408
instrumentation for, 417
patient preparation and care during, 417
patient selection for, 416-417
pearls and pitfalls in, 422
power-assisted, 417
tumescent solution in, 418
tumescent technique of, 418-419
ultrasound-assisted, 417

Lipotransfer, in soft tissue augmentation, 331
Liquid nitrogen, cryotherapy with. See Cryotherapy.
Lisfranc (tarsometatarsal) amputation, 653, 675
Local anesthesia, 32. See also Anesthesia.
Local flaps, 8-9

for traumatic foot wounds, 673-674
in mandibular reconstruction, 139-140
reconstruction of, in breast-conserving surgery, 353

Long finger amputation, 560. See also Amputation.
Lower extremity. See Extremity(ies), lower; specific part.
Lumbar defect, regional flap approach to, 373t, 380-381
Lumbosacral hemangioma, 54
Lumpectomy, for breast cancer. See also Breast cancer, breast-

conserving surgery for.
local failure rates in, 347
technique of, 347, 348f

Lund and Browder chart, in estimation of burn injury, 72, 73f
Lupus erythematosus, soft tissue atrophy with facial

involvement in, 203
Lymph nodes

axillary, in invasive breast cancer, 349-350
cervical

drainage patterns of, 82, 84f-85f
levels of, 82, 82f
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Lymph nodes (continued)
in melanoma

biopsy of, 47-48
clinically negative, 46-47
clinically positive, 48
treatment of, 46-48

Lymphangiosarcoma, postmastectomy, 70
Lymphangitis, of upper extremity, 641, 643
Lymphatic malformations, 57-58

of upper extremity, 629
Lymphedema

diagnosis of, 67
etiopathogenesis of, 66
pathophysiology of, 66-67
treatment of

medical, 67-68
pearls and pitfalls in, 70
postoperative care/complications after, 69-70
surgical, 68-69

Lymphedema praecox, 66
Lymphedema tarda, 66
Lymphoscintigraphy, isotopic, 67

M
Macrodactyly, 637-638, 637t
Macrogenia, 319. See also Chin deformity(ies).
Macrosomia, rapid wound contraction causing, 186
Maffucci’s syndrome, enchondromas in, 588
Maggots, in biologic débridement, 671
Magnetic resonance angiography, of upper extremity vascular

insufficiency, 620
Magnetic resonance imaging

of hemangioma, 54
of soft tissue hand tumors, 585

Mal perforant ulcer, of diabetic foot, 659
Malar deficiency, 338-339
Malar fat pad, in facial rejuvenation procedures, 276
Male pattern baldness, treatment of, 334, 335f. See also Hair

restoration.
Malignant fibrous histiocytoma, of hand and wrist, 589
Malignant melanoma. See Melanoma.
Mallet finger deformity, 532

classification of, 533
Malocclusion

after mandibular reconstruction, 143
Angle’s classification of, 151, 152f

Mammaplasty, reduction, 353
Mammary (thoracic) artery, internal, 403-404, 404f
Mammography

diagnostic, of breast cancer, 346, 346f
screening, of breast implants, 400, 401f

Mandible
anatomy of, 136
dentoalveolar component of, 151
edentulous, 254-255
in craniofacial microsomia

OMENS classification of, 510t
pathology of, 506, 508f, 509

muscle groups of, 251
occlusal abnormalities of, 151, 152f-153f, 153

surgical correction for, 156, 156f-164f, 159, 161
pathology of, 151
pediatric diseases of, 135-136

Mandibular deformity(ies)
dental studies of, 138
diagnostic studies of, 136-138
etiopathogenesis of, 135-136
Jewer classification system of, 136, 137f
modified Pruzansky classification of, 506, 508f, 509
radiographic studies of, 137-138
reconstruction of

adjunctive procedures in, 139

Mandibular deformity(ies) (continued)
anatomic characteristics of donor sites for, 138t
condylar management in, 143
evaluation of recipient vessels in, 139
fibular free flap in, 140-141, 140f-142f
goals in, 138-139
iliac crest free flap in, 141-143
in children, 143
local flaps and skin grafts in, 139-140
nonosseous, 139
nonvascularized bone grafts in, 140
pearls and pitfalls in, 143-144
plates with or without soft tissue in, 140
postoperative care in, 143
regional flaps in, 140
scapular free flap in, 141
timing of, 139
vascularized osseocutaneous flaps in, 140-143

Mandibular fractures
complications of, 255, 255t
condylar, 254
diagnostic studies of, 251
etiopathogenesis of, 251
in children, 254, 262-263
loose teeth in, 254
pathologic anatomy of, 251
postoperative care for, 255
treatment of, 252-255

closed fixation in, 252, 252f
goals in, 252
internal rigid fixation in, 252-254, 253f
pearls and pitfalls in, 255
screw insertion in, 254
splints in, 253-254

Mandibular ligament, in facial rejuvenation procedures, 276
Mandibular ramus deficiency, 339
Mandibular surgery, for craniofacial microsomia, 512, 513f-515f,

514
Mandibulectomy, for oral cavity cancer, 170
Mandibulotomy, for oral cavity cancer, 169-170
Mangled Extremity Severity Score (MESS), 651, 651t
Mangled Lower Extremity Score Index (MESI), 651
Mangled lower limb. See also Mutilating injury(ies), to lower

extremity.
preservation of viable parts in, 653, 654f
salvage of, 655

Marjolin’s ulcer, 51
Marlex mesh, implantation of, in abdominal wall

reconstruction, 369
Mastectomy

breast reconstruction following, 353
replacement implant and, 401

radiation therapy following, 350
technique of, 348-349, 350f

Maxilla, 124, 124f
LeFort fractures of, 245-246, 245f-247f
pathology of, 151
sagittal fractures of, 246, 248f

Maxillary excess, 151
Maxillary growth, as factor in alveolar reconstruction, 466
Maxillary hypoplasia, 151
Maxillary resection, defect after

classification of, 125
type I, 125-126, 125f
type II, 126, 126f
type III, 126f-127f, 127-128
type IV, 127f, 128

Maxillary surgery, for craniofacial microsomia, 514, 516f
Maxillary-midface distraction, 161, 164f
Maxillofacial prosthesis, 208-213

defects requiring
anatomy surrounding, 208
diagnostic studies of, 208-209

intraoral, 211-212, 211f
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Maxillofacial prosthesis (continued)
pearls and pitfalls in, 213
postsurgical care for, 212-213

Maxillomandibular distraction, for craniofacial microsomia,
514, 516f

Maxillomandibular fixation
closed surgical treatment by, 252, 252f
of edentulous mandibular fracture, 255

Maxillomandibular screws, 254
Meatal advancement with granuloplasty, for hypospadias, 427,

428f
Meatal-based urethroplasty, for hypospadias, 427, 429f
Medial pedicle vertical reduction technique, of breast reduction,

405, 406f-407f, 407-408
Median nerve

compression of, surgical treatment for, 615
numerical grading scale for, 615t
reconstruction of, 572-573

Medpor facial implant, 340, 340t
Melanoblasts, 518
Melanocytic neoplasms, benign, 42-43
Melanocytic nevus (mole), 42

congenital
etiopathogenesis of, 518
pearls and pitfalls of, 520-521
postoperative care for, 520
treatment of

by anatomic area, 519-520
goals in, 519

Melanoma, 45-50
diagnosis of, 46
etiopathogenesis of, 678
facial, 50
histopathology of, 45, 46t
locally recurrent, treatment of, 48-49
metastatic survey of, 46, 47t
of ear, excision of, 102, 102f
plantar, 49-50
regional lymph nodes in

biopsy of, 47-48
clinically negative, 46-47
clinically positive, 48
treatment of, 46-48

risk factors for, 45
subungual, 49
surgical excision of

margins in, 46, 47t
postoperative follow-up in, 48

TNM staging of, 46t
Meningocele, 372
Meningomyelocele, 372
Mersilene facial implant, 340-341, 340t
Meshing, of skin graft, 12
Mesioclusion, 151
Metabolic rate, increased, in burn patients, 75-76
Metacarpal fractures

at base, 544
at neck, 548, 550f
at shaft, 544, 546

treatment options for, 546, 547f, 548, 549f
Metacarpophalangeal joint(s)

amputation from distal interphalangeal joint to, 556-558
dislocation/fracture of, 548

at thumb, 548, 550
treatment options for, 550-551

extension and flexion of, limitation of, 602t
rheumatoid arthritis of. See also Rheumatoid arthritis, of

hand. 
examination of, 594t
replacement arthroplasty in, 598

Metastases
of malignant bone tumors, of hand, 590
of melanoma

survey of, 46, 47t

Metastases (continued)
treatment for, 48-49

of oral cavity cancers
distant, 168
regional, 167-168

Metatarsal heads, ulcers of, treatment of, 674
Metopic synostosis, surgical treatment of, 485, 486f

goals of, 485t
Meurman classification, of auricular deformity, 509, 511f
Microcirculation, atherosclerotic changes in, of diabetic

patients, 659
Microgenia, 151, 319. See also Chin deformity(ies).
Micrognathia, 151
Micrografts, in hair restoration, 333

application of, 334
dissection and insertion of, 335-336, 335f-336f

Microsomia, craniofacial. See Craniofacial microsomia.
Microstomia, perioral deformities resulting in, 186
Microsurgical breast reconstruction. See also Breast

reconstruction.
anterolateral thigh flap in, 358
free TRAM flap in, 356, 356f-357f, 358
perforator flaps in, 358
Rubens flap in, 358
SIEA flap in, 358
superior gluteal flap in, 358, 359f-360f

Microtia
Brent technique for, 102, 103f-104f, 104
Nagata technique for, 104, 104f-105f

Microvascular free flaps. See Free flaps, microvascular.
Microvascular transplantation, in upper extremity, 622
Midazolam, intraoperative use of, 31
Midface defect

infraorbital, 339
paranasal-premaxillary, 339
treatment of, 125-128, 125f-127f

pearls and pitfalls in, 128
Midface distraction device, for Crouzon syndrome, 489, 490f
Midface fracture, 236-250. See also specific fracture site.

diagnostic studies of, 236-237
etiopathogenesis of, 236
in children, 260-261, 261f-262f
treatment of, 237

Midfoot, defects of, surgical treatment for, 675
Midpalmar space infection, 643
Midtarsal (Chopart) amputation, 653, 675-676
Midthoracic defect, regional flap approach to, 373t, 380
Minigrafts, in hair restoration, 333

application of, 334
dissection and insertion of, 335-336, 335f-336f

Mohs’ microsurgery, for basal cell carcinoma, 51
Mole (melanocytic nevus), 42, 518-521
Mouth. See also Oral cavity.

musculature of, 195t
Mucositis, therapy-induced, 90
Muscle(s). See also named muscle.

British Medical Research Council grading system of, 576,
577t

of abdominal wall, 368, 368f
of chest wall, 362-363
of facial expression, 194, 195f, 195t, 196

Muscle defects, reconstruction of, 680
Muscle flaps. See also specific muscle flap.

blood supply to, 14
for posterior trunk defects, 373-374, 373t

availability of, 374, 374f
for traumatic foot wounds, 674

Muscle injury, assessment of, in incomplete amputation, 
650

Muscle spasms, medical treatment of, 385
Muscle transfer, in upper lip and cheek reconstruction

microneurovascular, 199-200
regional, 199, 199f

Mustarde technique, in creation of antihelical fold, 99, 100f
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Mutilating injury(ies), to lower extremity
diagnostic studies of, 651, 651t
etiopathogenesis of, 649
pearls and pitfalls in, 657
tissue assessment in, 649-650, 650t
treatment of

amputation vs. salvage in, 652-653, 652t, 653f
bone fixation in, 655
bone reconstruction in, 656
complications of, 656-657
goals in, 651
limb salvage in, 655
outcome in, 657
preservation of viable parts in, 653, 654f
rehabilitation following, 656
replantation in, 651-652
soft tissue reconstruction in, 655-656

Myelomeningocele, 372
Myocutaneous flap. See also specific type, e.g., Transverse rectus

abdominis myocutaneous (TRAM) flap.
blood supply to, 14

Myofascial pain, in temporomandibular joint disease, 146
Myofascial release method, of abdominal wall defect closure,

369-370, 370f
Myonecrosis, clostridial, 644-645, 645f

N
Nafcillin, for hand infections, 641t
Nagata technique

in auricular reconstruction, 104, 104f-105f
pearls and pitfalls of, 104, 106

Nail bed
laceration of, 556
melanoma in situ of, 49

Naloxone, intraoperative use of, 31
Nasal. See also Nose.
Nasal airflow, improved, Cottle maneuver for, 315, 315f
Nasal airway

obstruction of
diagnostic studies of, 314-315, 314f-315f
etiopathogenesis of, 313
treatment of, 315-317

alar batten grafts in, 316, 316f
complications of, 317-318
inferior turbinate resection in, 317
pearls and pitfalls in, 318
spreader grafts in, 315-316, 316f

size and patency of, 313-314
Nasal bones

asymmetric, secondary rhinoplasty for, 303
depressed, secondary rhinoplasty for, 303
malpositioned, after primary rhinoplasty, 299

Nasal cartilage asymmetry, after primary rhinoplasty, 299-300,
300f

Nasal cartilage collapse
lower lateral

in unilateral cleft lip repair, 452-453, 453f
secondary rhinoplasty for, 305, 309f-311f

upper lateral, secondary rhinoplasty for, 303, 303f-304f
Nasal cavities

examination of, prior to secondary rhinoplasty, 300
surgical anatomy of, 176-177

Nasal cover
of large deep defects, 119-120, 119f-120f
of small superficial defects, 118-119

Nasal defects
etiopathogenesis of, 117
preoperative evaluation of, 117
treatment of, 118-122

complications of, 123
nasal cover in, 118-120, 119f-120f
nasal lining in, 120-122, 121f

Nasal defects (continued)
nasal support in, 122, 122f
pearls and pitfalls in, 123
reconstruction goals in, 117-118, 118f

Nasal fractures, 222, 237-239
frontal impact, 239
plane I and II laterally displaced, 237-238, 238f
plane III laterally displaced, 238-239, 238f
treatment of, pearls and pitfalls in, 239

Nasal lacerations, 229
Nasal length, ideal, 292, 292f
Nasal lining, missing, replacement of, 120-122, 121f
Nasal prosthesis, 210-211
Nasal reconstruction, in facial paralysis, 198
Nasal skin, examination of, prior to secondary rhinoplasty, 

299
Nasal spine, abnormalities of, secondary rhinoplasty for, 305
Nasal stents, 211
Nasal support, missing, replacement of, 122, 122f
Nasal symmetry, evaluation of, prior to rhinoplasty, 291, 

291f
Nasal tip

deformities of. See also Supratip deformity. 
in cleft lip and nose, 458, 459f
secondary rhinoplasty for, 304-305, 306f-308f

ideal projection of, 292, 292f
modification of, in primary rhinoplasty, 295-297, 295f-297f

Nasal valve
external, definition of, 313
internal, 314

definition of, 313
Nasal-orbital ethmoidal fractures, in children, 261, 262f
Nasoalveolar molding appliance, 212
Nasoendoscopy, of palate, 477, 478t
Nasoethmoid orbital fractures, 239-243, 239f

clinical examination of, 240, 240f
patterns of, 240
surgical treatment of, 240-243

for type I injury, 241, 241f
for type II injury, 241, 241f
for type III injury, 242, 242f
for type IV injury, 242-243, 243f

Nasolabial angle, evaluation of, prior to rhinoplasty, 292
Nasolabial flap, two-stage, for large deep nasal defect, 119-120,

119f-120f
Nasolabial fold

augmentation of, 341
depression of, 339

Neck. See also Cervical; Cervico- entries.
Botox injection of, 325t
dissections of, for head and neck cancer, 88-89, 89f. See also

Head and neck, cancer of. 
anatomic boundaries in, 83t

lymph nodes in
drainage patterns of, 82, 84f-85f
levels of, 82, 82f

trauma to, 222. See also Head and neck, trauma to. 
Necrosis, of skin graft or flap, 123
Necrotizing fasciitis, 644
Neoplasm. See Cancer; Tumor(s); specific neoplasm.
Nerve(s). See also named nerve.

exposed, coverage of, 681
Nerve blocks. See also Anesthesia.

for hair transplantation, 334
Nerve compression, peripheral

differential diagnosis of, 613
electrodiagnostic and neurosensory test of, 614, 615t, 

616t
etiopathogenesis of, 613
history of, 614
nonsurgical treatment of, 614-615, 616f
pathologic anatomy of, 613
pearls and pitfalls in, 617
physical examination of, 614
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Nerve compression, peripheral (continued)
postoperative care for, 617
surgical treatment of, 615-617

Nerve decompression, for rheumatoid hand, 595
Nerve defects, reconstruction of, 680
Nerve grafts, 570-571
Nerve injury

after face lifts, 281
assessment of, 221
fifth-degree (neurotmesis), 569, 576, 576f
first-degree (neurapraxia), 568, 576, 576f
fourth-degree (neuroma in continuity), 569
peripheral

classification of, 576, 576f
diagnostic studies of, 569
etiopathogenesis of, 568
pathologic anatomy of, 568-569
pearls and pitfalls in, 573
postoperative care for, 573
treatment of, 569-573

second-degree (axonotmesis), 568, 576, 576f
sixth-degree, 569
third-degree (axonotmesis), 569, 576, 576f

Nerve repair
conduits in, 570
grafting techniques in, 570-571
in closed or blunt injuries, 570
in hand replantation and revascularization, 566
in open injuries, 569-570
microsurgical techniques in, 570
nerve transfers in, 571-572, 572f

sensory, 572
principles of, 570

Nerve transfers, 571
brachial plexus avulsion reconstruction with, 578
motor, elbow flexion restoration with, 571
sensory, 572
shoulder abduction reconstruction with, 571-572

Nesbit tuck, in penile reconstruction, 437
Neural tube, closure of, 379
Neurapraxia, 568, 576, 576f

electrophysiologic findings in, 577t
Neurilemmoma, 587
Neuroarthropathy, Charcot’s, of diabetic foot, 658-659
Neurofibroma, 41-42, 41f
Neurofibromatosis, classification of, 637t
Neuroma, formation of, fingertip amputation and, 556
Neuroma in continuity, 569
Neuromuscular transfer, microvascular, for paralyzed eyelid,

198
Neurosensory testing, of peripheral nerves, 614, 615t, 

616t
Neurotmesis, 569, 576, 576f

electrophysiologic findings in, 577t
Neurovascular status, assessment of, in incomplete amputation,

650t
Neutral (centric) occlusion, in buccolingual relationship of

teeth, 151, 153, 153f
Neutroclusion, 151
Nevus

congenital, of scalp and forehead, 96, 97f
dysplastic, 42

melanoma risk with, 45
melanocytic (mole), 42

congenital, 518-521
Nevus flammeus neonatorum, 56
NEXUS low-risk criteria, for cervical spine injury, 218
Nipple, grafting of, 358
Nipple-areola area

innervation of, 404, 405f
reconstruction of, 358

Nodules
Dupuytren’s, 609
rheumatoid, 593t

Nose. See also Nasal entries.
abnormalities of, in cleft lip deformity, 454. See also Cleft

nose and lip. 
aesthetically problematic, pathologic anatomy of, 290-291,

299-301, 300f, 301f
dorsum of. See also Dorsal entries.

overresected, secondary rhinoplasty for, 302-303, 309f-311f
external surface of, 117-118, 118f

Nostrils, asymmetry of, after primary rhinoplasty, 300
Nuchal translucency, posterior, vs. lymphatic malformations, 

57
Nutritional support

for patient with diabetic/ischemic ulcers, 661
for patient with pressure sores, 385
in flexor tendon repair, 525

O
Oblique muscles, of abdominal wall, 368, 368f
Oblique retinacular ligament, reconstruction of, for swan neck

deformity, 598
Obturator prosthesis, 211-212, 211f
Occlusal appliances, for temporomandibular joint disease, 148
Ocular prosthesis, 210
Ollier’s disease, enchondromas in, 588
OMENS clinical classification, of craniofacial microsomia, 509,

510t
Omental flap

in chest wall reconstruction, 365
in posterior trunk reconstruction, 376, 376f

Oncogenes, in head and neck cancer, 80
Ondansetron, preoperative, 30-31
Onlay implants, facial, screw fixation of, 341, 341f
Open bite deformity

anterior, 151, 152f
Schuchardt procedure for, 156, 158f

Open joint surgery, for temporomandibular joint disease, 149
Open reduction with internal rigid fixation (ORIF), of

mandibular fractures, 252-254, 253f
in children, 254

Ophthalmic nerve (VI), 178
Opioids, intraoperative use of, 31
Oral cavity. See also specific part, e.g., Tongue.

anatomy of, 166f
cancer of, 81-82, 81f-82f, 166

diagnosis of, 168
etiopathogenesis of, 165
local extension of tumor in, 167
metastatic, 167-168
pathologic anatomy in, 166-167
pearls and pitfalls in, 171
postsurgical care in, 170
prognosis of, 170-171
reconstructive goals in, 168-169
TNM staging of, 85-86, 86f, 86t, 167t
treatment of, 169-170
types of, 166-167

premalignant lesions of, 165-166
Orbicularis oculi muscle, 194, 195f, 195t
Orbicularis oris muscle, deformities of, in cleft lip and nose,

458, 460f
Orbit

in craniofacial microsomia, OMENS classification of, 510t
posttraumatic deformities of

avoidance of
choice of reconstruction material in, 265-266
proper fracture reduction in, 265
surgical exposure in, 265, 266f
timing in, 265

complications of, 269
etiopathogenesis of, 265
pathologic anatomy in, 266
pearls and pitfalls in, 269



702 —— Index

Orbit (continued)
postoperative care in, 267
preoperative evaluation of, 266
treatment of, 267, 268f

Orbital floor fractures, 248
in children, 259, 259f-260f
reconstruction of, bone grafts in, 265-266

Orbital fractures, 246, 248-250, 248f
diagnosis of, 248
medial, 250
of floor, 248

in children, 259, 259f-260f
reconstruction of, bone grafts in, 265-266

of roof, 250
in children, 258, 259f

surgical reduction of, 249, 249f-250f
Orbital prosthesis, 210, 210f
Orbital roof fractures, 250

in children, 258, 259f
Oropharynx, cancer of, TNM staging of, 167t
Orthodontic therapy, for craniofacial microsomia, 511-512
Orthognathic surgery

for craniofacial microsomia, in adolescence/adulthood, 
517

pathologic anatomy in, 151, 152f-153f, 153
pearls and pitfalls in, 164
preoperative evaluation in, 153, 154f, 155t
techniques in, 156, 156f-159f, 159, 160f-164f, 161

Orticochea’s three-flap technique, for scalp defect, 93, 95f
Osseocutaneous flaps, vascularized, in mandibular

reconstruction, 140-143
Ostectomy, of pressure sores, 385-386
Osteoarthritis, of temporomandibular joint, 147-148
Osteoconduction, in bone healing, 24
Osteogenesis, in bone healing, 24
Osteoinduction, in bone healing, 24
Osteosarcoma

etiopathogenesis of, 678
of hand and wrist, 590, 590f

Osteosynthesis, in hand replantation and revascularization,
565

Osteotomy(ies). See also specific type, e.g., Dentoalveolar
osteotomy.

for asymmetric nasal bones, 303
in primary rhinoplasty, 297, 297f

Otoplasty
complications of, 101
for prominent ears, 99, 100f

Overbite, 151, 152f
Overgrowth deformities, 637-638, 637t
Overjet, 151, 152f
“Overshooting,” in sedation, 28
Oxford design, in cleft palate surgery, 471, 472f
Oxygen saturation, in sedation, 30

P
Pain, myofascial, in temporomandibular joint disease, 146
Palate

cleft. See Cleft palate. 
hard, function of, 470
insufficiency of. See also Velopharyngeal insufficiency. 

nasoendoscopic assessment of, 477, 478t
speculum assessment of, 477, 477t
videofluoroscopic assessment of, 478, 478t

poorly functioning, with satisfactory lateral wall movement,
midline pharyngeal flap for, 479, 481

re-repair of, for velopharyngeal insufficiency, 478-479
short, with satisfactory function and lateral wall movement,

sphincter pharyngoplasty for, 479, 480f
soft, 470

Palmar arch, deep, 619
Papulosis, bowenoid, 40

Paralysis, facial. See Facial paralysis.
Parascapular flap, for craniofacial soft tissue contour

deformities, 204-207, 205f-206f
donor site for, 205

Paraspinous flap, in posterior trunk reconstruction, 375
Parkes Weber syndrome, 57, 637-638
Parkland formula, for fluid resuscitation, of adults, 72, 

73t
Paronychia, 641f, 643
Parotid gland, 223

lacerations of, 227
Parotid-masseteric fascia, in facial rejuvenation procedures, 

276
Pasteurella multocida

in animal bite infections, 645
in cat bite infections, 227

Pectoral nerve, medial, in suprascapular nerve reconstruction,
572

Pectoralis major flap, in chest wall reconstruction, 364
Pediatric patients. See Children.
Pedicle flap. See also Bipedicle flap.

distant, 9
for traumatic foot wounds, 674
for vermilion defects, 130, 130t

Pedicle technique, of breast reduction
circumareolar central, 408, 409f
inverted “T” inferior, 408, 409f
medial vertical reduction, 405, 406f-407f, 407-408
vertical superior, 408, 409f

Penetrating trauma
physics of, 220
to neck, 222
to nerves, repair of, 569-570
to perineum, causes of, 435

Penicillin, for hand infections, 641t
Penicillin G, for cellulitis, 68
Penile chordee, 425

repair of, 427
Penile fracture, after blunt trauma, 435, 436f
Penile reconstruction, posttraumatic, 437
Perforator flaps, 14

in microsurgical breast reconstruction, 358
Pericranial flap, for full-thickness scalp loss, 93
Perilunate instability, progressive, 543. See also Carpal bones,

fracture/dislocation of.
Perineum, posttraumatic deformities of

diagnostic studies of, 435
etiopathogenesis of, 435, 436f, 436t
patient assessment in, 435
qualitative, 436
quantitative, 436
treatment of, 436-439

goals in, 436
pearls and pitfalls in, 439
penile reconstruction in, 437
reconstruction principles in, 436-437, 437f
scrotal reconstruction in, 438-439, 439f
urethral reconstruction in, 438, 438f
vulvar reconstruction in, 438-439

Periorbital hemangioma, 55
Peripheral nerves. See specific nerve.

compression of. See Nerve compression, peripheral. 
injury to. See Nerve injury, peripheral. 

Periungual wart, 39
Peroneal artery, 668, 669f
Peroneal nerve, 668

compression of, surgical treatment of, 616
Phalangeal fractures, proximal

at base, 551
at condyle, 552-553
at shaft, 551-552, 552f

Phalen’s sign, in carpal tunnel syndrome, 614
Pharyngeal flap, midline, for poor palatal function with

satisfactory lateral wall movement, 479, 481
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Pharyngoplasty, sphincter, for short palate with satisfactory
function and lateral wall movement, 479, 480f

Pharynx
anatomy and physiology of, 172-173, 173f
cancer of

diagnosis of, 173
pearls and pitfalls in, 175
postsurgical care in, 175
treatment of, 173-174, 174f

Philtral defects, upper lip, reconstruction of, 133
Photodamage, cutaneous manifestations of, 324

treatment of. See Botox; Laser skin resurfacing; Soft tissue
augmentation. 

Physical therapy
for lymphedema, 68
for rheumatoid arthritis of hand, 595

Pilar cyst, 43
Piriformis muscle, identification of, in gluteus maximus

dissection, 386-387
Pirogoff ’s amputation, 653
Pituitary gland

endoscopic transnasal approach to, 177
surgical anatomy of, 177-178

Pivot flap, classification of, 15-17, 16f-17f
Plagiocephaly, unilateral, 483

differential diagnosis of, 483, 484f
Plantar artery, 668, 669f
Plantar heel, defects of, surgical treatment for, 675
Plantar melanoma, 49-50
Plantar nerve, 668
Plantar warts, 39
Plasmatic inbibition, in graft survival, 12
Plastic surgery

history of, 3-4
principles of, 4-6
uniqueness of, 4

Plate fixation, of metacarpal shaft fractures, 548, 549f
Platysma muscle, in facial rejuvenation procedures, 276
Pneumatic compression devices, for lymphedema, 68
Pneumocephalus, in midface fracture, 237
Poland’s syndrome, 352, 372

breast reconstruction for, 353, 354f
chest wall reconstruction for, 365-366

Polydactyly, 625-628
causes of, 626
thumb, Iowa classification of, 625, 626t
treatment of, 626-628

Iowa types I and II, 627
Iowa types III and IV, 627
Iowa types V, VI, and VII, 627-628
principles in, 627, 627f

ulnar, classification of, 627t
Poly-L-lactic acid, in soft tissue augmentation, 332
Polyps, fibroepithelial, 40
Posterior trunk defects, 372-382. See also specific defect.

acquired, in adults, 373
congenital, 372-373, 373t
reconstruction of, 373-376

complications of, 381
gluteus maximus flap in, 373f, 375-376
in spina bifida, 377-380, 377t, 378f-380f
latissimus dorsi flap in, 375
microvascular free flaps in, 381, 381f
omental flap in, 376, 376f
paraspinous flap in, 375
pearls and pitfalls in, 381-382
regional flap approach to, 380-381
role of tissue expansion in, 381
surgical goals in, 376-377
systematic regional approach to, 373-376, 373t
trapezius flap in, 374-375, 374f

Power-assisted liposuction, 417. See also Liposuction.
Predictive Salvage Index (PSI), 651
Prednisolone, for hemangioma, 55

Premaxillary malpositioning, in cleft lip deformity, 
454

Preputial flap urethroplasty, for hypospadias, 427, 430, 
430f

Pressure sores
diagnostic evaluation of, 384-385
etiopathogenesis of, 383-384
ischial, treatment of, 387-388
pathogenesis of, 383
sacral, treatment of, 386-387, 386f
stages of, 384
treatment of

goals in, 385
nonsurgical, 385
pearls and pitfalls in, 388
postoperative care in, 388
soft tissue débridement in, 385-386
surgical, 385-388
wound closure in, 386-388

trochanteric, treatment of, 388
Pressure therapy, for hypertrophic and keloid scars, 62
Procerus muscles, in facial rejuvenation procedures, 276
Prognathism, 151
Progressive hemifacial atrophy, 203, 204
Prolabial abnormalities, in cleft lip deformity, 454
Prosthesis

auricular, 209, 209f-210f
cleft palate, 212
cranial, 211
craniofacial and maxillofacial, 208-213. See also Craniofacial

prosthesis; Maxillofacial prosthesis. 
facial, 211
for hand and digits

active, 561-562
passive, 562

for proximal finger amputations, 560-561
gold weight, for paralyzed eyelid, 198
life span of, 212-213
mandibular resection, 212
nasal, 210-211
obturator, 211-212, 211f
ocular, 210
orbital, 210, 210f
overdenture, 212
partial-denture, 212
permanent, in abdominal wall reconstruction, 369
speech bulb, 212

Proteus syndrome, classification of, 637t
Proximal interphalangeal joint

arthrodesis of, for rheumatoid hand, 598-599
dislocation of, 553
extention and flexion of, limitation of, 602t

Pruzansky classification, modified, of mandibular deformity,
506, 508f

Pseudocyst(s), 43-44. See also Cyst(s).
Psychoactive agents, causing gynecomastia, 414t
Ptosis

brow, treatment of, 285
eyelid

management of, 267
postoperative, 289

Pulley system, of flexor tendons, 525, 526f
Pupil(s), assessment of, in trauma patient, 220-221
Pyogenic arthritis, 645-646
Pyogenic granuloma, 43, 43f

Q
Quad procedure, for obstetric brachial plexus injury, 581, 

582f
Quadrantectomy, for breast cancer, 347. See also Breast cancer,

breast-conserving surgery for.
Quadriga syndrome, 558



704 —— Index

R
Radial artery, anatomy of, 619
Radial (deficiency) clubhand, 629-630

classification of, 629t, 630t
degree of deformity in, 630
surgical treatment of, 630, 631f-633f

Radial forearm free flap
for diabetic/ischemic lower limb, 663
in total lower lip reconstruction, 132

Radial nerve, compression of, surgical treatment for, 
615-616

Radiation therapy
damage caused by, 362
for basal cell carcinoma, 51
for head and neck cancer, 87-88
for keloids, 63
postoperative, for breast cancer, 350

Radiographic studies
of brachial plexus injury, 577
of frontal bone fracture, 231-232
of mandibular deformities, 137-138
of mandibular fractures, 251
of midface fracture, 237
of oral cavity cancer, 168

Radionuclide imaging, of upper extremity vascular insufficiency,
620

Radius
agenesis of, centralization procedure for, 631f
distal, fractures of, 539-540

classification of, 540
treatment of, 540-542, 541f

dysplasia of, distraction techniques for, 631f
giant cell tumor of, 555f, 584

Radix
overprojected, secondary rhinoplasty for, 302, 302f
underprojected, secondary rhinoplasty for, 302, 306f-308f
underresected, 299, 300f

Random-pattern flap, blood supply to, 13-14, 13f
delay phenomenon in, 13

Ray amputation, 560. See also Amputation.
alternatives to, 560-561
considerations in, 561
for malignant tumors, 586, 589, 589f

Raynaud’s disease, 618
connective tissue disease associated with, 667-668

Raynaud’s phenomenon, conditions associated with, 618-619
Raynaud’s syndrome, 618
Reconstruction plates, with or without soft tissue, for

mandibular deformities, 140
Rectangular advancement flap, 15, 16f
Rectus abdominis muscle, 368, 368f
Rectus abdominis myocutaneous flap

for acquired vaginal defects, 443-444, 444f
for cheek defects, 125
in chest wall reconstruction, 364-365, 365f

Rectus femoris flap, in abdominal wall reconstruction, 370
Reduction genioplasty, for chin with horizontal and vertical

excess, 322, 322f
Reflex(es), pupillary, in trauma patients, 220-221
Regional flap

in mandibular reconstruction, 140
in oral cavity reconstruction, 169
in posterior trunk reconstruction, 380-381

Rehabilitation
following flexor tendon repair, 529-530
following mutilating lower extremity injury, 656

Replantation
and revascularization, of amputated hand, 563-567. See also

Hand, replantation and revascularization of. 
of amputated lower limb, 651-652

Respiratory care, in burn patient, 75
Respiratory failure, acute, in burn patients, 76
Respiratory status, in infant with craniofacial microsomia,

assessment of, 515

Resurfacing skin techniques, 324, 328-330, 328f-329f
CO2 lasers in, 328, 329
erbium-YAG lasers in, 328, 329-330
in lower lid blepharoplasty, 287
postoperative management of, 330

Resuscitation, fluid
for burn patient, 72-73, 73t
for trauma patient, 219

Retinacular ligament, oblique, reconstruction of, for swan neck
deformity, 598

Retinoids, for hypertrophic and keloid scars, 63-64
Retrognathia, 151
Retromastoid approach, endoscopic, to skull base, 181-183,

181f-183f
Retroorbicularis orbital fat, resection of, 285
Revascularization

of upper extremity amputated parts, 622
replantation and, of amputated hand, 563-567

Reversal agents, intraoperative use of, 31-32
Rheumatoid arthritis

classification of, revised criteria for, 593t
of hand

diagnostic studies in, 593-594, 593t, 594t
etiopathogenesis of, 592
pathologic anatomy in, 593, 593t, 594f
treatment of, 594-600

goals in, 594
interphalangeal/metacarpophalangeal joint arthrodesis of

thumb in, 599-600
medical, 594-595
metacarpophalangeal joint replacement arthroplasty in,

598
oblique retinacular ligament reconstruction in, 598
pearls and pitfalls in, 600
physical therapy in, 595
postoperative care in, 600
proximal interphalangeal joint arthrodesis in, 598-599
tendon reconstruction in, 598
ulnar head excision in, 595-596, 595f
wrist arthrodesis using contoured plate in, 596
wrist implant replacement arthroplasty in, 596-598, 

597f
of temporomandibular joint, 147

Rheumatoid factor, 593t
Rheumatoid nodules, 593t
Rhinoplasty

primary, 290-298
aesthetically problematic nasal anatomy and, 290-291
anesthesia for, 293
closure in, 297-298
diagnostic studies prior to, 291-292, 291f-292f
dorsal reduction in, 294
exposure in, 293-294
goals of, 293
nasal tip surgery in, 295-297, 295f-297f
osteotomies in, 297, 297f
pearls and pitfalls in, 298
septoplasty in, 294-295, 294f-295f
surgical approach to, 293, 293f

secondary, 299-312
aesthetically problematic nasal anatomy and, 299-301,

300f, 301f
complications of, 305, 312
diagnostic studies prior to, 301
for alar base abnormalities, 305
for asymmetric nasal bones, 303
for columellar retraction, 305
for depressed nasal bones, 303
for excessive caudal columellar protrusion, 305
for lower lateral cartilage collapse, 305, 309f-311f
for medial crura footplate abnormalities, 305
for nasal spine abnormalities, 305
for nasal tip deformities, 304-305, 306f-308f
for overprojected radix, 302, 302f
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Rhinoplasty (continued)
for overresected dorsum, 302-303, 309f-311f
for residual dorsal hump, 302
for supratip deformity, 304
for underprojected radix, 302, 306f-308f
for upper lateral cartilage collapse, 303, 303f-304f
goals of, 301
pearls and pitfalls in, 312
postsurgical care in, 305

Rhinorrhea, cerebrospinal fluid, in midface fracture, 237
Rhomboid flap, 16-17, 17f-18f
Rib, harvesting of, for grafting, 25, 26f
Rib bone graft

for autogenous cranioplasty, 97
for nasal support, 97

Rib cartilage graft
for large helical rim defect, 102, 102f
in ear reconstruction, 23, 23f

Ring finger amputation, 560. See also Amputation.
Rodent ulcer, 50
Romberg’s disease, 203, 204

surgical treatment of. See Parascapular flap. 
Rotation flap, 9, 15, 16f. See also specific type, e.g., Karapandzic

flap.
for ischial pressure sores, 387-388, 387f

Rubens flap, in microsurgical breast reconstruction, 358
Rule of nines, in estimation of burn injury, 72, 72f

S
Sacral defect, regional flap approach to, 373t, 381
Sacrococcygeal teratoma, 373
Sacrum, pressure sores at, treatment of, 386-387, 386f
Saddle nose deformity, 290
Sagittal band

in centralization of extensor tendons, 531-532, 533f
injury to, 535-536

Sagittal fractures, of maxilla, 246, 248f
Sagittal split osteotomy

bilateral, 156, 159f
in craniofacial microsomia, 514, 515f

Sagittal synostosis, correction of, 487-488, 487f
goals in, 485t

Saline-filled breast implant. See also Breast implants.
rupture of, 397, 399

Salivary glands
malignant tumors of, 167
parotid, 223

lacerations of, 227
Salvage

of mutilated lower limb, 655
vs. amputation, 652-653, 653f

of upper limb, with hand and wrist tumors, 590-591
Sarcoma(s). See also specific type.

etiopathogenesis of, 678
of hand and wrist, 589

Scalp
anatomy of, 92
defects of

etiopathogenesis of, 92
nontraumatic, reconstruction of, 96
postablative, reconstruction of, 96-97, 98f
posttraumatic, repair of, 93, 94f-95f
reconstruction goals for, 93

giant nevi of, treatment of, 519
musculature of, 194, 195t

Scalp flaps, for denuded calvaria, 93, 94f
Scalp loss

full-thickness, 93
partial-thickness, 93

Scaphocephaly, 482
Scaphoid fractures, 542

treatment of, 542-543

Scapular free flap, in mandibular reconstruction, 138t, 
141

Scar(s). See also Hypertrophic scar; Keloid.
after face lifts, 281
unfavorable, avoidance of, 9-10
variables associated with, 10

Schuchardt procedure, for open bite deformity, 156, 158f
Scleroderma, soft tissue atrophy with facial involvement in, 

203
Screw fixation

lag
of metacarpal shaft fractures, 546, 547f
of phalangeal shaft fractures, 552

of onlay implants, 341, 341f
Scrotum, posttraumatic reconstruction of, 438-439, 

439f
Sebaceous hyperplasia, 41
Seborrheic keratoses, 37, 38f
Second-degree burns, 71
Sedation

conscious, 28
contraindications to, 29
procedures amenable to, 29, 29t

deep, 28
oxygen saturation in, 30

Sella turcica, surgical anatomy of, 177-178
Sensory nerves, of foot and ankle, 669
Sentinel node

biopsy of
in head and neck cancer, 89-90
in melanoma, 47-48

definition of, 349
identification of, 350

Sepsis, in burn patients, 76
Septal cartilage, harvesting of, 23
Septoplasty, in primary rhinoplasty, 294-295, 294f-295f
Serratus flap, in chest wall reconstruction, 365
Short palate. See also Palate.

with satisfactory function and lateral wall movement,
sphincter pharyngoplasty for, 479, 480f

Short-scar technique, of face lift, 280
Shoulder abduction reconstruction, using nerve transfers, 571-

572, 572f
Silicone chin implant, 321, 321f
Silicone facial implant, 340, 340t
Silicone gel dressings, for hypertrophic and keloid scars, 63
Silicone gel–filled breast implant. See also Breast implants.

rupture of, 397, 398f
Singapore flap, for acquired vaginal defects, 442-443, 442f

Woods modified, 443, 443f
Single-digit amputation. See also Amputation.

replantation after, 563
contraindications to, 558

Single-hair grafts, 333
Skate flap, in nipple-areola reconstruction, 358
Skier’s thumb, 548, 550
Skin

adequate coverage of, in hypospadias repair, 430, 433f
aging of, 273, 274f
congenital absence of, 372
defects of

assessment of, 11
in incomplete amputation, 650

reconstruction of, 680
of abdominal wall, 367
photodamage to, 324

treatment of. See Botox; Laser skin resurfacing; Soft tissue
augmentation. 

resurfacing of. See Resurfacing skin techniques. 
sloughing of, after face lifts, 281

Skin graft(s), 11-13
cadaveric. See Allograft(s); Xenograft(s). 
choice of, 11
classification of, 11
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Skin graft(s) (continued)
donor sites for, 11-12
for facial burns, 189-190
for plantar wounds, 672, 673f

donor sites for, 672-673
full-thickness. See Full-thickness skin graft. 
harvesting technique of, 12
in mandibular reconstruction, 139-140
loss of, in burn patients, 76
meshing of, 12
split-thickness. See Split-thickness skin graft. 
survival of, factors influencing, 12

Skin lines of minimal tension, incisions in, 6, 6f
Skin substitutes, biologic, 13
Skin tags, 40
Skin tightness, in facial burn deformities, 188
Skin tumors

benign, 37-44. See also specific type.
etiopathogenesis of, 678
malignant, 45-52. See also Basal cell carcinoma; Melanoma;

Squamous cell carcinoma. 
of nose, 117

Skin type, scarring and, 10
Skull base

anatomic topography of, 176, 176f
surgery of

endoscopic retromastoid approach to, 181-183, 181f-183f
endoscopic supraorbital approach to, 179-180, 179f
endoscopic transglabellar approach to, 180, 180f
endoscopic transnasal craniotomy in, 180, 181f
goals in, 179
pearls and pitfalls, 183
transoral approach to, 181, 181f

surgical anatomy of, 176-179
tumors of, 176

Sleep apnea, sphincter pharyngoplasty causing, 481
Sliding genioplasty, for chin advancement, 321-322, 322f
Slings, static, for facial drooling, 200
Small joint contracture, etiopathogenesis of, 601, 602t

pathologic anatomy in, 601-602
SMAS/platysma flap, in face lifts, 279
Soft palate. See also Palate.

defects of, 470. See also Cleft palate. 
Soft tissue

craniofacial contour deformities of, 203-207. See also
Craniofacial soft tissue, contour deformities of. 

débridement of, pressure sores and, 385-386
defects of, reconstruction of, 680
facial, injury to, 223-230. See also Facial soft tissue injury. 
in craniofacial microsomia

OMENS classification of, 510t
pathology of, 509, 509f, 511f

of mutilated lower extremity, reconstruction of, 655-656
Soft tissue atrophy

after mandibular reconstruction, 143
with facial involvement, connective tissue disorders resulting

in, 203
Soft tissue augmentation, 330-332

allogeneic human collagen in, 331
filling agent(s) in, 327

Autologen as, 331
Isolagena as, 330-331

injectable bovine collagen in, 330
lipocytic dermal, 331
lipotransfer, 331
synthetics in, 331-332

Soft tissue infection. See also Pressure sores.
bacteria in, 384

Soft tissue sarcoma, etiopathogenesis of, 678
Soft tissue tumors, of hand and wrist

benign, 587-588, 587f
malignant, 589

Solar lentigines, 42
Sores, pressure-induced. See Pressure sores.

Spasms, muscle, medical treatment of, 385
Speech bulb prosthesis, 212
Speech disorders

assessment of, protocol in, 476
associated with cleft palate, 475-476
nonoperative treatment of, 476-477

Speech therapy, for cleft palate, 476
Sphenoid sinus, surgical anatomy of, 177
Sphincter pharyngoplasty, for short palate with satisfactory

function and lateral wall movement, 479, 480f
Spina bifida, 372

reconstructive surgical procedures for, 377-380
coverage of spinal cord in, 377, 378
documented methods of, 377t
en-bloc advancement flaps in, 379, 380f

advantages of, 379-380
musculocutaneous flaps in, 378
skin flaps in, 378, 378f-379f
soft tissue coverage in, 377

Spina bifida occulta, 372
Spinal cord

coverage of, in spina bifida procedures, 377, 378
desiccation of, prevention of, 377
injuries to, 218

Spine
cervical, immobilization of, 218
nasal, abnormalities of, secondary rhinoplasty for, 305

Splay grafts, for mucoperichondrium elevation, 303, 304f
Splint(s)

for distal radial fractures, 540
for extensor tendon repair

of zone 1 injury, 534
of zone 3 injury, 534-535

for flexor tendon rehabilitation, 530
for mandibular fractures, 253-254
for thumb metacarpophalangeal dislocation/fracture, 550
for zone 1 extensor tendon injury, 534

Split-thickness skin graft, 8
for burns, 74

to face, 189
for myelomeningocele defects, 377-378, 379f
harvesting of, 12

Squamous cell carcinoma, 51-52
differential diagnosis of, 51
etiopathogenesis of, 678
in situ, 37
of head and neck, 79. See also Head and neck, cancer of. 

genetic changes in, 80t
of lower lip, 129
of oral cavity, 81-82, 81f-82f. See also Oral cavity, cancer of. 

TNM staging of, 85-86, 86f, 86t, 167t
of tongue, 166

prognosis for, 170
pathogenesis of, histologic changes in, 80, 80f

Staphylococcus
in breast implant infections, 398-399
in human bite infections, 645

Stasis zone, in burns, 71
Static sling, for facial drooling, 200
Steiner line, of chin projection, 319
Stenor lesion, 550
Stenstrom technique, in creation of antihelical fold, 99
Stents, nasal, 211
Step reconstruction method, for lower lip defect, 131, 131f
Steroids, intravenous, for cervical spine injury, 218
Stewart-Treves syndrome, as complication of lymphedema, 

70
Stigmata, of facial burns, 190, 190t
Stockings, compression, for lymphedema, 67
Streptococcus, in human bite infections, 645
Streptokinase, 621
Structural defects, reconstruction of, 22-27

alloplastic material in, 22
autogenous material in, 22
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Structural defects, reconstruction of (continued)
bone as, 24-25, 25f-27f. See also Bone graft(s). 
cartilage as, 22-23, 23f. See also Cartilage graft(s). 

distraction technique in, 25
pearls and pitfalls in, 24, 27

Sturge-Weber syndrome, 57
Subaponeurotic space, dorsal, infection of, 643-644
Submental region, dissection and undermining of, in face lifts,

277, 279
Subtarsal incision, in orbitozygomatic surgery, 265
Subungual melanoma, 49
Superficial fascial system, of abdominal wall, 367-368
Superficial inferior epigastric artery (SIEA) flap, in

microsurgical breast reconstruction, 358
Superior gluteal artery perforator flap, in microsurgical breast

reconstruction, 358
Superior gluteal flap, in microsurgical breast reconstruction,

358, 359f-360f
Supraclavicular incision, in exploration of brachial plexus

injury, 577-578
Supraorbital approach, endoscopic, to skull base, 179-180, 

179f
Supraorbital fractures, 249-250. See also Orbital fractures.
Supraorbital rim, prominent, correction of, 285
Suprascapular nerve, reconstruction of, 571-572
Supratarsal fold, inadequate, 285
Supratip deformity. See also Nasal tip.

examination of, 300
secondary rhinoplasty for, 304

Sural nerve, 668
Surgical excision

for lymphedema, 68-69
of basal cell carcinoma, 51
of burn wounds, 74
of cutaneous cyst, 44
of hemangioma, 55
of keloids, 63
of melanoma, margins in, 46, 47t
of squamous cell carcinoma, 51-52

Suture(s)
Bunnell, in flexor tendon repair, 527
Modified Becker, in flexor tendon repair, 527, 528

Suture material, in flexor tendon repair, 528
Suture technique(s), 6-8, 7f

in extensor tendon repair, 533-534
V-Y advancement, 8, 9f
W-plasty, 8, 8f
Z-plasty, 6-8, 7f

Swallowing
difficult, 172
sequential stages of, 172-173

Swan neck deformity, 537
oblique retinacular ligament reconstruction for, 598

Symbrachydactyly, 636-637
classification of, 636t

modified, 637t
double-toe transfer for, 634, 634f

Syme’s amputation, 653, 653f, 676
Sympathectomy, for vasospasm, 622
Syndactyly, 627f, 628-629

classification of, 628t
Synechiae, causing nasal airway obstruction, 317
Synkinesis, 197
Synostoses. See Craniosynostoses; specific type.
Synovectomy, for rheumatoid hand, 595
Synovial cell sarcoma, of hand and wrist, 589
Synovial chondromatosis, of temporomandibular joint, 

148
Synovium, in rheumatoid hand, 592
Synpolydactyly, central, 629
Synthetic materials, in soft tissue augmentation, 331-332
Syringomyelocele, 372
Systematic regional approach, to posterior trunk

reconstruction, 373-376, 373t

T
Tamoxifen, for breast cancer, 351
TAR phocomelia, 630
Tarsal tunnel syndrome, 617
Tarsoconjunctival flap, in eyelid reconstruction, 111, 113, 

113f-115f
Tarsometatarsal (Lisfranc) amputation, 653, 675
Tarsorrhaphy, lateral, for paralyzed eyelid, 198
Tear trough deformity, correction of, 288
Teeth. See also Dental entries.

at alveolar cleft margins, 465
buccolingual relationship of, abnormalities in, 151, 153, 153f
fracture of, 254
loose, mandibular fracture resulting in, 254
primary, eruption of, alveolar cleft correction prior to, 466

Telangiectasia, in rhinoplasty patients, 299
Telecanthus, deformities of, repair of, 267, 268f
Telogen effluvium, 334
Telogen phase, in hair follicle life cycle, 333-334
Temporalis muscle, transfer of

for paralyzed eyelid, 198
for paralyzed upper lip and cheek, 199, 199f

Temporomandibular joint
anatomy of, 145, 146f
dislocation of, 254
disorders of

classification of, 145-146
diagnosis of, 146-148, 147f
nonsurgical treatment of, 148
pathophysiology of, 145
pearls and pitfalls in, 150
radiographic studies of, 148
surgical treatment of, 148-150, 149f

physical evaluation of, 146
replacement of, 150

Tendon(s)
exposed, coverage of, 681
extensor, 531-538. See also Extensor tendon entries.
flexor, 525-530. See also Flexor tendon entries.
infection of, management of, 642f
reconstruction of, for boutonnière deformity, 598, 599f

Tendon grafts, donor sites for, 528-529
Tendon sheath, giant cell tumor of, 587, 587f
Tenodesis, 603, 603f
Tenosynovitis, flexor, pyogenic, 644
Tension lines

minimal, incisions in, 6, 6f
tightened, in facial burn deformities, 188

Tensor fascia lata (TFL) flap
for trochanteric pressure sores, 388, 389f
in abdominal wall reconstruction, 370

Tenzel’s semicircular flap, in eyelid reconstruction, 110-111, 
111f

Teratogenic theory, of craniofacial microsomia, 506
Teratoma, sacrococcygeal, 373
Tessier classification, of craniofacial clefts, 492, 493f
Tetanus vaccine, for patient with contaminated wounds, 226
Thenar crease flap, for exposed fingertip bone, 556, 558f
Thenar space infection, 643
Thermal injuries. See also Burns.

to ear, 102
Thigh flaps, bilateral, in scrotal reconstruction, 439, 439f
Thigh lift, 422
Thiopental, for lidocaine-induced seizures, 33
Third-degree burns, 71
Thoracic defect, upper, regional flap approach to, 373t, 380
Thoracolumbar defect, regional flap approach to, 373t, 380-381
Thrombolytic therapy, 621
Thrombosis

after mandibular reconstruction, 143
digital artery, 621

Thumb
amputation of, 558-560. See also Amputation. 

alternatives to, 559-560, 559f
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Thumb (continued)
hypoplastic, 634-636

classification of, 635, 635t
treatment of, 635-636

in rheumatoid hand, 593t. See also Rheumatoid arthritis, of
hand. 

examination of, 594t
interphalangeal/metacarpophalangeal joint arthrodesis of,

599-600
metacarpal base fractures of, 544
replantation of, 563
skier’s, 548, 550
triphalangeal, classification of, 626t

Thumb polydactyly, Iowa classification of, 626t
Tibial artery, 668, 669f
Tibial fractures, classification of, 650, 650t
Tibial nerve, 668

compression of, surgical treatment of, 617
numerical grading scale for, 616t

Tinel’s sign
in carpal tunnel syndrome, 614
in neurilemmoma, 587

Tissue biopsy, in oral cavity cancer, 168
Tissue expansion, 17, 19-21

choice of expander and placement in, 20, 20f
complications of, 21
rate of, 20
role of, in posterior trunk reconstruction, 381
tissue gain in

estimation of, 20
maximizing, 20-21, 21f

Tissue loss, in diabetic foot, 661-662. See also Diabetic ulcers,
of lower limb; Foot, diabetic.

and no target bypass vessel, 663
infection-induced, 662, 662f
over target bypass vessel, 662-663
pressure-induced, 662

Toe transfer, 638
microvascular, for congenital amputations, 634, 634f
second, for radial clubhand, 630, 633f

Toe ulcers, surgical treatment for, 674
Tongue

action of, in swallowing, 172
anatomy of, 166f
squamous cell carcinoma of, 166

prognosis for, 170
Toxicity, of lidocaine, 33
Toxin, botulinum, 324-326. See also Botulinum toxin.
Tragus, preparation of, in face lifts, 277, 279
Transcolumellar incision, in rhinoplasty, 293, 293f
Transconjunctival incision, in orbitozygomatic surgery, 265
Transcutaneous incision, in orbitozygomatic surgery, 265
Transglabellar approach, endoscopic, to skull base, 180, 

180f
Transnasal craniotomy, endoscopic, 180, 181f
Transoral approach, to skull base, 181, 181f
Transoral resection, for oral cavity cancer, 169
Transplantation

hair, 333-336. See also Hair restoration. 
microvascular, in upper extremity, 622

Transposition flap, 9, 15, 17f
Transverse rectus abdominis myocutaneous (TRAM) flap

following giant nevus excision, 520
in breast reconstruction, 355

complications of, 360-361
microsurgical, 356, 356f-357f, 358
pedicled, 355-356
with replacement implant, 401, 402

“Trapdoor” deformity, of face, 224
“Trapdoor” fracture, in children, 259, 259f
Trapezius flap

in chest wall reconstruction, 365
in posterior trunk reconstruction, 374-375, 374f

Trauma. See also at anatomic site, e.g., Head and neck, trauma
to; specific trauma, e.g., Fractures.

physics of, 220
Trichloroacetic acid, for genital warts, 39
Trigeminal nerve (V), injury to, repair of, 227
Trigger finger syndrome, 533
Trigonocephaly, 482
Triphalangeal thumb, classification of, 626t
Trochlear nerve (IV), 178
Trunk

giant nevi of, treatment of, 519-520
posterior, defects of, 372-382. See also Posterior trunk

defects. 
Tuberous breast deformity, 352

reconstruction for, 353
Tubing, for liposuction, 417
Tubular implant, in upper lip augmentation, 341, 341f
Tubular necrosis, acute, in burn patients, 76
Tumescent solution, for liposuction, 418
Tumor, node, metastases (TNM) staging

of head and neck cancer, 85-86, 86f, 86t
of melanoma, 46t
of oral cavity cancer, 167t

Tumor(s). See also Cancer; specific tumor, e.g., Hemangioma.
etiopathogenesis of, 678
of abdominal wall, 367
of bone

benign, 588-589, 588f
cortical expansion of, 584, 588f
malignant, 589-590, 589f-590f

of skin
benign, 37-44
malignant, 45-52

of skull base, 176
of soft tissue

benign, 587-588, 587f
malignant, 589

of temporomandibular joint, 148
Turbinate hypertrophy, causing nasal airway obstruction,

treatment of, 316-317, 317f

U
Ulcers

decubitus. See Pressure sores. 
diabetic, of lower limb, 658-664. See also Diabetic ulcers, of

lower limb. 
forefoot, treatment of, 674-675
mal perforant, 659
Marjolin’s, 51
rodent, 50
under metatarsal head, treatment of, 674

Ulnar artery
anatomy of, 619
aneurysm of, 622

Ulnar deficiency, classification of, 630t
by first web space, 630t

Ulnar head, excision of, in rheumatoid hand, 595-596, 595f
Ulnar nerve

compression of
nonsurgical treatment of, 614-615, 616f
surgical treatment of, 616

numerical grading scale for, 615t
reconstruction of, 572

Ultrasonography
Doppler, of upper extremity vascular insufficiency, 620
of hemangioma, 54

Ultrasound-assisted liposuction, 417. See also Liposuction.
Unicoronal synostosis, surgical treatment of, 485, 486f

goals in, 485t
Unilateral lambdoid synostosis, surgical correction of, 487

goals in, 485t
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Upper extremity. See Extremity(ies), upper; specific part.
Urethra, posttraumatic reconstruction of, 438, 438f
Urethroplasty, for hypospadias

meatal-based, 427, 429f
preputial flap, 427, 430, 430f

Urogenital deformity(ies)
congenital, 425-434. See also specific defect, e.g., Hypospadias. 
posttraumatic, 435-439. See also specific organ.

Urokinase, 621

V
VACTERL association, 630
Vacuum-assisted closure (VAC) device, 670, 671f
Vacuum-assisted closure (VAC) dressing, 12
Vagina

acquired defects of, 441-446
gracilis myocutaneous flap for, 444, 445f, 446
pearls and pitfalls in, 446
rectus abdominis myocutaneous flap for, 443-444, 444f
Singapore flap for, 442-443, 442f

Woods modified, 443, 443f
congenital agenesis of, full-thickness skin grafts for, 441, 442f

Vascular insufficiency. See also specific disorder.
of upper extremity

causative factors in, 618-619, 619t
diagnostic studies in, 619-620
pearls and pitfalls in, 624
postoperative care for, 624
treatment of

nonsurgical, 623-624
surgical, 620-623

Vascular malformations
capillary, 56-57
etiopathogenesis of, 56
histopathology of, 56
lymphatic, 57-58
of upper extremity, 629
reconstruction of, 680

Vascular repair, in hand replantation and revascularization, 566
Vascular tumors, benign, 43, 43f
Vaughn-Jackson lesion, 595
Veau flap, in palatal repair, 478
Velopharyngeal insufficiency

diagnostic studies of, 477-478, 477t
pathologic anatomy in, 475-477
treatment of

algorithm for, 476f
complications of, 481
fistula closure in, 478
midline pharyngeal flap in, 479, 481
palatal re-repair in, 478-479
pearls and pitfalls in, 481
sphincter pharyngoplasty in, 479, 480f

Venous anastomosis, in hand replantation and
revascularization, 566

Venous grafts, in arterial reconstruction, 621
Venous injury, assessment of, in incomplete amputation, 650
Venous malformation, 56
Venous system, arterialization of, 622, 623f
Vermilion defects, treatment of, 130, 130t
Verruca vulgaris (common wart), 39, 39f
Verrucous carcinoma, of oral cavity, 166. See also Oral cavity,

cancer of.
Vertical maxillary deficiency, 151
Vertical maxillary excess, 151
Vertical rectus abdominis myocutaneous (VRAM) flap, in

abdominal wall reconstruction, 370
Vertical superior pedicle technique, of breast reduction, 408,

409f
Vertical/oblique osteotomy, 156, 159, 159f
Vestibulocochlear nerve (VIII), 178-179

Videofluoroscopy, of palate, 478, 478t
Virchow’s law, 482
Vision

double, in midface fracture, 236
loss of

after blepharoplasty, 288
in posttraumatic orbital deformities, 269

Von Langenbeck design, in cleft palate surgery, 471, 472f
Vulva, posttraumatic reconstruction of, 438-439
V-Y advancement flap, 8, 9f, 14-15, 15f

for perineal injuries, 437

W
Warts

common, 39, 39f
flat, 39
genital, 39-40, 40f
periungual, 39
plantar, 39
refractory, treatment of, 40

Web creep, prevention of, 628
Web space

first
classification of ulnar deficiency by, 630t
four-flap Z-plasty of, 559, 559f
maintenance of adequate, 560

infection of, 644
Wedge resection, for melanoma of ear, 102, 102f
Whitlow, herpetic, 641f, 643
Wise skin resection patterns, in breast reduction, 405, 406f-

407f, 407-408
Woods modified Singapore flap, for acquired vaginal defects,

443, 443f
Wound(s)

closure of
delayed primary, 672
in face lifts, 279-280
in hand replantation and revascularization, 566
in pressure sore treatment, 386-388
in primary rhinoplasty, 297-298

distribution of, in diabetic foot, 659-660. See also Foot,
diabetic. 

healing of, by secondary intention, 672
infection of

after mandibular reconstruction, 143
after nasal reconstruction, 123
after neck dissection, 90

Wound dressings, for burns, 73-74
W-plasty, 8, 8f

for perineal injuries, 437
Wrinkles, superficial, 327

treatment of. See Botox; Laser skin resurfacing; Soft tissue
augmentation. 

Wrist
amputation through, 561. See also Amputation. 

replantation following, 564
extensor tendons at, 531, 532f
fractures of, 543-544

K-wire fixation of, 544, 545f
implant replacement arthroplasty of, in rheumatoid hand,

596-598, 597f
rheumatoid arthritis of, 593t. See also Rheumatoid arthritis,

of hand. 
examination of, 594t
joint arthrodesis using contoured plate in, 596

tumors of, 584-591. See also specific tumor.
diagnostic studies of, 584-585, 585f
histologic grade and characteristics of, 584t
treatment of

limb salvage in, 590-591
reconstructive goals in, 586
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X
Xanthelasma, 42
Xenograft(s), 12-13

for foot and ankle wounds, 672
Xerostomia, therapy-induced, 90

Y
Yotsuyanagi flap, for upper lip defect, 133-134

Z
Zone of coagulation, in burns, 71
Zone of stasis, in burns, 71

Z-plasty, 6-8, 7f, 15, 17f
double

for myelomeningocele defects, 378, 378f
for postburn perineal webbing, 437, 437f

for constriction ring syndrome, 633
for facial burn deformities, 189
four-flap, of first web space, 559, 559f

Zygoma, fracture of, 243-245
complex, 244-245, 244f-245f
in children, 259-260
incomplete, 244

Zygomatic arch, isolated fractures of, 244
Zygomatic ligament, in facial rejuvenation procedures, 

276
Zygomaticofrontal suture, fractures displaced at, anterior

approach to, 244, 244f
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