


Preface

The purpose of this book is to provide an educational resource for residents and
practicing physicians to use in preparing for board examinations and patient care.
The book was written to provide a comprehensive yet practical review of all aspects
of facial plastic surgery, including basic knowledge; reconstructive surgery for con-
genital, traumatic, and postsurgical facial and neck defects; evaluation and manage-
ment of the traumatized patient; and facial cosmetic surgery. Each chapter begins
with a basic review of knowledge and builds upon this knowledge base to present
more comprehensive information and advanced concepts. Each chapter is thoroug-
hly referenced and multiple figures are provided to add to the understanding of the
text. The chapters are written by a variety of colleagues from within the specialties of
otolaryngology–head and neck surgery, oculoplastic surgery, plastic surgery, oral
and maxillofacial surgery, dermatology, and facial prosthetics. The chapters have
been thoroughly edited and referenced to meet the goals of the book in a consistent
presentation.

This book began as an attempt to impart relevant basic and advanced infor-
mation on subjects in facial plastic and reconstructive surgery to otolaryngology–
head and neck surgery residents in training. Many of these residents felt that an
organized text to study facial plastic surgery that included all aspects of this specialty
including cosmetic, reconstructive, and trauma surgery was needed. Indeed, I have
spoken to and assisted in the training of residents from all the specialties in facial
plastic surgery and they have voiced this same need. An inclusive text avoids redun-
dancy and has consistent organization and presentation. Since facial plastic surgery
encompasses an enormous volume of knowledge and expertise, many authors from a
variety of specialties have made significant contributions. I have made every effort to
edit the text to eliminate irrelevant information and include basic information to
orient the reader to the subject. This book is not intended to be a surgical atlas,
but multiple figures, tables, and glossaries are included to add to the understanding
of the text.

Special thanks goes to my illustrators: Dennis James Martin and George
Barile. Dennis provided a few figures initially before his untimely death. He was a
good friend and his photorealistic drawings were shown in galleries across the
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country. His drawings are flawless, incredibly detailed, and consummate in beauty. I
was without an illustrator for several months until I found George, who graciously
and enthusiastically took the torch. His excellent work is displayed throughout the
book. My sincere thanks and gratitude go to him and his staff. I gratefully acknowl-
edge the assistance of Kathy Jacobs and Lajuana King in helping sort through the
mountain of paperwork and revisions. I’m indebted to my contributing authors.
Of course, I am forever grateful for the inspiration and support from my mentor,
Dr. Sebastian Arena. Thanks go to my colleagues who have supported me in this
endeavor, especially Dr. Jesus Medina, who continues to provide me with insight
and guidance. Finally, this endeavor, as others, would be meaningless without my
wife, Janemarie, and my children, Alexander, Benjamin, and Kathryn.

Robert W. Dolan
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1
Facial and Skin Surface Analysis

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

BASIC AESTHETIC PHOTOGRAPHY

Equipment Guidelines

The basic equipment for portable aesthetic photography includes a 35mm single lens
reflex (SLR) camera body. A macro lens with a fixed focal length between 90 and
110mm is widely used (see below). The flash may be handheld or camera-mounted
approximately 12 inches above the plane of the lens; if the flash is too close to the
camera body, the skin’s surface landmarks tend to wash out and red eye becomes
more of a problem. Ring flashes are probably best avoided for these reasons. A vari-
ety of film types may be used and prints or slides are acceptable. Color film devel-
oped by the E-6 process or kodachrome slides developed by Kodak (providing
somewhat finer grain and less fading) are satisfactory.

For color pictures, the background elements should include a light blue nondis-
tracting fabric or screen; for black and white photography, a white background pro-
vides good contrast with skin tones. Keeping the patient a fixed distance of
approximately 4 feet from the background is essential in obtaining uniform pre-
and postoperative photographs.

Consistent image magnification is a concern and is calculated for 35mm film
oriented vertically as follows: measure (in cm) the top of the viewed object to the bot-
tom of the viewed object and divide by 3.6 cm; this value is the denominator of the
ratio of magnification given as 1: [value]. A magnification ratio of 1:9 is the accepted
magnification for the adult head (using a 105mm lens); 1:9 corresponds to a distance
of 3.8 feet from the lens to the subject.

Digital Photography

Digital photography begins with choosing a digital camera and computer interface.
This method has several differences from conventional SLR-based photography.
The advantages of digital photography over conventional methods include instanta-
neous results and quick archiving, the ability to enhance picture quality, and the
ability to change facial features (morphing) to assess the effects of the proposed sur-
gery. The major drawback of digital photography and conventional photography is
lack of image resolution and clarity. A digital image is composed of pixels or tiny
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dots of information expressed as the pixel resolution: width � height. Therefore, an
image with a resolution of 1024 � 768 will be 14.200 � 10.700 on a monitor at 72
dots=inch, and 1.400 � 1.100 on a printed page at 720 dots=inch. The pixel resolution
of a digital camera indicates the density of the image sensors in the camera chip. This
chip is very expensive and so the price of a good-quality digital camera is high. At the
present time, digital cameras are available that can deliver adequate resolution (e.g.,
1024 � 768) for under $1000. However, most of these systems lack the versatility of a
standard SLR camera with respect to lenses, control over the depth of field, and
lighting capabilities. These digital cameras are essentially point-and-shoot devices,
although lens attachments for close-up photography are available. Digital chip
inserts in place of conventional film in an SLR camera may be available in the near
future.

Once the images are recorded digitally, they must be downloaded into a soft-
ware program that can archive images seamlessly with the camera and, if desired, a
morphing program. A standard Pentium-based computer with at least 64 mega-
bytes of random-access memory will suffice. The digital images are usually
received into the computer as bitmaps and can be several megabytes in size.
Archiving these images would quickly deplete the hard drive’s storage space. An
alternative is to save them as compressed images of a few hundred kilobytes,
and the most popular mechanism is Joint Photographic Experts Group (JPEG)
compression, named after the original committee that wrote the standard. Some
image quality is lost after compression but this is not a serious problem with this
type of imaging application.

Another method to digitize images is to scan negatives, 35mm transparencies,
or photographs directly into the archiving and morphing software. The advantage of
this method is that the scanner’s resolution can be much greater (e.g., 2700
dots=inch) than a comparably priced digital camera, and a good-quality hard copy
of the original image is retained.

Digital photography and image manipulation may enhance a cosmetic surgical
practice by improving doctor–patient communication, resident education and train-
ing, and reducing overhead costs for conventional film processing and storage.
Despite these potential advantages, misuse of this tool can lead to significant expo-
sure to malpractice claims of implied contract and failure to instruct (1). Although
no cases directly related to computer imaging have arisen over the last 10 years, cases
resulting from preoperative consent issues are applicable to this technique. Courts
have found surgeons liable for specific statements regarding postoperative results.
Failure to achieve these results may provoke a claim of malpractice by failure to
honor an implied contract. A simple waiver stating that the physician does not guar-
antee a particular result does not insulate the physician from litigation if specific
statements regarding postoperative results were made. Failure-to-instruct claims
may arise from allegations that preoperative imaging failed to reveal an undesirable
or unexpected surgical outcome. This is analogous to describing only the benefits of
a surgical procedure without disclosing the risks.

To avoid litigation related to computer imaging, the rules of informed consent
must apply. Computer imaging should be combined with a signed consent outlining
the risks of and alternatives to the procedure. Try to convey the average result or less
favorable outcomes in the computer images presented to the patient. In the consent
form, a statement should be added regarding computer imaging and expected surgical

2 Dolan



results, since most courts do not question the validity of the signed consent form.
In addition, these computer images should be date-stamped or signed by the
patient and considered part of the medical record and should not be destroyed
or discarded: to do so creates a presumption of harm in malpractice claims.

MACROPHOTOGRAPHY

Macrophotography is the act of taking close-up pictures with a camera lens designed
to focus at very short distances with up to life-size magnification of the image.

Lens Options

The choice of lens depends upon the desired final picture quality and the antici-
pated distance from the object. The standard lens is a 50mm lens that allows an
infinity setting to focus on objects over 20 feet away. It is designed to reproduce an
image of similar scale and size to what the human eye sees. This setting encom-
passes much of the surroundings as well as the object of interest, unless the object
is very large. For a lens with a 50mm focal length, the nodal point of the optics
will be 50mm from the plane of the film near the back of the camera body. As
the object moves closer, the lens must be adjusted away from the plane of the film
to focus, resulting in a nodal point slightly more than 50mm. The lens is actually
casting an image circle larger than the 24 � 36mm frame, and some of the light is
lost and bounces around inside the camera. As the object comes even closer, this
effect becomes more of a problem, resulting in some loss of contrast. In fact, the
normal 50mm lens cannot focus down to much more than 1:6, a ratio indicating
the relative size of the object to the size of the image. A fixed stack of optical
lenses is not available that can form sharp images at so many different distances.
However, a 1:6 ratio does fall into the range of acceptable magnification for med-
ical photography of the human adult head (1:9). However, the focused distance
requires a lens-to-film plane distance that results in an image that lacks some con-
trast. Sharper imagery required in the preoperative assessment of blepharoplasty or
rhinoplasty patients will compound the problems of contrast and light dilution. In
addition to the loss of light and contrast, there is a significant loss of depth of field
because the f-stop is more open to allow more light in (higher f-stops allow less
light in but greater depth of field). An image requiring a lens setting of f=16 at infi-
nity would require a lens setting of about f=8 at 1:1.

Seeing Things Close-up

A magnifying glass helps our eyes to see things close up, and a magnifying lens can
be placed over the existing lens to perform close-up photography. These so-called
supplementary lenses are in expensive and they do not require skill beyond screwing
them onto the end of the existing lens. The main problem with these magnifying
lenses is that to focus on objects in the distance again, the existing lens cannot com-
pensate for the magnification and the magnifying lens must be removed. In addition,
picture quality may be compromised; high-quality lenses are usually two-element
lenses and even these may distort an image to some extent.
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Macro Lens

These are not so-called macro zoom lenses. Macro lenses have much greater poten-
tial lens-to-film (helical) lengths, but use floating optical lens elements to allow shar-
per close-up images (1:2=1:1), while still allowing long focused distance imaging
(without the need to change lenses). Still, light is reduced and exposure is affected.
Manually compensating for ambient light and f-stops requires charts, expertise,
and lots of bracketing. The closer the image is to 1:1, the smaller the effective aper-
ture, despite the nominal reading of, for example, f=22 on the lens. Charts are avail-
able for cross-reference, but for the f=22 at 1:1, the effective f-stop is f=45. That is a
small hole to let light in, and the result is increased diffraction and reduced image
quality. One solution is to set the f-stop manually on the lens to f=11, despite the
light meter calling for an f-stop of f=22. Another solution is to use through-the-lens
light metering that automatically corrects for the reduced effective aperture. The
effective aperture is actually displayed under the viewfinder in the modern Nikon
SLR units. Many medical media departments will use a f=16 fixed f-stop at 1:1 to
allow adequate depth of field for focusing and then bracket up to f=22 and down
to f=8.

Depth of field is limited and approximates 1mm at 1:1. Precise distances are
paramount to success and tripod setups are often inadequate. Macro focusing rails
are helpful since they are able to move the camera precisely up and down. The brand
of macro lens makes little difference. Nikon, Canon, Tamron, or Sigma models are
all excellent choices.

If macro refers to close-up shots, what is micro? Microphotography refers to
when the scale is beyond 1:1. It takes an object and magnifies it, which is the oppo-
site of what a typical lens does. It is a complex process, but involves moving the film
away from the lens and using a reversing ring to make a small object appear large.

Subject Positioning

Subject positioning is important: keeping the Frankfort Line at the true horizontal
for all frontal, lateral, and oblique views. The Frankfort Line extends from the
top of the tragus (easily identified in photos) to the junction of the orbital rim
(not so easily identified). To duplicate the true horizontal, have the patient stare into
their own eyes using a mirror placed 4 feet in front of them and have them maintain
this position for frontal, lateral, and oblique views. Pick consistent landmarks for
oblique views. A useful rule is to align the nasal tip to the margin of the cheek. Posi-
tions are dependent on the proposed procedure. The guidelines shown in Table 1 are
standard using a 105 mm macro lens.

GENERAL FACIAL ANALYSES

Facial Balance

A common standard cited for overall facial aesthetics is the so-called golden propor-
tion based on pythagorean mathematics, yielding the basic ratio: 1:1.618 (2). Phidias
applied this in ancient Greek art most notably and this ratio is called phi in his
honor. This divine proportion is duplicated in nature and represents a union of geo-
metry and mathematics. A three-point compass dubbed the golden divider maintains

4 Dolan



this constant ratio upon expansion. As the compass is expanded, its points align with
the following:

Upper lip vermilion show (1) to lower lip vermilion show (1.618)
Total vermilion show (1.618) to mucocutaneous junction–columellar base (1)
Mentum–columellar base (1.618) to columellar base–medial canthus (1)

These ratios also apply on the frontal view, especially relating to intercanthal
distances.

Our current concepts of facial balance and proportion are rooted in ancient
times from the Egyptians, Greeks, and Romans. Modern facial analysis began with
the mathematical formulations of the human face by Leonardo da Vinci, most nota-
bly from his Anatomical Notebooks. Albrecht Durer, a German artist influenced by
Leonardo, wrote the treatise The Human Figure containing many careful facial ana-
lyses of realistic (not necessarily aesthetic) facial proportions. Several neoclassical
canons from this era help to define facial proportion including

Table 1 Guidelines for Photography using a 105-mm Macro Lens

Procedure Position

Facial (rhytidectomy)

40 Frontal In repose=smiling=grimacing
40 Lateral Left=right
40 Oblique Left=right
30 Malar view (optional)

Nasal (rhinoplasty)

30 Frontal view
30 Lateral view Left=right
30 Oblique view Left=right
2.50 Base view
30 Lateral view=smiling Left=right
20 Sky view (optional)
Periorbital (blepharoplasty)

30 Frontal view
2.50 Frontal view Eyes open=eyes closed
2.50 Lateral view Left=right
2.50 Oblique view Left=right
Auricular (otoplasty)

40 Frontal view
40 Lateral view Left=right
40 Posterior view
1.50 Close-up view Left=right
40 Oblique view (optional) Left=right
1.50 Oblique view (optional) Left=right
Scalp

40 Frontal view
40 Posterior view
40 Head down Hair combed away from area

40 Head down Hair combed to camouflage area
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Leonardo’s facial thirds: forehead height (trichion–glabella)¼ nose length
(nasion–subnasale)¼ lower face height (subnasale–gnathion)

Nose length (glabella–subnasion)¼ auricle height (supra-aurale–subaurale)
Interocular distance (endocanthion [medial canthus]–endocanthion)¼ nose

width (ala–ala)
Ocular fissure width (exocanthion [lateral canthus]–exocanthion)¼ interocular

distance
Mouth width (cheilion–cheilion)¼ 1.5 times the nose width
Nose width ¼ 0.25 times the face width (zygion–zygion)
Nasal bridge inclination parallels ear inclination (along the longitudinal axis)

Modern anthropometric measurements allow us to check these canons against
several populations. Based on these data, the canons tend not to reflect the most
common composite measurements, even for North American White populations
(3). The neoclassical canons also do not perform well in defining aesthetic propor-
tions. In a study of people considered attractive by independent observation, the
neoclassical canons failed to differentiate this subset from the overall population
(4). Anthropometric measurements of heterogeneous populations have exposed the
fallacy of attempting to define a single standard of facial form. Multiple variables
affect aesthetic facial analysis including gender, race, and even cultural attitudes.
For example, African-Americans tend to have wider and shorter noses as well as
wider faces and mouths than North American Whites (5).

The technique of modern facial analysis attempts to reflect the aesthetic ideal,
not the anthropometric average. Although beauty is subjective, what we consider
beautiful often relates to an underlying symmetry that can be measured objectively.
Several proportion-based measurements correlate with the aesthetic ideal;
most involve the relationships of the nose to the chin and the face. Proportion-based
measurements should be gender- and population-specific, although most corres-
pond to the aesthetic standards of a North American White population. An impor-
tant first step in any facial analysis is learning the vernacular of soft tissue
cephalometrics.

Soft-Tissue Cephalometry

With regard to facial aesthetics, cephalometry is simply a tool to define the ana-
tomical elements of the face for proportional analyses. Hard-tissue reference
points form the basis of the soft-tissue reference points outlined below. Cephalo-
metry is useful for preoperative and postoperative objective measurements and for
defining certain aesthetic ideals according to the technique used. Facial analyses
often begin with simple proportion and balance determinations using the neoclas-
sical canons as guides despite their shortcomings. More specific cephalometric
or advanced proportion analyses may be appropriate based on the planned
procedure.

Hard-tissue cephalometry uses a basic reference line for analyses called the
Frankfurt Horizontal (a line that extends from the superior bony external auditory
canal to the inferior border of the infraorbital rim). This is difficult to discern on a
photograph, so having the patient assume what is termed the natural head position
approximates this true horizontal line. The natural head position was defined by

6 Dolan



Broca in 1862 and is achieved by having the patient peer into a mirror in primary
gaze placed 4 feet away. The individual cephalometric points are as shown in
Table 2 (see also Figure 1).

PROCEDURE-SPECIFIC ANALYSES

Rhinoplasty

The aesthetic proportion-based measurements include the following (Figs. 2–4):

From the basal view, columellar length twice the length of the lobule.
A transverse line across mid-nostril on basal view should be equidistant from

the nasal tip and alar crease.
From the lateral view, 2–4mm of columellar show (the amount of columella

visualized on lateral view)
A nasolabial angle of approximately 908 in men and 1108 in the women.
The presence of a supratip depression in women (an area cephalic to the point

where the lobule meets the dorsum).
The presence of a double break: this describes the aesthetic phenomenon of the

division of the lobule–dorsum angle into two angles defined by lines
following the columella, dorsum, and lobule at the nasal tip.

From the frontal view, a gentle curve from the supraorbital rim to the tip (6).

Although tip projection and the perceived size of the nose depend on other facial fea-
tures and the person’s height and weight (7), two methods of measurement for tip

Table 2 Individual Cephalometric Points

Points Description

Cervical point (C) Junction between the submental area and the neck

Tragion (T) Most anterior portion of the supratragal notch
Trichion (Tr) Hairline at midsagittal plane
Glabella (G) Most prominent portion in midsagittal plane of forehead
Nasion (N) Midpoint of frontonasal suture

Rhinion (R) Junction of bony and cartilaginous dorsum (bony landmark)
Subnasale (Sn) Junction of the columella with the upper cutaneous lip
Supratip (ST) Point cephalic to dome

Tip (T) Most anterior projection of nose
Columella Point (CM) Most anterior part of columella
Superior sulcus (SS) Depth of convexity of upper lip

Labrale superiorus (LS) Mucocutaneous junction of upper lip
Labrale inferius (LI) Mucocutaneous junction of lower lip
Mentolabial sulcus (SI) Most posterior point between lip and chin

Pogonion (PG) Most anterior point of soft tissue chin
Menton (ME) Lowest point on contour of soft tissue chin
Horizontal plane (HP) Line perpendicular to true vertical through tragion
Upper vermilion (Vu) Upper vermilion lip-skin border

Lower vermilion (Vl) Lower vermilion lip–skin border
Superior vermilion (Vs) Vermilion (anteriormost border)
Inferior vermilion (Vi) Inferior vermilion (anterior-most border)
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projection are commonly used: the Upper Vermilion–subnasale Sn) distance should
equal the Sn–nasal tip distance (8); and Crumley’s method of superimposing a right-
angled triangle based at the alar groove with vertices at the nasion and nasal tip
whose sides have 3:4:5 proportions (9) (Fig. 5).

Figure 1 Common soft tissue cephalometric points: G – glabella; N – nasion; R – rhinion;

T – tip; CM – columella; Sn – subnasale; LS – labrale superius; Vs – superior vermilion; Vi –
inferior vermilion; LI – labrale inferius; SI – mentolabial sulcus; PG – pagonion;
ME – menton; C – cervical point.

Figure 2 Normative values for columellar show and the alar–lobular ratio.
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Important relationships exist with the rest of the face and chin. The width of
the nose (ala-to-ala) should equal the distance between the medial canthi (a neoclas-
sical canon that accurately reflects the aesthetic ideal). Also, the aesthetic triangle
of Powell and Humphries (10) (the base of the triangle is a line connecting the
nasion and pogonion and its apex is at the nasal tip) (Fig. 6). The ideal values are:
nasofrontal angle¼ 1208; nasofacial angle¼ 368; nasomental angle¼ 1308; mento-
cervical angle¼ 858.

Figure 3 Double break and normative values for tip projection and the nasolabial angle.

Figure 4 Normative values for nasal prominence and the nasomaxillary angle.
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Genioplasty

The visual relationship between the nose and the chin is so intimate that to
change the size and shape of one influences the apparent size and shape of the other.
Prior to evaluation of the position of the chin, the dental occlusion should be docu-
mented. Angle’s classification (1899) is widely used and is based on the anteroposter-
ior relationship of the maxillary and mandibular first permanent molars:

Figure 5 Crumley’s method of assessing tip projection drawing. The BE:AD ratio should be

approximately 0.2833.

Figure 6 The aesthetic triangle of Powell and Humphries characterized by the nasofrontal
angle, nasomental angle, and nasofacial angle.
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Class I (neutroclusion). The first molars contact normally.
Class II (distoclusion). The mandibular first molar is displaced posteriorly with

respect to the maxillary first molar.
Division 1. In addition to distoclusion, the upper maxillary arch is narrow and

the incisors incline in a buccal direction.
Division 2. Distoclusion and the upper incisors incline in a lingual direction.
Class III (mesioclusion). The mandibular first molar is displaced anteriorly

with respect to the maxillary first molar.

Patients with malocclusion usually have an abnormal profile and chin position
irregularities. A class II malocclusion may result in a receding chin, and a class III
deformity may result in a protruding chin. Surgical repair of malocclusions will
affect the profile; therefore, patients with malocclusion should be offered orthog-
nathic surgery prior to consideration of genioplasty. Angle’s classification system
is inadequate to describe chin position completely since malocclusion is only an
indirect measure of the potential position of the chin.

Inadequate chin protrusion is usually the clinical finding in potential genio-
plasty candidates; it may be due to micrognathia, retrognathia, or microgenia.
Micrognathia refers to a hypoplastic mandible in which both the ramus and body
are underdeveloped, usually associated with neutroclusion or a class II malocclusion.
Retrognathia refers to a mandible with an underdeveloped ramus, a normal body,
and usually a class II malocclusion. Microgenia refers to a mandible with an isolated
underdeveloped chin (normal body and ramus). Microgenia results in a chin that is
both retruded and deficient by palpation, unlike micrognathic and retrognathic chins
that are retruded but normal by palpation. Micrognathia or retrognathia associated
with malocclusion requires more extensive surgical intervention than pure genio-
plasty, including sagittal osteotomies and mandibular advancements that are beyond
the scope of a purely cosmetic procedure. Patients not desiring orthognathic work or
those with microgenia are candidates for genioplasty involving augmentation (or
retrusion in the case of chin overprotrusion or macrognathia) of the mandibular
symphysis.

There are essentially three anatomical abnormalities often associated with a
recessive chin: a recessive and procumbent lower lip, a deep labiomental fold, and
diminished to normal lower facial height. Therefore, preoperative analysis must
include an assessment of these components in both the anteroposterior and verti-
cal planes (Fig. 7). A perpendicular line is dropped from the Frankfort Horizontal
(soft tissue cephalometric radiograph) or from the true horizontal line with the
patient in the natural head position (photograph) through the subnasale (reference
point). Measurements are taken from the vertical line to the lip vermilion and
pogonion: Sn-vermilion (Vu)¼ 0� 2mm, Sn-lower vermilion (Vl)¼�2� 2mm,
and Sn-Pogonion (Pg)¼ (�4� 2mm). The vertical chin position is determined
by comparing the glabella–Sn distance to the Sn–menton distance: these should
be equal (11). Two other methods for determining chin position are also widely
used:

A line through superior vermilion and Vi should be tangent to the pogonion.
A line dropped perpendicular to Frankfort’s line from the nasion should be

tangent to the pogonion (12).
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Facialplasty

Preoperative analysis should address three distinct areas of the face: forehead and
brows, cheeks and jowls, and neck and submentum. Surgical correction of deformi-
ties in these areas often requires different techniques that may be combined in a sin-
gle surgical encounter for an optimal outcome.

Evaluation of the forehead begins with a description of the horizontal and ver-
tically oriented rhytids. Horizontal rhytids are formed by the action of the frontalis
muscle. The corrugator supercilii muscles form vertical glabellar rhytids, and hori-
zontal rhytids at the root of the nose are formed by the action of the procerus
muscle. In women, the aesthetic forehead and glabella complex is smooth with few
rhytids; in men some furrowing and rhytids are acceptable. The next step in analysis
is evaluation of eyebrow and glabella position. The aesthetic guide to eyebrow posi-
tion in men is that the brow should lie on the supraorbital rim, while in women the
brow should follow or lie slightly above the rim and arch at the lateral limbus of the
pupil (13). Brow ptosis or descent bunches the skin over the upper eyelid creating a
hooding effect (Fig. 8). This must be appreciated during the preoperative evaluation
for blepharoplasty. In women, glabellar and medial brow ptosis disrupts the aesthe-
tically pleasing gently curving line formed along the nasal sidewall and eyebrow.

Analysis of the cheeks and jowls for a traditional rhytidectomy includes an eva-
luation of the melolabial folds and the position of the sideburns. No exact geometric
method is used clinically to describe the position or depth of the melolabial fold. The
position of the sideburns, especially in men, should be documented and used in
planning preauricular incisions; however, usually no normative relationship is
applied. The sideburn should extend below the level of the root of the helix and this
relationship should be maintained in treatment planning. The jowls are also assessed
qualitatively.

Figure 7 Normative values for the superior sulcus and the mentolabial sulcus.
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The ideal mentocervical angle is between 80 and 95 degrees (14) (Fig. 9). Qua-
litatively, in an anterior–posterior view, the pogonion should clearly delineate the
chin from the underlying neck; a weak chin gives the illusion of a short neck. On lat-
eral view, the submentum should be flat and end abruptly at a highly placed hyoid
bone. Platysmal banding, resulting from the loss of tone and medial migration of the
platysmal muscle (the actual cause is controversial), is a prominence of the medial

Figure 8 Typical ptotic eyebrow lying well below the superior bony rim.

Figure 9 The mentocervical angle.
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border of the platysmal muscle causing unattractive vertical lines in the midline of
the neck. There may also be senile ptosis of the submandibular glands from laxity
of the supporting fascia. A useful classification system for neck=submentum analysis
is Dedo’s classification of cervical abnormalities (15). The classes are as follows
(Fig. 10):

Figure 10 Dedo’s classification system of cervical abnormalities. (Adapted from Dedo DD.
‘‘How I do it’’—plastic surgery. Practical suggestions on facial plastic surgery. A preoperative
classification of the neck for cervicofacial rhytidectomy. Laryngoscope 1980;90:1894–6).
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I. Minimal deformity with an acute cervicomental angle, good platysmal
tone, and little accumulation of fat

II. Lax cervical skin
III. Fat accumulation
IV. Platysmal banding
V. Congenital or acquired retrognathia
VI. Low hyoid

Blepharoplasty

Preoperative analysis for blepharoplasty should begin with an evaluation of ocular
function including visual acuity, intraocular pressure, tear production, preseptal
and intraocular slitlamp examination, funduscopy, and extraocular movement
(16). Brow position should be assessed next to determine the contribution of brow
ptosis to upper eyelid skin redundancy.

Measurements and evaluation of symmetry of the vertical eyelid fissures are
performed to detect congenital or acquired blepharoptosis or vertical eyelid retrac-
tion. This is done by measuring the distance between the upper eyelid margin and
the lower eyelid margin in primary gaze. The range of normal in men is 8–10mm,
and 9–13mm in women. Measurements below these ranges indicate blepharoptosis,
while measurements in excess of these norms indicate vertical eyelid retraction.
Incomplete closure of the eyelids with relaxed effort indicates lagophthalmos. Both
the upper and lower eyelid margins normally overlap the corneal limbus in primary
gaze; if the lower eyelid margin falls below the limbus some sclera will be exposed:
this is termed scleral show. The lateral canthus is positioned above the medial
canthus and should be in the same plane, or slightly above, the midpupillary line.
Evaluation of lower eyelid laxity is commonly performed by assessing how far the
lower eyelid can be pulled away from the globe (>10mm indicates laxity) and obser-
ving its ability to spring back. Significant laxity may indicate a tendency toward
postoperative ectropion and the need for a lid-shortening procedure.

The position of the superior palpebral eyelid crease is assessed in the midpupil
vertical axis from the lid margin, determined by having the patient slowly look
upward from maximal downgaze. The position of the crease varies for different
populations and according to gender. Normative values for Whites are 8–10mm
in men and 10–13mm in women (Fig. 11). Asian patients may have no or very
low eyelid creases.

Analysis of the prolapsing fat and redundant skin in the lower eyelid is per-
formed with the patient in primary gaze and in downgaze, although the removal
of fat during blepharoplasty is highly individualized and subjective. Dermatochalasis
refers to an acquired excess skin laxity due to aging. The amount of excess skin in the
lower eyelid can be measured by grasping the putative redundant skin between for-
ceps as the patient gazes upward: production of scleral show or ectropion with this
maneuver indicates that a more conservative removal of skin is necessary. Bulging of
orbital fat should be documented according to the underlying compartmentalization
of the fat in the upper (central and medial) and lower (medial, central, and lateral)
eyelids. Lateral hooding in the upper eyelid often indicates a prolapsed lacrimal
gland. Concentric folds inferior to the lower lid that may overlap indicate redundant
orbicularis oculi muscle and possibly fat; these folds are known as festoons. Festoons
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may be related to the presence of hypothyroidism (found in 2.6% of patients present-
ing for aesthetic blepharoplasty) (17). Malar bags form over the superior part of the
malar prominence and may be due to dependent edema and fibrosis.

SKIN SURFACE ANALYSIS

Skin surface analysis is often tailored to the goals of restorative surgery or nonsur-
gical treatments. Patients undergoing scar revisions require analyses to include the
resting skin tension lines. In the patient undergoing nasal reconstructive surgery after
Mohs’ resection, an analysis of the topographical units of the face is important. If
cutaneous resurfacing is planned, an analysis of skin type and reaction to solar
damage are also needed. Koebner’s phenomenon is also an important consideration.
This phenomenon describes the tendency for some skin diseases such as psoriasis,
lichen planus, discoid lupus erythematosus, and herpes simplex to localize to areas
of recent surgery or scars.

Histological Findings

Epidermis

The epidermis is approximately 100 mm thick and is divided into four layers. The
basal cell layer or stratum germinativum is a single cell layer giving rise to sub-
sequent layers and interspersed with melanocytes in varying numbers, depending
on the part of the body. The prickle cell layer or stratum spinosum is three or four
cell layers thick, containing intracellular preformed keratin (named prickle cells

Figure 11 The position and height of the eyelid crease in a White woman. The vertical line
corresponds to the midpupillary axis.
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based on the desmosomes appearing as small spines coming from the cells). The
granular cell layer or stratum granulosum is one to four cell layers thick, containing
intracellular preformed keratin granules. A cornified layer or stratum corneum, is
several layers thick and is formed by coalescence of the granules in the third layer
(Fig. 12).

The epidermis contains four major cell types including keratinocytes (80%),
melanocytes, Langerhans’ cells, and Merkel’s cells. Merkel’s cells are found in the
basal cell layer of the epidermis and are part of the amine precursor uptake decar-
boxylation (APUD) system. Their function is unknown; however, Merkel cell
tumors may arise from these cells. The melanocytes are also found within the basal
cell layer and produce melanin pigment. In blacks, these melanocytes are very active,
in areas of vitiligo they are absent, and in those with albinism they are present but
lack the enzyme tyrosinase (for tyrosine-to-melanin conversion).

Basement membrane

The basement membrane is a well-defined multilayered structure between the epider-
mis and dermis that serves two functions: as a barrier to cells and chemicals, and to
support and attach the epidermis to the dermis. The membrane consists of several
layers visualized on electron microscopy including (18) the following:

Attachment plaque with tonafilaments and hemidesmosomes
The lamina lucida under the attachment plaque with anchoring filaments
The lamina densa under the lamina lucida with anchoring dermal microfibril

bundles (type VII collagen)

Figure 12 Microanatomy of the epidermis.
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Rete Ridges

The rete ridges are projections of the epidermis into the dermis, which increase the
surface area of contact and help to anchor these two structures through the interface
of the basement membrane. The corresponding upward projections of the dermis are
termed the dermal papillae. With aging, the length of the rete ridges decreases; in
scars, the ridges are lost (19).

Dermis

The dermis is divided into two layers: papillary and reticular (Fig. 13). The thin
papillary dermis is just below the basement membrane and contains loose col-
lagen and fibrocytes. The reticular dermis is relatively thick and contains compact
collagen and a few fibrocytes. The reticular dermis includes the origins of the epi-
dermal appendages. Collagen is synthesized by fibrocytes, mainly in the papillary
dermis. Skin collagen decreases by 1% per year as patients age (20). Reticulin
fibers are found throughout the dermis and are probably immature collagen
fibers. Elastic fibers are eosinophilic fibers that extend from the basement mem-
brane into the reticular dermis. Sun damage causes the elastic fibers to thicken
and collect in the papillary dermis; these elastic fibers are then referred to as
elastotic fibers. Aging causes a disappearance of elastic fibers in the papillary der-
mis (21).

Figure 13 Microanatomy of the dermis.
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Lymphatics

The lymphatics begin in the superficial papillary dermis as blind-ended vessels. The
more proximal lymphatics have thicker walls and valves.

Pilosebaceous Unit

Pilosebaceous units contain sebaceous glands, sensory end organs, arrector pili mus-
cle, hair, and the hair follicle. Thick hair, such as on the scalp, is terminal hair; fine,
nearly imperceptible hair, is vellus hair. Depending on the part of the body, the
sebaceous unit may be predominant (e.g., nose). The hair follicle has three named
portions (from the skin to the base): the infundibulum (to the sebaceous gland duct),
the isthmus (from the duct to the arrector pili muscle insertion), and the inferior por-
tion (below the pili muscle insertion). Hair arises from the base of the hair follicle
(the hair bulb). In the hair bulb are cells that make the hair along with melanocytes
incorporated into the growing hairs. The hair bulb surrounds a dermal structure
called the hair papilla. This papilla regulates the hair bulb activity. The mature hair
has a ringlike configuration of several distinct layers (from outer to inner): vitreous
membrane, outer root sheath, Henle’s layer, Huxley’s layer, inner root sheath cuticle,
hair cuticle, cortex, and medulla (Fig. 14). Hair growth occurs in stages termed ana-
gen, catagen, and telogen. The anagen stage is the growth phase. The catagen phase
is an involutional stage in which the inferior portion ascends to the isthmus. The
telogen phase is the resting phase during which the inferior portion of the follicle
is absent. Gray hair, seen with advancing age, is caused by reduced hair pigmenta-
tion with melanocytes containing large cytoplasmic vacuoles (22).

Resting Skin Tension Lines

The resting skin tension lines (RSTLs) are skin furrows formed when the skin is
relaxed (23). They radiate circumferentially outside the melolabial folds; inside the

Figure 14 Microanatomy of a hair follicle.
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melolabial folds, they are vertically oriented to the pogonion where the lines cross at
right angles. The RSTLs should be differentiated from wrinkle lines and Langer’s
lines. Under the general heading ‘‘On the Anatomy and Physiology of the Skin,’’
Langer published a series of four articles involving the study of the dynamic properties
of incised skin (24). It was from this collection that the term Langer’s lines originated.
He attempted to explain the properties of skin elasticity and tension. He studied the
skin’s directional variations by incising circles and squares and observing the resulting
deformation. Under a variety of circumstances (cadaveric skin at rest and cadaveric
skin placed on tension from movement of an underlying joint), he recorded a series
of cleavage lines (Langer’s lines). The cleavage lines followed the long axis of the
deformed circle and corresponded to the lines of tension. Incising along the cleavage
line was considered desirable to minimize wound gaping and scar contracture.

. . .While the incision is being made parallel to the cleavage lines the knife cuts
readily and the skin does not wrinkle and fold under the knife; this, however,
occurs when making the cut at right angles to the cleavage lines even with the
sharpest well-greased knife and the incision can only be made slowly and with

continued pressure. (24–25).

Langer found that the ‘‘the skin of the face has less inbuilt tension than the skin of
most other parts of the body.’’ The facial cleavage (Langer’s) lines correspond poorly
to the lines of tension found in living tissue.

The RSTLs represent lines of skin tension in living tissue that are clinically use-
ful in planning incisions that minimize wound separation and scar width. They are
not easily visible but are found along the fine skin furrows that form when the skin
is relaxed or gathered. The RSTLs are an inherent property of skin unrelated to mus-
cular action. They are formed during embryological development and correspond to
the direction of pull in relaxed skin determined by the static elements under the skin
including bone, cartilage, and soft tissue bulk, and they are the same in all persons (26).

Figure 15 The relaxed skin tension lines on the face (Borges). Overlay of Langer’s face lines
(center) and wrinkle lines. (From Kraissl, C. J. The selection of appropriate lines for elective

surgical incisions. Plast. Reconstr. Surg. 8:1, 1951, [right]. and Wilhelmi, BJ, Blackwell, SJ,
Phillips, LG. Langer’s lines: to use or not to use. Plast. Reconstr. Surg 104(1), 208–214, 1999).
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Wrinkles may cross the RSTLs, especially in the glabellar region and chin. Over
the glabella, wrinkles are vertical, yet the RSTLs are horizontal, and (over the
chin) the melolabial sulcus is perpendicular to the RSTLs. Langer’s lines represent
the skin tension in rigor mortis and have only a loose correlation with the RSTLs
(24–25). An incision or scar exactly on an RSTL is ideal, and within 30 degrees is
acceptable (Fig. 15).

Facial Topographical Units

Replacing soft tissue defects of the face with identically sized flaps or grafts often
produces an obviously patched area. Gonzalez-Ulloa et al. (27) realized that, in
the face, there are definite regions in which skin differs in color, texture, mobility,
and thickness. The boundaries of these regions represent natural transition zones
where incisions and flap or graft borders can escape notice. Therefore, more satisfac-
tory results can be obtained through regional restoration than with local repairs.
Gonzalez-Ulloa et al. outlined the patterns of the shape of seven facial regions on
cadavers as templates for flaps and grafts.

The borders of the regional facial units present favorable sites of scar place-
ment, while incisions and scars through the borders tend to be unsightly. Recon-
structing an entire unit allows the placement of incisions at the unit borders, and
scar contracture and depressions become less noticeable. Even trapdoor scarring
and bunching of the flap are less noticeable and may result in a net aesthetic
improvement in areas that are naturally bulbous (e.g., the nasal alae). Millard’s
teachings include conforming reconstructive plans to the unit principle. If a large
part of a unit is missing, then it is appropriate to extend the defect to include the
entire unit and reconstruct it as a whole. Millard’s seagull midline forehead flap
represents the application of this principle to nasal reconstruction.

The nose, considered a single topographical (aesthetic) unit by Gonzalez-Ulloa
et al., can be further divided into aesthetic subunits with borders that fall into
natural visual rifts created by subtle shadows, concavities, and convexities (28). They
include the dorsum, tip, alae, sidewalls, and soft triangles (Fig. 16). Although the
subunits are not exactly the same nose to nose, the general shapes are consistent.
The supratip depression divides the dorsum from the tip; this division may be some-
what variable depending upon ethnicity (29). The soft triangle represents a shadowy
depression between the start of the cephalic bend on the caudal lower lateral carti-
lage and the nasal rim. Notching in this area is a problem after reconstructive surgery
if the flap tissue extends to the vestibular skin. However, if one respects the superior
margin of the soft triangle and sutures flap tissue to this border, the problems of
notching give way to depressions in the soft triangle that provide good camouflage.
Loss of greater than 50% of a subunit justifies its total replacement. However,
removing normal structures to attain a more aesthetic result carries additional risk
and requires a motivated and informed patient.

The facial regions (topographical units) and subunits do not necessarily corre-
spond to the RSTLs. If incisions are within a topographical unit, attention to the
RSTLs is important to maximize camouflage and to attain the thinnest scar possible
by following the natural skin tension lines. An area of obvious disagreement between
the unit concept and the RSTLs is around the chin. The RSTLs of the chin are
vertical and perpendicular to the melolabial sulcus, while the chin unit follows the
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melolabial sulcus extending circumferentially around the mentum. Another area of
disagreement is along the nasal sidewalls where the RSTLs and the subunit borders
are again perpendicular. In most cases, the unit principle will take precedence, espe-
cially along the nasal sidewall. Following the chin’s unit border may result in a sig-
nificant widened trapdoor scar and irregular bulging of the chin. However, vertical
incisions are obvious due to scar depressions and contour irregularities. A possible
solution applicable to similar dilemmas may be to follow the unit borders by placing
incisions using techniques that allow the majority of the incision to be within 30
degrees of the RSTLs (e.g., W-plasty).

Skin Typing

Skin typing is helpful in predicting the response of different types of skin to chemical
peeling or laser resurfacing. Grading the skin content of melanin is important
to assess the risk of postinflammatory hyperpigmentation. The Fitzpatric classifica-
tion (30) of skin types defines them as I: white skin; always burns (first summer expo-
sure), never tans; II: white skin, usually burns; III: white skin, sometimes burns; IV:
moderate brown skin, rarely burns; V: dark brown, very rarely burns; VI: black,
never burns.

Skin types IV–VI are most susceptible to postinflammatory hyperpigmenta-
tion.

Intrinsic skin aging involves the following factors:

Atrophy of the subdermal adipose tissue and dermis
Fine wrinkling
Irregularly shaped epidermal cells
Loss of orderly progression of cells from basal cell layer to granular cell layer
Pseudothinning of the epidermis: the epidermis is not actually thinner but

appears so because of underlying dermal changes
Increases in epidermal turnover rate (usually 2–4 weeks)

Exogenous factors (primarily actinic) involve the formation of coarse rhytids
and inelastic skin due to pathological changes to the elastin in the papillary dermis,
a process termedphotoaging (31). Lymphohistiocytic perivenular infiltrateswithmany
mast cells are a consequence of photodamage that is termed heliodermatitis (32).

Figure 16 The topographical units of the nose.
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In addition, there is a collagen fiber homogenization (with basophilia) and an accu-
mulation of glycosaminoglycan and proteoglycan complexes within the dermis (33).
The density of melanocytes is twofold higher in sun-exposed areas for patients
of all ages. However, melanocyte density declines approximately 6–8% in the sur-
viving population per decade in exposed and non-sun-exposed sites (22). Grading
the skin for actinic damage and scarring is important in documenting and selecting
suitable candidates for superficial-to-deep chemical peels. Glogau’s classification
(34) defines the groups as follows:

I. Mild: no keratoses, little wrinkling, no acne scarring, wears no makeup
II. Moderate: early keratoses, slight yellow skin discoloration, early rhytids,

mild scarring, wears some makeup
III. Advanced: actinic keratoses, obvious yellowing with telangiectasia,

rhytids, moderate scarring, always wears makeup
IV. Severe: actinic skin cancers, many rhytids, much cutis laxa, severe acne

scarring, cakes on makeup

Groups I and II are the most appropriate candidates for superficial peels.
Deeper peels are necessary with groups III and IV, and the expected result should
be diminished in proportion to the severity of the preoperative changes in those
and other groups.
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Anesthetic Issues in Facial Plastic Surgery

John H. Romanow and Guy J. Sciortino
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

INTRODUCTION

Anesthesia for facial plastic surgery is a broad subject encompassing many issues
including use of specific anesthetic drugs, preoperative assessment and preparation,
perioperative care, and personnel and facility issues. Although there have been
significant advances and changes in the practice of anesthesia over the last 20 years,
perhaps the most significant of these is the steadily increasing proportion of ambu-
latory surgical cases. Approximately 70% of all operations performed in the United
States are done as outpatient procedures. Consequently, the number of ambulatory
surgery centers (ASC) has increased dramatically. In addition, primarily due to con-
venience and economic factors, office-based surgery has also increased dramatically.
Office-based surgery is unique in that few state regulations exist and the quality of
care varies widely among facilities. Nevertheless, this venue will continue to remain
a popular choice and every practicing facial plastic surgeon should be familiar with
the advantages and disadvantages of such a choice.

ANESTHETIC METHODS

After an appropriate preoperative assessment, the surgeon must consider the various
options available with the goal of providing safe, comfortable anesthesia in a relaxed
patient. The various options include local anesthesia, regional anesthesia, monitored
anesthesia care (MAC), and general anesthesia. The choice depends on many factors
including the nature of the procedure, overall health of the patient, the patient’s
wishes, and the availability of an appropriate facility and equipment. Many minor
facial plastic surgery procedures can be performed with local infiltrative anesthesia
alone with or without an oral anxiolytic (benzodiazapam). The majority of facial
plastic surgery procedures including otoplasty, rhytidectomy, liposuction, and rhino-
plasty are routinely performed under MAC. MAC anesthesia is a specific form of
anesthesia in which local or regional infiltrative anesthesia is given in conjunction
with titrated intravenous anesthetic agents under the guidance of an anesthesio-
logist. Patients receiving MAC anesthesia have fewer anesthetic-related problems
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postoperatively (such as disorientation, nausea, and vomiting) than patients receiv-
ing general anesthesia.

SETTINGS FOR PLASTIC SURGERY

Once the method of anesthesia is chosen it must be delivered in the appropriate
setting. Patients undergoing facial plastic surgery rarely require an overnight stay.
Most procedures are performed in an accredited ambulatory care center or in an
office-based facility. Only low-risk surgical procedures should be performed in an
office setting. Categorization of surgical procedures based on their complexity and
requirements for anesthesia is one method to stratify risk. The Board of Medicine
classifies surgeries as level I, II, and III. Level I surgery is considered minor and is
performed using topical or local infiltrative anesthesia with or without a mild tran-
quilizer. Level II surgery may involve a minor or relatively superficial procedure that
is performed with intravenous consciousness-altering medication. Monitoring of
vital signs is required and supplemental oxygen is often needed. Level III surgery
entails a moderate-to-complex surgical procedure usually performed under general
anesthesia. Of course, all level III surgeries should be performed at an accredited
ASC or hospital. Level I surgery can be safely performed in an office setting. The
appropriate venue for level II surgeries is the subject of controversy. In the 1990s,
several procedure-related deaths in office-based facilities in Florida resulted in a
moratorium on all level II and III office-based surgeries. Shortly after this, the
American Society of Anesthesiologists published position statements and guidelines
for ‘‘Nonoperating Room Anesthetizing Locations (1994)’’ and ‘‘Office-Based
Anesthesia (1999).’’ Nevertheless, states have been slow to adopt uniform standards.
In 2002, the American Society of Plastics Surgeons convened a task force to
look into patient safety in office-based surgery facilities. A variety of criteria
were developed to assist the surgeon in determining whether patient or procedure-
related risks justified performing the procedure in an ASC or hospital setting (1).
There is clearly a need for states to step forward and provide guidelines in this area.
For now, only level I surgeries should be performed in an unaccredited office-based
facility.

Four organizations accredit ambulatory surgery centers including office-based
facilities: Medicare, The Joint Commission on Accreditation of Healthcare Organi-
zations (JCAHO), the Accreditation Association for Ambulatory Health Care
(AAAHC), and the American Association for Accreditation of Ambulatory Surgical
Facilities (AAAASF). Accreditation by Medicare and JCAHO is most important.
Each organization has unique criteria for granting accreditation, but they share a
set of basic concerns including:

� Staff credentials
� Types of surgical cases
� Administration
� Staff competency
� Ancillary services
� Emergency contingency plans
� Informationmanagement including clinical records, policies, and procedures
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� Quality improvement
� Space and equipment

In general, a physician should not perform a surgical procedure in an office-
based facility that he or she is not credentialed to perform in their affiliated hospital.
There should be adequate administration for basic upkeep of the facility, overview,
restocking, and equipment management. Sufficient ancillary services should exist
including respiratory therapy and phlebotomy. An office-based facility must be in
close proximity to a hospital should an emergency transfer be required. All physician
and nursing staff should have at least basic knowledge in life support and at least one
staff member should have training in advanced life support measures. A ‘‘code cart’’
should be available and stocked with emergency medications and airway equipment.
Accurate medical and anesthesia records are needed. The facility=operating room
must be of sufficient size to accommodate needed equipment and supplies. There
must be a reliable wall oxygen source in addition to canisters and adequate wall
suction. Clean and dirty utility areas should be designated.

LOCAL AGENTS

Local anesthetics are pharmacological agents (Table 1) that cause temporary loss of
sensation by inhibiting conduction along nerve fibers. Local anesthetics work at the
nerve cell membrane by blocking sodium channels, resulting in inhibition of the
development and propagation of an action potential. All local anesthetics are made
water-soluble by being placed in an acidic solution. After injection, the physiologic
pH of body tissues causes protonization of the ammonia structure and affects the
drug’s ability to cross the cell wall. The number of anesthetic molecules delivered
to the nerve determines both the onset and the intensity of the block. The duration
of the block is inversely dependent on the rate of disappearance of local anesthetic
molecules from the nerve. Systemic toxicity is more likely after inadvertent intravas-
cular injection. Factors that decrease the vascular uptake of local anesthetics will

Table 1 Pharmacological Properties of Commonly used Local Anesthetics

Class Agent Onset Duration (min)

Maximum single dose

for Infiltration (adults; mg)

Amide Lidocaine Fast 90–200 300

Mepivicaine Fast 120–240 300
Bupivicaine Moderate 180–600 175
Etidocaine Fast 180–600 300

Prilocaine Fast 120–240 400
Esters Procaine Slow 60–90 500

Chlorprocaine Fast 30–60 600

Tetracaine Slow 60–180 20
Cocaine (topical) Fast 30–60 200

Source: From Ehlert, T.K. Arnold, D.E., Local anethesia for soft tissue surgery. Otolaryngol Clin North

Am 1990; 23(5): 835.
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increase the duration of the block as well as protect against toxic overdosage through
diffusion. The addition of a vasoconstrictor (usually epinephrine) to the injected
solution will increase the duration of the block by one-half and increases the safe
total dose by about one-third. Inflamed or infected tissue is acidic and impairs the
ability of the local anesthetic to cross the cell wall and become active. The effective-
ness of the local anesthetic is further diminished by the increased vascularity of an
inflammatory process, which may also increase the risk for systemic toxicity due
to enhanced diffusion and absorption.

Local anesthetics are classified into two groups based on their structure:
amino amides and amino esters. Compounds containing the amide linkage are
metabolized in the liver. Most of the ester compounds are metabolized at the site
of injection or in the bloodstream by the plasma esterases. Lidocaine, mepivacaine,
bupivacaine, dibucaine, and prilocaine are examples of amino amides. Cocaine,
procaine (the first derivative of cocaine developed in 1898), and benzocaine are
examples of amino esters. As a memory aid, note that the amino esters all have
one letter ‘‘i’’ (e.g., procaine) while the amino amides have two ‘‘i’s’’ (e.g., lido-
caine). The amino esters were developed first but only cocaine and benzocaine
are in common use today, and usually only topically. Procaine (Novocain) was
commonly used in dentistry but it is highly allergenic and has a short duration
of action. Allergy to amino amide compounds is rare and many have favorable
characteristics for infiltrative anesthesia.

Lidocaine is an anesthetic with vasodilator properties (relaxes smooth muscle).
The maximum recommended dosage is 3–4mg=kg when used alone or 6–8mg=kg
when used with a vasoconstrictor (epinephrine). Unlike other local anesthetics, it
has the unique property of stabilizing the heart at moderate dosage. Because of its
stability, predictability, and high therapeutic index, lidocaine is the most frequently
used local anesthetic.

Mepivacaine is similar to lidocaine but lacks its vasodilator and antiarrhythmic
effects.

Bupivacaine’s initial anesthetic effect is slightly delayed compared to lidocaine;
however, its duration of activity is significantly longer. Bupivacaine has been noted
to have a greater potential for central nervous system and cardiovascular toxicity
(ventricular fibrillation, asystole).

Prilocaine is also similar to lidocaine except that it does not have a vasodilator
effect. It has a significantly decreased potential for systemic toxicity due to its rapid
rate of clearance. The major deterrent to more widespread use is its metabolism to
orthotoluidine: an oxidizing agent capable of converting hemoglobin to methemo-
globin.

There are many techniques for administering local anesthetics. Buffering the
anesthetic with bicarbonate has been advocated to reduce the discomfort of injection
(2). This must be done immediately before injection because the local anesthetic is
less soluble in a neutral solution. Frequently aspirating the syringe to confirm that
the needle is in the extravascular compartment reduces the risk of a systemic compli-
cation since inadvertent intravascular injection is the most common cause of sys-
temic toxicity. A tumescent technique for local anesthesia is a relatively new
means of achieving a local block with tissue tumescence over a large surface area
(3). This has been especially useful for liposuction. The tumescent technique involves
instilling a large volume of dilute lidocaine and epinephrine into the subcutaneous
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tissues. A tumescent anesthetic may contain a 5–20-fold dilution of the standard
commercially available 1% lidocaine with 1:100,000 epinephrine. The subcutaneous
infiltration causes the targeted tissue to become swollen, firm, and profoundly vaso-
constricted, which may reduce the incidence of systemic toxicity while allowing the
surgeon to work in an extended area with little blood loss.

Topicals

Cocaine is an ester and a vasoconstrictor. It is used for topical anesthesia only with a
recommended maximal safe dosage of 3mg=kg. It should be noted that an absolute
toxic dose of cocaine has not been determined. Cocaine blocks the uptake of epi-
nephrine and norepinephrine from tissues, causing a relative excess of catechol-
amines locally. It is most useful for topical anesthesia and vasoconstriction on the
mucous membranes of the nose.

Benzocaine used topically is useful for skin and mucous membrane anesthesia.
It is most commonly used for pharyngeal anesthesia prior to endoscopic procedures.
Its principle advantage is its relatively long duration of action (greater than lido-
caine, mepivacaine, and tetracaine). Benzocaine is administered commonly as a
spray (Hurricane, Beutlich LP Pharmaceuticals, Waukegan, IL) and each 1 spray
delivers approximately 60mg. The estimated toxic dose is over 200mg but one of
the most common dreaded complications of this medication (methemoglobinemia)
occurs with doses well within the putatively safe dosage range. Therefore, the recom-
mended initial dose of benzocaine spray is 30mg or 0.5 s spray.

A new topical anesthetic consists of a eutectic mixture of local anesthetics
(EMLA, AstraZeneca) consisting of a water in oil emulsion of lidocaine and prilo-
caine (lidocaine 2.5% and prilocaine 2.5% cream). The cream formulation is applied
to the skin under an occlusive bandage, but requires at least 45min to achieve
anesthesia. It is most commonly used in pediatric patients, although recent literature
is exploring expanding its indications in cosmetic surgery (4).

Although not an anesthetic, phenylephrine hydrochloride (Neosynephrine)
deserves mention for its systemic effects and interaction with beta-blockers.
Neosynephrine drops are commonly used to control bleeding and decongest nasal
tissues. Occasionally, it will cause significant increases in blood pressure and admin-
istration of a beta-blocker may be given to counteract this effect. This is a potentially
dangerous combination because decreased cardiac output, pulmonary edema, and
death may result due to the unopposed alpha-adrenergic effect of the phenylephrine,
especially in children (5). If a beta-blocker is inadvertently used, glucagon has been
shown to counteract the loss of cardiac contractility. Calcium channel blockers have
also been associated with this effect when combined with phenylephrine. The initial
dose of phenylephrine solution should be limited to 0.5mg (4 drops of a 25% solu-
tion). If elevation of blood pressure occurs with phenylephrine, then avoiding further
application and allowing more time is usually all that is needed. Oxymetazoline
(Afrin) has not been associated with this side effect.

Complications

Adverse reactions to local anesthesia include excitement, toxic overdose, and allergic
reaction. The excitement reaction is characterized by a nervous, jittery feeling by the
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patient subsequent to being injected with a solution containing epinephrine. A tran-
sient tachycardia and hypertension may be observed. These episodes are usually
self-limited and resolve spontaneously. If the symptoms are severe or persistent,
treatment with alpha-or beta-blocking drugsmay be necessary.However, concomitant
use of cocaine and a beta-blocker has been associated with decreased coronary artery
blood flow and angina. Toxic overdose is usually avoidable if the dosing is kept
within the guidelines for body weight and intravenous injection is avoided.
Table 2 reviews the early, intermediate, and late signs of systemic lidocaine toxicity.
Diazepam has been shown to protect against seizure activity from local anesthetics.
In the late stages of toxic overdose, full cardiorespiratory support may be required
until the effects of the anesthesia have subsided.

True allergic reactions are uncommon and ester local anesthetics are primarily
responsible. The offending allergen is usually para-amino benzoic acid (PABA), a
breakdown product after enzymatic degradation of the local anesthetic in plasma.
In rare cases, amides may elicit an allergic reaction. Methylparaben, another deriva-
tive of PABA, is used as a preservative in multidose vials of amide local anesthetics
and may provoke an allergic response. The allergic response may range from urti-
caria to anaphylaxis.

Table 2 Signs of Lidocaine Toxicity

Central nervous
system (CNS) Cardiovascular system

Early: Headache
Anxiety
Restlessness
Light-headedness

Tinnitus
Circumoral paresthesia
Cutaneous flush

Hypertension and tachycardia
secondary to CNS stimulation
(more often due to
epinephrine excess)

Intermediate: Confusion
Hyperexcitabiilty

Blurred vision
Slurred speech
Nausea and vomiting

Twitching and tremor
Nystagmus
Lethargy

Convulsions

Myocardial depression
Mild hypotension

Diminished cardiac output

Late: Respiratory arrest

Coma

Severe hypotension

Profound peripheral
vasodilation

Bradycardia

Conduction defects
Dyshrythmias
Circulatory collapse

Source: From Ref. 2.
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Methemoglobinemia is an interesting adverse effect of some local anesthetics
including benzocaine, lidocaine, and prilocaine that occurs even when these medica-
tions are used within their typical therapeutic doses (6). Benzocaine is the most com-
mon offending agent among the three (7). Othermedications and toxic chemicals cause
methemoglobinemia including nitroglycerin, sulfonamides, chloroquine, and dap-
sone. Concomitant administration of these drugs with the offending local anesthetic
may predispose the patient to methemoglobinemia. Hemoglobin normally contains
iron in the ferrous form (Fe2þ). Oxidation results in transformation of the ferrous
iron into ferric iron (Fe3þ). Offending drugs and chemicals result in the
oxidation of Fe2þ and creation of methemoglobin. Methemoglobin cannot bind
oxygen and results in reduced oxygen-carrying capacity of blood. A certain degree
of methemoglobinemia is well tolerated, especially in healthy young adults. Ten per-
cent methemoglobinemia results in cyanosis but no clinically significant symptoms.
Greater than 30% methemoglobinemia will usually produce symptoms of air hunger
and reduced consciousness. Cardiopulmonary complications are more common in
infants and the elderly, especially those with pre-existing cardiopulmonary disease (8).

The diagnosis of methemoglobinemia is based on clinical signs of hypoxemia
and oximetry. Despite significant methemoglobinemia, the partial oxygen tension
(PO2) remains close to normal but the oxygen-carrying capacity of the blood is radi-
cally reduced. Standard pulse oximetry may be only slightly abnormal despite
obvious signs of profound organ ischemia. A typical pulse oximeter measures the
relative absorbance of two wavelengths corresponding to oxy and deoxyhemoglobin.
Methemoglobin also absorbs light at these wavelengths so even in the presence of
overwhelming methemoglobinemia the pulse oximeter may only show mildly abnor-
mal values (80s).

Co-oximetry should be requested and will give accurate readings regarding the
concentration of methemoglobin in the blood. It is a spectrophotometer capable of
measuring the unique absorbance of methemoglobin. The mainstay of treatment for
methemoglobinemia is intravenous methylene blue (1–2mg=kg). This drug potenti-
ates NADPH reductase, providing an alternative pathway for reduction of methemo-
globin. Other therapies include hyperbaric oxygen and exchange transfusion (8).

REGIONAL BLOCKS

Regional anesthesia is defined here as direct injection into or around the nerves sup-
plying a specific anatomical or surgical site. Regional anesthesia in the head and
neck follows many of the principles discussed in the previous sections. A full pre-
operative evaluation should be completed. In a cooperative patient, regional
anesthesia with or without supplemental sedation and analgesia will often provide
excellent anesthesia. The procedure needs to be relatively short, because although
the duration of the block may be fairly long, it is often difficult for even a sedated
patient to remain cooperative and comfortable for an extended length of time.
Depending on the extent and site of surgery, restriction of oral intake prior to the
procedure is recommended according to the guidelines for MAC and general
anesthesia. Deeper sedation or even general anesthesia may be required if the regio-
nal block and light sedation are inadequate.

The local anesthetics used in regional anesthesia have already been discussed.
Care should be taken not to exceed the recommended dosages. Large volumes of
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the injection may occasionally be required for the institution of large field blocks and
it may be necessary to dilute the concentration of the anesthetic. In a field block, it
may be necessary to supplement the anesthetic with epinephrine to achieve an ade-
quate duration of anesthesia and hemostasis.

The general complications of local anesthesia have been described and only
complications limited to the specific technique will be discussed here. Many of these
blocks can be achieved by a variety of techniques. The most common methods of
achieving the blocks will be discussed according to site.

Scalp

The primary sensory innervation of the scalp is by the cervical nerves and the trigem-
inal nerve. The supraorbital, supratrochlear, and zygomaticotemporal nerves supply
the forehead and occiput. The temporomandibular and the auriculotemporal
branches of the trigeminal nerve innervate the temporal regions. The greater and les-
ser occipital nerves, which are distal branches of the cervical nerves, innervate the
occipital and parietal regions. These nerves originate deep and enter a subfascial
plane on a line encircling the head that passes above the ear and through the occiput
and glabella (Fig. 1). The regional block is accomplished by subcutaneous injection
of a large volume of (usually) diluted lidocaine with epinephrine. This infiltration
will anesthetize the skin, fascia, and pericranium. Anesthesia is obtained in a skull
cap distribution (Fig. 2).

Figure 1 Distribution of sensory nerves of the scalp as they become subfascial. (FromRef. 9.)
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Forehead

The face and anterior scalp are innervated by the trigeminal nerve. Cervical nerves
innervate posterior portions of the scalp as well as the neck and lower portions of
the jaw. Operations on the forehead and scalp are possible using blocks of the
supratrochlear and supraorbital nerves. These nerves are located in the supraorbital
ridge=foramen of the frontal bone (Fig. 3). One to two milliliters of local anesthesia
is injected in the region. It is sometimes difficult to locate the supraorbital foramen
but it is helpful to note that the supraorbital, infraorbital, and mental foramina all lie
in a straight line approximately 2.5 cm from the midline of the face. In neutral gaze,
the pupils will also lie in this line. When large or midline lesions are to be excised, a
bilateral block may be performed.

Possible complications include unusual swelling and ecchymoses around the
orbit. This is usually secondary to either a large volume of anesthesia being injected
or hemorrhage from the supraorbital vessels. It is usually self-limited and requires no
specific treatment.

Infraorbital Nerve

An infraorbital nerve block can facilitate operations upon the lower eyelid, lateral
aspect of the nose, the mucous membranes around the upper incisors, and the cuspid

Figure 2 Region of anesthesia in a regional scalp block. (From Ref. 9.)
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teeth. The infraorbital nerve emerges from the infraorbital foramen and divides into
the inferior palpebral nerve, the external nasal nerve, the internal nasal nerve, and
the superior labial nerve. The infraorbital nerve lies 2.5 cm from the midline of the
face in the frontal process of the maxillary bone (Fig. 4). It is usually numbed with
the injection of 2.5ml of 1% lidocaine. This can be accomplished via either a
sublabial injection or direct percutaneous injection. Care should be taken not to
inject in the orbital cavity because hemorrhage may occur. Bilateral blocks may be
required for lesions near the midline.

Mentum=Lip

The lower lip and mandible between the mental foramen and the midline, as well as
the central incisor teeth, can be anesthetized by a mental nerve block. The nerve is
the terminal branch of the inferior alveolar nerve. The position of the mental nerve
is important to this block and varies with the age of the patient (9). In a young child,
the foramen lies close to the inferior border of the mandible. In the adult, the fora-
men lies midway in the mandible. In an elderly patient, there is usually some atrophy
of the mandible, and the foramen lies near the upper margin (Fig. 5). Usually, 1ml of
1% lidocaine is injected at the root of the second bicuspid through an intraoral

Figure 3 Location of supraorbital notch=foramen.

Figure 4 Location of infraorbital foramen.
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injection. As mentioned, if difficulty is encountered in locating the foramen, remem-
ber that it is in line with the supraorbital and infraorbital foramina. It is important to
aspirate periodically prior to injection of the anesthetic since both intravenous and
intra-arterial injections are more likely in this region.

Mandibular Nerve

The mandibular nerve is the third branch of the trigeminal nerve and contains both
sensory and motor fibers. After exiting the foramen ovale it divides into anterior
(primarily motor; only buccal branch is sensory) and posterior (primarily sensory)
divisions. The largest constituent of the posterior division is the inferior alveolar
nerve. A successful mandibular nerve block will anesthetize the inferior alveolar
nerve, the mental nerve, and frequently the lingual nerve. This causes anesthesia in
the mandibular teeth to the midline, the mucous membranes, and anterior two-thirds
of the tongue. In addition to anesthesia, this block may be helpful in relaxing spasm
of the masseter muscle and relieving trismus.

The mandibular nerve is most easily approached in the infratemporal fossa
posterior to the pterygoid plate and between the pterygoid muscles. The needle is
placed intraorally, beginning just lateral to the pterygomandibular raphe. The needle
is advanced between the ramus and the muscles covering the internal surface of the
mandible (Fig. 6). One to 2ml of a 1% lidocaine solution is injected after a negative
aspiration. Complications are rare, but hematoma at the injection site is seen and
will usually resolve spontaneously.

Maxillary Nerve

Blocking the maxillary nerve produces profound anesthesia in the hemimaxilla,
cheek, and upper jaw. The maxillary nerve is the second division of the trigeminal

Figure 5 Location of Mental Nerve, based on age. (From Ref. 9.)

Anesthetic Issues 35



nerve and exits through the foramen rotundum. It crosses the pterygopalatine fossa
and subsequently becomes the infraorbital nerve. The nerve can be approached by a
lateral or anterior approach.

The lateral approach requires palpation of the sigmoid notch on the zygoma.
With the patient’s jaw relaxed, a long needle is inserted inferior to the sigmoid notch
and directed anteriorly until the lateral pterygoid plate is felt. The needle is then
withdrawn and reintroduced in a more anterior and superior direction, anterior to
the pterygoid plate and into the sphenomaxillary fossa (Fig. 7). Parasthesias will
usually be encountered and 2 to 3ml of 1% lidocaine are injected.

Figure 7 Lateral approach to the maxillary nerve block.

Figure 6 Intraoral block of the branches of the mandibular nerve. (From Ref. 9.)
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The anterior approach requires locating the anterior border of the coronoid
process and the inferior margin of the zygoma. A long needle is inserted perpendi-
cular to the skin until the maxilla is felt. The needle is then withdrawn and directed
superior and posterior to enter the sphenomaxillary fossa (Fig. 8). There are no
specific complications of this technique. If air is encountered during aspiration, it
usually means that the pharyngeal space has been entered and the needle must be
repositioned.

Nose

Sensory innervation of the nose is derived principally from the infratrochlear, infra-
orbital, nasopalatine, and external nasal nerves. Branches of the anterior ethmoidal
and sphenopalatine ganglion supply the anterior aspect of the nose. Intranasal
blocks are usually obtained by placement of intranasal topical cocaine in the region
of the middle meatus, sphenopalatine ganglion, and the dorsal root of the nose. An
external block can be performed with the injection of local anesthetic in the manner
of a rhinoplasty block, with care taken to anesthetize the infratrochlear, infraorbital,
and external nasal nerves (Fig. 9). There are no specific complications of this techni-
que, but care should be taken to use cocaine appropriately.

Ear

The auriculotemporal nerve, mastoid branch of the occipital nerve, and the occipital
nerve provide the sensory innervation to the external ear (Fig. 10). These nerves are
readily anesthetized using a circular field block technique. There are no unique
complications of this technique.

Figure 8 Anterior approach to the maxillary nerve block.
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GENERAL ANESTHESIA

Preoperative Considerations

Health Assessment

The American Society of Anesthesiology (ASA) uses a classification system to help
assess a patient’s risk for general anesthesia. This system considers a patient’s overall
health, activity level, and disease status to help determine the likelihood of morbidity
or death from general anesthesia. The ASA status is reported as grades I–V. An ASA
I patient is in excellent health with no limitations on activity while an ASA V patient
is moribund, incapacitated, and expected to die within the next 24 h (10). In practice,
the ASA level is considered only a convenient method to report a patient’s overall
health status and is not very useful in determining whether a patient will have a poor
outcome after a general anesthetic. Nevertheless, Wolters et al. found that ASA class
IV and V patients were more likely to experience intraoperative and postoperative
problems including greater intraoperative blood loss, longer intensive care unit stays,
and higher mortality rates (11). An organ-specific classification is more likely to be
useful in predicting morbidity strictly from administration of a general anesthetic.

Figure 9 Sensory innervation of the nose: infratrochlear nerve, external nasal nerve, and
infraorbital nerve.
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Fasting Guidelines

Fasting is necessary before monitored anesthesia care (MAC) and general anesthesia
to reduce the risk of pulmonary aspiration. Guidelines for fasting have changed over
the last several years. Recently, a report from the ASA chaired by Dr. Mark Warner
outlined the Society’s specific recommendations for preoperative fasting:

� Clear liquids (water, fruit juices without pulp, carbonated beverages, clear
tea, and black coffee [no cream]) may be taken up to 2 h before surgery in
healthy, nontrauma patients

� Light meals and milk products may be ingested up to 6 h before surgery
� A period of no less than 8 h should elapse between the ingestion of fried or

fatty foods and surgery

Premedication

Premedication is the use of sedatives, hypnotics, narcotics, or belladonna alkaloids
to make the patient drowsy, cooperative, and comfortable perioperatively. Premedi-
cation can be used to provide a comfortable preoperative environment and smooth
out the operative anesthetic technique. Certainly, many of these drugs have side

Figure 10 Sensory innervation of the external ear: occipital nerve, mastoid branch of the

occipital nerve, greater auricular nerve, and auriculotemporal nerve.
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effects and care must be taken not to oversedate the patient. A disadvantage of some
of the premedication agents is their long duration of action, which may prolong
recovery. Midazolam and fentanyl are primarily used today; these medications have
a relatively short duration and are unlikely to prolong recovery.

The appropriate drug used for any patient should be individualized based on the
preoperative evaluation. On occasion, it may be inadvisable to use premedication.

Table 3 Types of Premedication

Class Drug Dose (mg) Route of delivery

Barbiturates Secobarbital 50–150 PO, IM

Pentobarbital 50–150 PO, IM
Narcotics Morphine 5–15 IM

Meperidine 50–100 IM
Tranquilizers or sedatives Diazepam 5–10 PO

Midazolam 1–4 IV, IM
Droperidol 2.5–5 IM
Hydroxyzine 50–150 IM

Promethazine 25–50 IM
Anticholinergic Atropine 0.3–0.6 IM

Scopolamine 0.3–0.5 IM

Glycopyrrolate 0.2–0.4 IM
Antacids Cimetidine 300 PO, IM, IV

PO, orally; IM, intramuscularly, IV, intravenously

Source: From Pratt JM. Analgesics and sedation in plastic surgery. Clin Plast Surg 1985; 12(1): 74.

Table 4 Classes of Premedication: Advantages and Disadvantages

Class Advantage Disadvantage

Barbiturates Good sedation
Minimal respiratory or
circulatory collapse

No analgesia
Occasional disorientation
Don’t use with porphyria

Narcotics Sedative and anxiolytic
Analgesia
Reduce the amount of other
anesthetics

Readily reversible with naloxone

Respiratory depression
Orthostatic hypotension
Nausea and vomiting
Smooth muscle contraction

Occasional dystonic reaction
Tranquilizers,
or Sedatives

Anxiolytic with minimal
cardiorespiratory depression

Droperidol: Anxiolytic and
antiemetic

Hydroxyzine: Sedative,

antiemetic, and antihistamine

Possible depressants
Prolonged duration of action

Dystonia, possible hypotension
Don’t use in Parkinson’s disease

Anticholinergic Antisialogogues
Amnesia and sedation

Prevents reflex bradycardia

Source: From Pratt JM., Analgesics and sedation in plastic surgery. Clin Plast Surg 1985; 12(1): 74.
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Examples of this include some geriatric patients, patients with pulmonary disease, or
patients who are very sensitive to medications. In general, premedications are classi-
fied as barbiturates, narcotics, tranquilizers and sedatives, and anticholinergics
(Tables 3, 4). If a significant amount of insomnia and anxiety is expected the night
before surgery, either a mild tranquilizer or sleep medication may be prescribed.
On the day of surgery, a narcotic and a tranquilizer may be administered orally
2–4 h prior to surgery.

Airway Issues

The ability to obtain and maintain a reliable airway is a critical factor in the admin-
istration of both MAC and general anesthesia. Although MAC does not usually
involve endolaryngeal or endotracheal intubation, due to the loss of pharyngeal
tone, airway compromise is sometimes encountered and the anesthesiologist must
be prepared to intubate the airway. It is sometimes difficult to determine whether
intubation will be difficult and special measures or techniques are needed. The
anesthesia record, if it is available, can be reviewed if the patient has had general
anesthesia in the past. In addition, a history of pharyngeal or laryngeal masses or
abnormalities should alert the anesthesiologist to a difficult airway. Although no
preoperative assessment will identify a difficult airway with absolute certainty, the
facial plastic surgeon should be aware of the Mallampati classification. The Mallam-
pati classification is based on the fact that the base of the tongue is a key anatomical
element with regard to ease of laryngeal visualization and intubation using an intu-
bating laryngoscope (12). It is assessed by having the patient open his or her mouth
maximally with tongue protrusion in the sitting position and is classified as follows:

� Class I: the soft palate, tonsillar pillars, and uvula are visualized.
� Class II: visualization of the uvula is obscured by the base of the tongue.
� Class III: only the upper soft palate is seen.
� Class IV: only the hard palate is seen.

If a difficult airway is found or expected, a variety of techniques can be used to
obtain a safe airway. Of course, the preoperative evaluation is critical and fiberoptic
visualization of the larynx may be needed for planning. Emergent or awake tracheot-
omy will be needed in some cases. Many newer techniques are now available to deal
with the difficult airway that obviate the need for tracheotomy.

A light wand is a method of establishing an endotracheal airway without actu-
ally visualizing the larynx. It can be utilized effectively in patients with retrognathia
and occasionally in cases of trauma. A laryngeal mask airway is a common method
of providing general anesthesia without actually intubating the glottis. It can be used
in either pediatric or adult patients. One advantage is that it does not enter either the
glottis or the respiratory tract and may decrease the incidence of postoperative lar-
yngeal edema or bronchoconstriction. It should be used with caution in patients with
gastroesophageal reflux disease or significant bleeding in the oropharynx to avoid
aspiration. A safe technique in a cooperative patient is an awake fiberoptic intuba-
tion. This provides the reassurance of obtaining an airway in an awake patient who
has not had his or her respiratory drive diminished with medication. Adjunctive
techniques such as retrograde intubation placed over a guidewire inserted through
a percutaneous cricothyroid puncture are rarely necessary but may be lifesaving.
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Aside from obtaining an airway, the apparatus must be placed in a manner that
it will not interfere with the surgical field. Nasal intubation can be utilized to provide
maximal exposure to the oral cavity. Taping and draping techniques should be used
to minimize the interference of the airway apparatus with the surgical field. Depend-
ing on the proposed surgical method, there may be specialized instrumentation
designed to maximize safety, especially when a laser is in use.

Monitored Anesthesia Care

The traditional technique for facial plastic surgery has been local anesthesia supple-
mented by sedation. This technique requires selection of appropriate sedative drugs
administered in proper dosages to a cooperative patient according to the patient’s
needs. An anesthesiologist or nurse anesthetist titrates the sedative medications
and is responsible for monitoring the patient. This will allow a separation of duties,
with the surgeon and the anesthetist each concentrating on their area of expertise.
Monitoring for local anesthesia with intravenous sedation is very similar to that used
for general anesthesia. Patients undergoing surgery with MAC usually experience
less postoperative nausea, vomiting, and disorientation than those undergoing gen-
eral anesthesia. As the newer general anesthetic drugs improve, these differences may
become less apparent. MAC may offer some cost savings to patients undergoing cos-
metic surgery.

Sedation=analgesia is available in oral, intramuscular, intravenous, and inha-
lant forms. The latter consists of a dental-type nitrous oxide machine that may be
used in a fail-safe mode (13). This has become popular as an aid to injecting local
anesthesia or for such procedures as chemical=laser peeling, hair transplantation,
and other dermatological surgeries. Each patient’s response to sedation=analgesia
is unique and techniques must be adapted to the type and length of the surgical pro-
cedure, the preoperative assessment, and the postoperative care arrangements. The
drugs in Table 5 are commonly used for sedation and analgesia.

These medications are usually administered intermittently throughout the pro-
cedure to titrate the drug level to the level of consciousness and cooperation and,
most importantly, to preserve the patient’s ability to maintain a patent airway. An
infusion pump may be used to provide a continuous infusion of drugs. Sedation is
begun prior to the injection of local anesthetics. Since many of these drugs depress
the respiratory drive, supplemental oxygen is usually used and the airway is carefully
maintained. Once adequate local anesthesia has been obtained, the level of anes-
thesia is often lightened. Propofol is often used along with short-acting narcotics
such as fentanyl and alfentanil.

General Anesthesia

As with MAC anesthesia, a full preoperative assessment is performed. A qualified
anesthetist always administers general anesthesia. Extensive monitoring and intrave-
nous access are required. The choice of general anesthetic agents depends on various
factors evaluated in the preoperative assessment. There are two major classifications
of general anesthetic agents: inhalational and intravenous. Many of the other
agents discussed in previous sections can be utilized in an effort to produce what
is termed a balanced technique. This allows adequate anesthesia to be obtained with
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the advantage of minimizing the complications of any one specific agent, thereby
increasing overall safety.

Intravenous Agents

The intravenous agents include barbiturates, narcotics, benzodiazepines, and muscle
relaxants.

Thiopental (4mg=kg) is a short-acting barbiturate that can be used for speedy
induction or maintenance of general anesthesia. Thiopental acts by suppressing short
synaptic pathways in the central reticular formation of the brainstem. Although it
has no analgesic properties, its effects range from mild sedation to profound coma.
It decreases cardiac contractility as well as cardiac output. Pain and sloughing of tis-
sue have been associated with improper injection. Thiopental should be avoided in
patients with asthma or porphyrias.

Etomidate is a newer intravenous agent for the induction of general anesthesia.
Induction with etomidate (0.3mg=kg) is more rapid than thiopental. It is a respira-
tory depressant but has little or no effect on the circulatory system. There are few
systemic side effects observed with etomidate.

Propofol is an intravenous sedative–hypnotic agent for use in the induction and
the maintenance of anesthesia or sedation. Cardiorespiratory depression may occur
at higher drug levels due to arterial hypotension without a change in heart rate. Pro-
pofol is suspended in a soybean oil emulsion and there is risk of bacterial contamina-
tion: care must be taken to use aseptic technique. There is often pain with intravenous
injection but this may be diminished with the administration of intravenous lidocaine
prior to injection. The induction dosage is 2.0–2.5mg=kg in an adult and 2.5–
3.5mg=kg in a child. Anesthesia may be maintained on a continuous infusion basis
or with so-called bumps. Propofol is contraindicated in pregnant or nursing women
because it crosses the placenta and is found in breast milk. Propofol is contraindicated
in patients allergic to soybean oil or eggs. Propofol has egg lecithin (found in egg
yolk); most patients who are egg-allergic have more severe reactions to egg white.

The muscle relaxants succinylcholine, vecuronium, rocuronium, and pancuro-
nium are used when paralysis is required. They may be used with either the induction
or maintenance of anesthesia. Succinylcholine (0.6–1mg=kg) is an ultra-short-acting
depolarizing skeletal muscle relaxant for intravenous administration. It binds at the
cholinergic receptor of the motor end plate to produce depolarization, resulting in
flaccid motor paralysis less than 1min after intravenous administration. Succinyl-
choline is contraindicated in patients at risk for malignant hyperthermia, patients
with hyperkalemia, patients with skeletal muscle myopathies, and in patients who
have sustained major injuries (e.g., trauma or burns). Prolonged neuromuscular
blockade may be noted in patients with pseudocholinesterase deficiency. Vecuro-
nium is a nondepolarizing neuromuscular blocking agent that acts by competing
for cholinergic receptors at the motor end plate. The initial dosage is about
0.1mg=kg, producing initial paralysis after about 1min and lasting between 30
and 45min. There are no clinically significant hemodynamic effects. Rocuronium
is another nondepolarizing neuromuscular agent. It has an initial dosage of
0.6mg=kg and will usually produce paralysis in 1–2minutes lasting about 30min.
Pancuronium was one of the first nondepolarizing neuromuscular agents. It is used
less frequently today due to its relatively long onset of action and duration.
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Inhalational Agents

Inhalational anesthetics make up the other major class of general anesthetics. These
agents are typically used for the maintenance of anesthesia rather than induction.
Induction with an inhalational anesthetic is usually reserved for infants and children
in whom intravenous access may be limited.

Nitrous oxide is a frequently administered anesthetic agent. It can be used as a
single agent. At 60–75%, in conjunction with other agents, it provides adequate
analgesia. It is a mild myocardial depressant and will diffuse into all air-containing
cavities of the body, which may represent a major deterrent to its use in certain
circumstances.

Halothane is one of the earliest halogenated hydrocarbon inhalational anes-
thetics. It is used less frequently today due to its slow uptake and emergence and
there is an association with hepatic necrosis (1 : 35,000 cases). It is a potent bronch-
odilator and an excellent choice for patients with asthma. Inhalational induction
with halothane is well tolerated in children due to its weak potency.

Enflurane was introduced into clinical practice in 1972. It is a stable anesthetic,
but also a potent respiratory and cardiovascular depressant. Therefore, the patient’s
ventilation either needs to be assisted or controlled during its use. Use of this agent
can be associated with a profound drop in blood pressure, especially with initiation.
Its minimum anesthetic concentration is 1.7%. Fluoride ions are a major byproduct
of the metabolism of enflurane (and sevoflurane) and may worsen renal function in
patients with chronic renal disease. Enflurane should probably not be used in
patients with chronic renal failure.

Isoflurane was introduced into clinical practice in 1981. It is a respiratory
depressant, but seems to maintain cardiac output. A decrease in blood pressure asso-
ciated with a drop in peripheral vascular resistance may be noted. Its minimum anes-
thetic concentration is about 1.2%. It has excellent muscle relaxant qualities. It has a
very pungent odor that limits its use as an induction agent.

Desflurane is a volatile liquid inhalational anesthetic biotransformed in the
liver. During desflurane anesthesia, systemic vascular resistance and mean arterial
blood pressure decrease, while cardiac index, heart rate, and stroke volume increase.
Its minimum anesthetic concentration is about 7.5%. It is not recommended for the
induction of general anesthesia in the pediatric population because it has a high inci-
dence of laryngospasm, coughing, breath holding, and excess salivation. Due to its
physical properties, desflurane requires a heated vaporizer.

Sevoflurane is very similar to desflurane. It has a weak pungent odor and may
be used successfully as an inhalational induction agent, especially in children. Its
minimum anesthetic concentration varies between 1.5 and 3.0%, depending on age
and whether nitrous oxide is used. Its cardiovascular effects are similar to desflurane,
except the tachycardia is not observed.

Complications

There are a variety of complications from general anesthesia, ranging from clinically
insignificant to cardiorespiratory arrest and death. It is not the intention of this
chapter to discuss all of these. Probably the single most dreaded complication unique
to general anesthesia is malignant hyperthermia, a hypermetabolic crisis that can be
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triggered by several anesthetic agents. It is invariably fatal if untreated. Male patients
are affected more than female patients. The genetics favor an autosomal dominant
transmission but penetrance is variable. Even with increased awareness, the present
mortality rate is about 50% (9). It occurs most often with the administration of
halothane and succinylcholine; however, it has been reported with other forms of
general anesthesia. Diagnosis is imprecise but the clinical signs include high fever,
tachycardia, cardiac arrhythmias, cyanosis, and rigidity. There occurs a severe meta-
bolic acidosis and elevated levels of serum potassium, lactate, magnesium, and myo-
globin. Dantrolene, a direct-acting skeletal muscle relaxant and the only known
therapy, should be administered as soon as possible once the clinical signs are recog-
nized (Table 6). This medication is given intravenously (IV) 1–10mg=kg, then
4–8mg=kg=day orally divided in four daily doses for 1–3 days. Dantrolene may also
be used prophylactically in its oral form 1–2 days preoperatively. A qualified
anesthesiologist appropriately manages patients recognized to be at risk preopera-
tively: succinylcholine and inhalation agents are avoided.

Pseudocholinesterase deficiency is an uncommon disorder that is most notable
for prolonged paralysis after even a nominal dose of succinylcholine (14). In addition
to succinylcholine, enzyme deficiency results in prolonged metabolism of several
common anesthetic medications including cocaine, procaine, and mivacurium. The
enzyme deficiency may be minor resulting in only slightly prolonged paralysis after
administration of succinylcholine or major leading to paralysis lasting several hours
after a single injection. Plasma cholinesterase activity must be reduced to 75% of
normal before clinically significant effects are seen. The enzyme deficiency follows
an autosomal recessive mode of inheritance and only about 1 : 25 people is heterozy-
gous for a defective allele (of which there are multiple types producing enzymes of
variable activity) (15). Even if a person is homozygous for defective alleles he or
she is asymptomatic unless medications metabolized by the enzyme are given. In
addition, depending on the severity of the defect, clinical manifestations vary widely.
Enzyme deficiency is most common in peoples of European descent. Aside from
genetic causes, chronic wasting disease and some medications are associated with
mild pseudocholinesterase deficiency. The diagnosis of an enzyme deficiency is made
by a plasma assay. The treatment for patients exhibiting prolonged paralysis is
mechanical ventilatory support until the paralysis spontaneously resolves.

SPECIAL CONSIDERATIONS

Anesthesia for infants and children is a distinctively different entity. Children often
metabolize drugs differently and have less reserve in terms of blood volume and abil-
ity to tolerate untoward events. Psychologically and socially, the pediatric patient
and their families will have a great deal of apprehension concerning the upcoming
surgical procedure and frequently they are most apprehensive about the anesthesia.
Children must be dealt with in an appropriate age-specific manner, and the preo-
perative visit can do much to allay the patient’s and family’s concerns. Elective sur-
gery should be postponed in a child with an upper respiratory infection because a
more serious pulmonary infection may occur after general anesthesia. Premature
infants requiring surgery within the first few months of life should be observed over-
night. Infants less than 44 weeks of gestational age have a susceptibility to retrolental
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fibroplasia, and if the surgery cannot be delayed, a minimal concentration of oxygen
should be used (16). In children less than 10–12 years of age, induction can be
accomplished with an inhalational anesthetic and an intravenous line can be placed
following induction. Intubation is usually accomplished using an uncuffed tube to
minimize the risk of subglottic injury. Intravenous fluids need to be replaced aggres-
sively because children experience a greater percentage of loss of body water when
fasting. In addition, body temperature should be closely monitored because children
lose body heat faster than adults do and hypothermia increases the risk of anesthetic
complications.

Facial trauma usually presents as part of multiple organ system trauma. To
administer safe anesthesia, the associated injuries must be diagnosed, monitored,
and treated in the resuscitative and operative phases. There is a high association
between facial trauma and either intracranial or cervical spine injuries (17). Care
should be taken in the movement and positioning of the patient. In cases of multiple
facial fractures, a difficult airway is often present and early consideration should be
given to tracheotomy.
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INTRODUCTION

Wound repair is a complex process involving both humoral and cellular elements.
While it is incumbent upon all surgeons to understand the basic processes involved,
the facial plastic surgeon is particularly interested in the factors that promote opti-
mal wound repair to achieve the best functional and aesthetic result possible. This
knowledge will provide the conditions necessary to optimize wound healing and,
perhaps as importantly, provide the tools necessary to manage nonhealing wounds
more effectively.

Another important aspect in wound healing involves the use of bioimplantable
materials. Research in the field of plastic and reconstructive surgery has continued to
broaden the spectrum of materials available for implantation and augmentation.
Each material has advantages and disadvantages based on its molecular structure
and inflammatory response. This chapter will focus on the mechanisms of surgical
wound healing and address the various materials available to the plastic surgeon
for implantation.

BASIC PRINCIPLES OF WOUND HEALING

Any type of injury to the skin or soft tissues triggers a well-organized and complex
cascade of cellular and biochemical events that ultimately lead to a healed wound.
This sequence of events is organized into three separate but overlapping phases
known as the inflammatory, proliferative, and remodeling phases. The information
in the following section on the basic principles of wound healing is a summary of
several classic and modern texts (1–7).
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The Inflammatory Phase

The inflammatory phase is characterized by initiation of the clotting cascade, inc-
reased vascular permeability by the release of cytokines and other chemical media-
tors, and chemotaxis of cells and their subsequent activation. The initial event
after injury is the activation of the coagulation cascade that results from the expo-
sure of platelets to exposed subendothelial collagen from injured vessels (8). This
recruitment and aggregation of platelets not only result in formation of a clot but
also trigger the release of various cytokines and growth factors through the process
of platelet degranulation (9). These mediators include platelet-derived growth factor
(PDGF), transforming growth factor-beta (TGF-b), platelet-activating factor
(PAF), fibronectin, serotonin, prostaglandins, thromboxanes, leukotreines, and
proteases. The release of these substances into the wound milieu is chemotactic for
neutrophils, macrophages, lymphocytes, fibroblasts, and endothelial cells. These
cells are then activated and release their own specific mediators (Fig. 1).

Fibronectin forms cross-links within the clot and provides a scaffold for
migrating keratinocytes, endothelial cells, and fibroblasts (10,11). It has been
demonstrated experimentally in animals that in the absence of fibrinogen, clot for-
mation fails and wound repair is significantly hindered.

Neutrophils are the first inflammatory cells to arrive at the injured site (Fig. 2).
They gain access to the wound via increased vascular permeability and are recruited
and activated by a concentration gradient of chemotactic substances such as

Figure 1 The phases of soft tissue wound repair and cellular and mediator interaction.
(From Wong ME, Hollinger JO, Pinero GJ. Integrated processes responsible for soft tissue

healing. Oral Surg Oral Med Oral Pathol 1996;82:475–92.)
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prostaglandins, complement factors, interleukin (IL)-1, tumor necrosis factor
(TNF)-alpha, TGF-b, and bacterial products. The number of neutrophils in the
wound is at its greatest concentration 2 days after the initial injury. Cell surface
receptors also play an important role in neutrophil migration. Specific receptors
found on the endothelial cells (selectins) and on the neutrophil cell surface (integrins)
assist in adherence to the endothelium and the extracellular matrix, respectively. The
primary role of neutrophils is to provide an antibacterial defense.

Macrophages are involved in the second wave of inflammatory cell migration.
Studies have shown that macrophages are the most important cellular component in
the process of wound healing (12). It is well documented that normal wound healing
can occur in the presence of neutropenia but cannot occur in the absence of macro-
phages. Chemotactic agents released during platelet degranulation recruit macro-
phages to the wound.

Upon arrival at the site of injury, macrophages are activated by cytokines and
growth factors released by platelets. This activation signals the release of specific
cytokines and growth factors by macrophages that are important in mediating
four major processes (Fig. 3). These include (1) angiogenesis through the release
of fibroblastic growth factor (FGF) (and vascular endothelial growth factor
(VEGF); (2) regulation of matrix synthesis through the release of TGF, PDGF,
TNF-a, interferon (IFN), IL-1, and prostaglandins; (3) phagocytosis=antimicrobial
function and wound debridement through production of free radicals and enzymes;
and (4) cellular recruitment and activation of fibroblasts. This multifactorial role of
macrophages is instrumental in directing the future course of wound healing.

The recruitment and activation of lymphocytes occur late in the inflamma-
tory phase (days 5–10). The function of lymphocytes is not completely clear but
they may play a role in augmenting macrophage expression and fibroblast accumu-
lation and proliferation through the release of IFN, IL-2 and macrophage-activat-
ing factor. T lymphocytes appear to have some regulatory role in mediating
macrophage function.

Figure 2 The chronology of cellular migration into the wound. (From Ref. 7.)

The Proliferative Phase

The proliferative phase entails neoangiogenesis, autolytic debridement of dead tis-
sue, wound matrix formation, and re-epithelialization of the wound by migrating
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keratinocytes. The recruitment and proliferation of fibroblasts are the hallmark
events in the beginning of the proliferative phase. This begins around day 4 and con-
tinues for an additional 10 days. The activation of fibroblasts is influenced by many
growth factors including FGF, epidermal growth factor (EGF), and PDGF, all of
which are released by platelets and macrophages.

Neoangiogenesis occurs through the migration and proliferation of endothelial
cells from intact adjacent venules surrounding the wound. This process is heavily
mediated by chemotactic growth factors (principally FGF, TNF-a, and EGF) and
degrading proteases released previously by macrophages.

The formation of the wound matrix predominately takes place during the pro-
liferative phase and is mediated primarily by fibroblasts (13). The matrix is mainly
comprised of fibrin, glycosaminoglycans, laminins, and fibronectin, and provides a
scaffold for new migrating cells.

Keratinocyte proliferation also occurs during the proliferative phase and plays
a role in establishing a protective barrier against matrix fluid losses and infection.
These cells migrate from the free edges of the wound as well as from skin appen-
dages. Keratinocytic growth factor (KGF), (FGF-7), PDGF, EGF, and TGF-b
influence their activation. As a result of keratinocyte proliferation and migration,
most wounds are re-epithelialized within 7–10 days.

Although extensive research has been devoted to exploring the mediators
involved in turning on the proliferative phase, little is known about the signals that
downregulate this phase and herald the remodeling and maturation phase.

The Remodeling and Maturation Phase

The main features involved in the remodeling and maturation phase are the removal
of the matrix by proteolytic enzymes and the deposition of collagen from fibroblasts.
This phase begins around the eighth day following injury and can continue for up to
2 years during which time collagen is continually degraded and synthesized in a
balanced manner.

Figure 3 The macrophage is a key actor in the initial phases of wound repair. The myriad
functions of the macrophage within the wound are shown. (From Ref. 7.)
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The production and deposition of collagen occur either at the end of the pro-
liferative phase or at the beginning of the remodeling phase. Type III collagen pro-
duction predominates early, peaks at day 2, and is gone by day 7. Type I collagen
predominates later and is present throughout the remodeling and maturation phase
for at least 4–6 weeks (Fig. 4) (14). The collagen initially involved in the formation of
a scar is thin and arranged parallel to the skin. These fibers gradually thicken and
will organize along the stress line of the wound. This transformation is accompanied
by increased scar strength. These collagen fibers have been shown to differ biochemi-
cally from nonscar collagen with greater hydroxylation and glycosylation of lysine
(15). Although the scar undergoes remodeling for up to 2 years, it never becomes
as organized or exhibits the tensile strength when compared to uninjured skin.

The tensile strength of the wound increases with time. After 1 week, the scar
has 3% tensile strength. After 3 weeks, the wound has a tensile strength of 20%
of its initial strength. After 3 months, the scar exhibits approximately 80% of tensile
strength and no further increase will occur thereafter.

The mature scar is comprised mainly of type I collagen (80–90%) with
some interspersed type III collagen. As mentioned, type III collagen predomi-
nates during the proliferative phase and is involved in the production of granu-
lation tissue. Its production tapers off later during this phase. The actual role of
type III collagen is unknown. Evidence suggests that it does not contribute to
the strength of the wound but may play a causal role in the production and
deposition of type I collagen because its presence coincides with the appearance
of fibronectin.

Another important aspect of wound healing is the process of wound contrac-
tion. The degree of contraction varies depending on whether the wound is closed
primarily or allowed to heal by secondary intention. Although the exact mechanism
of wound contracture is not clear, two theories have been proposed. The prevailing
theory involves the activation of myofibroblasts. After 4 weeks, cells from the prolif-
erative phase are believed to undergo apoptosis. This process transforms the wound
milieu from a cell-rich environment into a scar that is almost completely acellular. The
summation of all remaining contracting myofibroblasts then brings the wound edges

Figure 4 Chronology of wound matrix composition and wound breaking strength
throughout the phases of wound healing. (From Ref. 7.)
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closer together (16). The second theory maintains that the rearrangement of
fibroblasts leads to a reorganization of the matrix and subsequent contraction.

Factors That Influence Wound Healing

An extensive search for a means to promote wound healing through the use of arti-
ficial and natural products has been underway for many years. One area of focus is
the potential clinical use of natural or recombinant growth factors. A multitude of
growth factors have been identified and studied clinically. Growth factors in general
have chemotactic properties that attract inflammatory cells and fibroblasts, are
mitogenic and stimulate cellular proliferation, stimulate angiogenesis, have a pro-
found effect on the production and degradation of the extracellular matrix, and
influence the synthesis of cytokines.

Growth Factors

The target cells, major effects, and sources of several of the commonly known
growth factors are outlined in Table 1. PDGF is a product of platelets and macro-
phages. It is chemotactic for fibroblasts, smooth muscle cells, and neutrophils and is
also a mitogen for smooth muscle cells and fibroblasts (17). It is noteworthy that
VEGF is also in the same family as PDGF and is a potent angiogenic factor.
FGF is a mitogen for fibroblasts but also has angiogenic activities (18,19). TGF-b
1 is a very potent stimulator for collagen deposition and inhibits collagen break-
down. It has also been found to be an important downregulator of the inflammatory
response and inhibits scar formation. EGF stimulates the proliferation and migra-
tion of all types of epithelial cells (20,21). All of the previously mentioned factors
have also been shown to promote protein synthesis through the mediation of growth
hormones (22).

Most of these growth factors have either been studied alone or in combination
in animals and clinical trials on acute and chronic wounds (23). They have been
found to improve healing in almost every type of wound (24,25). In clinical trials,
they have been shown to augment repair in patients with diabetes, malnutrition,
infection, hypoxia, and those undergoing treatment with chemotherapy, steroids,
and radiation. Angiogenic factors have also been used experimentally in pigs to
increase the survival of skin flaps by enhancing the ingrowth of blood vessels.
Recent clinical studies have demonstrated that several growth factors including
PDGF, FGF, EGF, and TGF-b enhance healing in patients with chronic wounds
(28,26,27,28). Steed et al. recently published the results of a multicenter study sug-
gesting that diabetic ulcers healed twice as fast when treated with PDGF as with
placebo (29).

Topical Antiseptics

The utilization of topical antiseptics as surgical disinfectants is a common practice
for many operative procedures (30). It is important to note that some of these agents
have been found to affect wound healing adversely. Many studies have identified the
direct deleterious effects of hydrogen peroxide, chlorhexidine, and providone–iodine
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on fibroblasts, keratinocytes, and endothelial cells (31–33). A study by Goldenheim
compared iodine scrub to iodine solution and found that the iodine scrub adversely
affected wound repair (34). The detergent in the scrub preparation was determined to
be the component responsible for impairing wound healing.

Systemic Conditions

Many systemic conditions can adversely affect the process of wound healing. Some
of the more common conditions include poor nutritional status, immunodeficiency,
hypoxia, diabetes mellitus, and the presence of endogenous or exogenous steroids
(Table 2) (35).

Malnutrition

The negative impact of malnutrition on healing is well known. The degree of protein
deficiency required to affect wound repair is usually quite severe and typically only
seen in cases of chronic alcohol abuse or patients with advanced malignancies. Clin-
ical studies have shown that the levels of albumin, prealbumin, transferrin, and total
lymphocyte counts are sensitive indicators of malnutrition.

Albumin is an excellent predictor of chronic malnutrition. Because its half-life
is 20 days, it is a good measure of long-term malnutrition. Levels less than 2.5mg=dl

Table 2 Common Disease States Associated with Poor Wound Healing

Disease states Local factors

Hereditary Ischemia

Coagulation disorders Infection
Ehlers-Danlos=Marfan syndrome Tissue trauma
Prolidase deficiency Retained foreign body
Werner syndrome Desiccation

Vascular disorders
Congestive heart failure Medications
Atherosclerosis Glucocorticoids

Hypertension Anticoagulants
Vasculitis Antineoplastic agents
Venous stasis Colchicine

Lymphedema Penicillamine
Metabolic Vitamin E
Chronic renal failure Salicylates (high-dose)
Diabetes mellitus Nonsteroidals (high-dose)

Malnutrition Zinc sulfate (high-dose)
Cushing’s syndrome Vitamin A (high-dose)
Hyperthyroidism

Immunological deficiency states
Others
Chronic pulmonary disease

Liver failure
Malignancy

Source: From Singer AJ, Clark RA. Cutaneous wound healing. N Engl J Med

1999;341:738–746.
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indicate severe malnutrition. Prealbumin has a half-life of 2–3 days, rendering it an
accurate indicator of acute protein deficiency.

Transferrin is the most sensitive indicator of rapid changes in protein stores. It
has a half-life of 8–10 days and levels less than 100mg=dl indicate severe protein
depletion, which has been shown to increase the risk of complications from surgery
by two and a half times.

Total lymphocyte count is another commonly monitored nutritional marker.
Similar to albumin, it is a better indicator of chronic malnutrition. Levels below
1200 cells=ml indicate severe malnutrition and have been shown to increase the risk
of infection by 50 percent.

Weight loss is also a good indicator of a patient’s nutritional reserves. Losses
up to 20% below ideal body weight increase surgical wound complications by up to
20–30%, whereas weight loss of greater than 50% has been shown to increase mor-
tality rate by up to 50%.

Nitrogen balance is an excellent means of assessing the adequacy of nutritional
supplementation. In patients with chronic protein depletion, a positive nitrogen bal-
ance of a least 4–6 g=day is required in order to replete protein stores.

Vitamins and minerals play a pivotal role in wound repair. Specifically, vitamin
A, vitamin C, zinc, and iron have all proven to be vital cofactors involved in the
wound healing process. Vitamin A has been shown to increase the rate of epithelial
turnover, increase collagen synthesis rates, and promote cross-linking of
collagen. Preoperative treatment with Retin A is now standard for most surgeons
performing any resurfacing procedure because it has been shown to increase rates
of re-epithelialization. Vitamin C plays a crucial role in wound repair by providing
the hydroxylation of lysine and prolene during collagen synthesis. Vitamin C is also
important in neutrophil function and serves as a reducing agent in superoxide radical
formation. Vitamin E is an oxygen radical scavenger but it is not routinely adminis-
tered because it inhibits collagen production and may reduce the tensile strength of
scars. Due to these properties, however, it is commonly used as a topical preparation
to soften the appearance of scars postoperatively.

Zinc and iron represent the most important trace elements in wound repair.
Their importance is in mediating the expression of growth factors and collagen
synthesis and also in enhancing the immune system.

Diabetes Mellitus

Diabetes mellitus is one of the more common systemic illnesses affecting wound heal-
ing. The prolonged elevated levels of blood glucose render an irreversible angiopathy
that predominantly involves small vessels. This microangiopathy diminishes blood
flow, causing a decrease in oxygen delivery and the supply of vital nutrients and
inflammatory cells required for healing. Furthermore, diabetes adversely affects
the immune system. The elevated blood glucose levels directly alter leukocyte func-
tion that is important in the early phase of wound healing.

Treatment is aimed at controlling elevated blood glucose. There is also evi-
dence that the use of supplemental vitamin A (25,000 units=day) appears to offset
the effects of hyperglycemia and improve wound healing. Some physicians also
advocate the routine administration of vitamin C prior to and after surgery, since
hyperglycemia has been shown to block its absorption.
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Radiation Therapy

Patients who have received therapeutic or supratherapeutic doses of radiation are at
risk for poor wound healing. Radiation has a direct effect on arterioles and the sup-
portive tissue surrounding the vasculature resulting in obliterative endarteritis similar
to the microangiopathy seen in diabetics. The administration of vitamin A and hyper-
baric oxygen has been shown to promote healing in irradiated tissue.

Systemic Glucocorticosteroids and Other Medications

The adverse effects of prolonged use of exogenous or the presence of excessive levels
of endogenous steroids on wound healing are well documented. Steroids directly
alter the inflammatory phase of wound repair and decrease collagen synthesis and
wound contraction. It has also been shown that steroids can decrease levels of
TGF-b, which is a potent stimulator of collagen production and deposition. Vitamin
A has been found to reverse temporarily many of the adverse effects of steroids and
restore levels of TGF-b back to normal. In addition to glucocorticosteroids, many
other medications have been implicated in altering wound healing (36,37).

Hypoxemia

Hypoxemia resulting from infection, hematoma, anemia, vasculitis, or poor surgical
technique can severely affect wound healing. Oxygen is consumed in large amounts
in a healing wound and many important functions are inhibited with its depletion.
However, not all phases of wound healing are adversely affected by low oxygen ten-
sion. In fact, low O2 tension in the early phase of healing actually promotes chemo-
taxis of inflammatory cells and expression of growth factors, angiogenesis, and
epithelial migration. The phase most adversely affected by low O2 tension is the pro-
liferative phase, because fibroblasts are dependent on adequate levels of oxygen to
proliferate and produce collagen. The critical level of oxygen tension required for
normal healing to ensue is 30–40mmHg.

The delivery of supernormal levels of oxygen to wounds, as occurs in hyper-
baric oxygen treatment, has been shown to enhance the rate of re-epithelialization,
fibroblast proliferation, and deposition of collagen. However, hyperbaric oxy-
gen’s impact on improving chronic nonhealing wounds remains controversial.

Congenital Abnormalities

Many congenital abnormalities are important to recognize preoperatively. These
include Ehlers-Danlos syndrome, cutis laxa, pseudoxanthoma elasticum, osteogenesis
imperfecta, and progeria. A common factor in these disorders appears to be that con-
genital errors in the metabolism of collagen invariably result in poor wound healing.
Elective surgery in patients with these conditions should be avoided.

HYPERTROPHIC SCARS AND KELOIDS

The emphasis up to this point has been on conditions that downregulate the phases
of wound healing, resulting in poor wound repair. An overactivation of the wound
healing process can also occur, as evidenced by the formation of hypertrophic scars
and keloids. These two conditions share an excessive production and deposition of
collagen without the equivalent balance of degradation and remodeling. They also
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appear to occur more frequently in areas that are under increased skin tension or
constant motion; earlobes appear to be an exception to this rule. The major differ-
ence between these two conditions is that while hypertrophic scars tend to remain
within the original tissue injury site and will eventually regress over time, keloids
grow beyond the boundaries of the injured site and do not regress.

Keloids and hypertrophic scars also differ histopathologically. Keloids contain
abundant mucin and large, thick bundles of collagen that lie haphazardly within the
dermis. They are also quite vascular. The keloid extracellular matrix is composed
primarily of glycoproteins and water. In contrast, hypertrophic scars contain well-
organized fibrillar collagen, contain no mucin, are less vascular, and contain abun-
dant myofibroblasts (38).

It is unclear whether the pathogenesis of keloids is secondary to the overpro-
duction of collagen or a defect in collagen degradation (39). Various theories propose
a deficiency or defect in collagenase, a disproportionate level of collagenase inhibi-
tors, or an abnormal growth regulation of fibroblasts mediated through TGF-b
(40,41). It is well documented that the metabolic activity in keloids is much greater
than in hypertrophic scars. A variety of cytokines and growth factors have been
implicated in the regulation of this metabolic activity (42). TGF-b and IL-1 have
been shown to increase collagen gene expression in vitro. Studies have demonstrated
that inhibiting TGF-b leads to reduced scar formation.

Two cytokines that appear to be major factors in downregulating collagen pro-
duction and reducing scar formation are IFN-g and IFN-a. Clinical trials using intra-
lesional injections of IFN-g and IFN-a have demonstrated significant decreases in
keloid and hypertrophic scar formation. Some authors have suggested that the forma-
tion of keloids is the result of a cell-mediated response to sebum released from sebac-
eous glands following incision. The specific mechanism involved in the development
of keloids is still unknown and remains an area of active research.

The treatment of keloids is challenging and controversial. Treatment is aimed
at reducing the metabolic activity within the keloid and ultimately suppressing the
production of collagen. The goal in the treatment of both hypertrophic scars and
keloids is to improve their appearance by decreasing the volume of collagen and
extracellular matrix. While intralesional injection of steroids continues to be the
mainstay of treatment, there have been a number of clinical trials supporting alter-
native methods of therapy for keloids (43). These include, but are not limited to,
re-excision of the keloid followed by low-dose radiation therapy (1500–2000 cGY),
laser excision, interferon injection, treatment with adrenocorticotropic hormone
(ACTH), vitamin A, retinoic acid, compressive devices, and the use of silicone
sheeting (44,45).

WOUND HEALING IN OTHER TISSUES

The phases of wound healing in cutaneous injury generally reflect the same principles
during healing in other tissues. However, in certain types of tissues the processes
occurring within each phase of healing can be quite different. This section will focus
specifically on the sequence of wound repair as it applies to the healing of bone frac-
tures, free and revascularized bone grafts, and the processes involved in what is
termed the ‘take’ of skin grafts.
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Bone

Bone is a complex tissue containing osteoblasts, osteoclasts, and bone matrix. Osteo-
blasts are mononuclear cells derived from mesenchymal precursors and are
predominantly surrounded by bone matrix. Their primary role is in bone formation.
Osteoclasts are multinuclear cells derived from the macrophage–monocyte cell line
and are responsible for bone resorption. Bone matrix is the noncellular component
of bone and is comprised of an inorganic and an organic portion. The organic por-
tion contains collagen (95% type I), glycoproteins, and proteoglycans, and has simi-
lar microscopic components to those of dermal skin. The inorganic component of
bone matrix consists of calcium salts, predominantly hydroxyapatite.

Vital to the survival of these bone constituents is the blood supply. Bone is a
highly vascularized tissue and receives its blood supply from the periosteum, endo-
steum, and surrounding soft tissues. For this reason, it is important for the surgeon
to preserve as much periosteum and soft tissue as possible during the management of
facial fractures and the harvesting of osteomyocutaneous free flaps.

Bone is a highly dynamic tissue that continuously undergoes remodeling
throughout adult life. This remodeling is a fine balance of the resorptive properties
of osteoclasts coupled with bone formation by osteoblasts, allowing for continued
metabolic changes to occur without net bone gain or loss.

The healing process that occurs from an injury to bone, either from traumatic
fracture or surgical osteotomy, follows the same principles during the early phases
of wound healing as does healing in other tissues. Healing in the later phase is quite
different and unique to bone (46,47). Initial injury to bone results in disruption of the
blood supply and subsequent recruitment of platelets and fibrinogen to form a hema-
toma. Platelet aggregation and degranulation provide the initial release of cytokines
and growth factors and trigger the onset of the inflammatory phase. The resulting
ischemia and release of lysosomal enzymes from dying osteocytes leads to further
propagation of the inflammatory phase.

The mediators of the inflammatory phase consist of neutrophils, macrophages,
and mast cells that originate from the marrow, endosteum, and periosteum. These
cells enter the fracture site early to begin debriding the wound of devitalized tissue.
The release of cytokines and growth factors from this initial phase sets up the pro-
liferative phase characterized by the migration of precursor mesenchymal and osteo-
progenitor cells from the marrow, endosteum, periosteum, and surrounding muscle.
Activation of these cells, in combination with neovascularization, initiates bone for-
mation. Later in the process, undifferentiated mononuclear cells differentiate into
fibroblasts, chondroblasts, and osteoblasts that produce collagen, lay down carti-
lage, and form new bone, respectively. The aggregation of fibrous tissue, cartilage,
and loosely woven bone forms what is termed a soft callus around the fracture.
The primary component of the soft callus is unmineralized cartilage.

At about 6 weeks, the soft callus is slowly transformed into bone by the process
of endochondral ossification. Type II collagen is degraded and replaced by type I
(48). The organic matrix is converted to calcium hydroxyapatite and mature osteo-
blasts lay down woven bone to create a hard callus or bony union. The fracture site
at this stage can withstand weight loading.

Once the hard callus has been formed, remodeling takes place to restore nor-
mal architecture and re-establish the marrow cavity. A balance of osteoclastic and
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osteoblastic activity within the hard callus replaces the woven bone with layers of
mature lamellar bone. The end result is a healed bone that is virtually indistin-
guishable from intact bone. An important factor unique to wound healing in bone
is the presence of mechanical shearing and torsional forces during repair. These
forces have been found to be essential in the development of a strong bony
union (49,50). In fact, rigid fixation of mandibular fractures through the use of
large reconstruction plates can prevent these vital forces from occurring, leading
to a less than optimal bony union. This process is known as ‘stress-shielding’
(51).

The utilization of bone grafts is common in facial plastic surgery. Bone grafts
are primarily used in the management of extensive facial trauma and reconstruc-
tion following oncological resections, in which bone replacement is the goal. Bone
graft healing generally follows the same principles of wound healing in bone frac-
tures. One of the most important factors in optimizing bone graft survival is place-
ment of the graft in a recipient bed with adequate vascularity. Free bone grafts
placed in a previously irradiated field or an actively infected area will invariably
fail (52).

Bone graft healing involves three separate but overlapping processes: osteo-
induction, osteoproduction, and osteoconduction. Osteoinduction involves the
transformation and activation of mesenchymal cells in the recipient bed into osteo-
clasts and osteoblasts that act to debride devitalized bone and build new bone.
Mesenchymal differentiation is induced by bone morphogenetic proteins (BMPs),
which are inherently present in the bone graft (53). Osteoproduction is the process
by which surviving osteoblasts within the graft produce new bone. Osteoconduction
is the process of vascular and cellular ingrowth into the grafted bone and is mediated
by growth factors. The existing architecture of the bone graft provides a scaffold for
the formation and deposition of new bone. Of note, osteoinduction and osteocon-
duction are the two processes primarily involved in the acceptance and healing of
nonvascularized bone grafts, whereas osteoproduction contributes more to the heal-
ing of free vascularized bone grafts.

Upon placement of a bone graft into the recipient site, an inflammatory
response ensues leading to cellular proliferation, migration, and differentiation(54).
Devitalized bone is removed by osteoclastic activity. Neovascularization provides
revascularization of the graft. Osteoblasts within the bone are either induced from
undifferentiated mesenchymal cells or carried into the bone during vascular
ingrowth. The final result leads to a variable degree of preserved graft as well as
new bone formation.

Nonvascularized bone grafts consist of cancellous bone, cortical bone, or a
combination of the two. Their properties are very different, but the overall healing
process is much the same. Cancellous bone is medullary bone and has a highly cel-
lular component consisting mainly of osteoblasts. It has the highest percentage of
viable transplanted cells per surface area, allowing it to become revascularized as
early as 2 weeks. The presence of haversian canals allows for this rapid revascular-
ization. Most studies have shown that the amount of retained graft after implanta-
tion is up to 80–90%. Due to the highly cellular properties of cancellous bone, it is
used most commonly as a packing material into areas of bone loss, as in mandible
fractures or in nonunion fractures. When the process is complete, cancellous bone
grafts are completely replaced by new bone.
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Cortical bone, on the other hand, is lamellar bone. Its predominant cell type
transferred is the osteocyte. This graft initially is much stronger and is commonly
used as a strut to bridge larger areas of bone loss. However, the percentage of graft
take for free cortical bone is much less than with cancellous bone. This decreased
viability is due to the death of osteocytes resulting from the prolonged period of time
required for revascularization. Membranous cortical bone, such as calvarial bone,
has been shown to exhibit greater take rates (up to 90% in some studies) than endo-
chondral bone (55,56). Cortical bone grafts transferred with a cancellous compo-
nent, such as calvarial or iliac grafts, have a much greater chance of survival, as
do grafts transferred with retained periosteum.

Skin Grafts

Perhaps the most versatile of all reconstructive options, skin grafts are also one of
the most common procedures performed by the facial plastic surgeon. Skin grafts
will be discussed in greater detail elsewhere, but a brief overview of their physiology
in relation to wound healing is warranted here.

Skin grafts can be harvested as either full-thickness grafts containing an intact
epidermis and dermis or as partial-thickness grafts containing an intact epidermis
and a partially intact dermis. Graft survival initially depends on the diffusion of
nutrients and oxygen through the vascularized recipient bed in a process known as
imbibition. Later in the process, the graft receives nutrients through inosculation,
which is the connection of vascular channels in the graft to blood vessels in the
wound bed. This process is complete by 3–4 days. However, the graft acquires a
more permanent means of sustaining survival through direct vascular ingrowth.

After the graft has established its blood supply, healing at the interface ensues.
The remodeling and maturation phase is the most clinically significant phase of skin
graft healing. During this phase, an immature scar will form at the junction between
the graft and the recipient. This leads to two different types of contraction: scar con-
traction and wound bed contraction. Scar contraction occurs predominantly around
the periphery of the graft and is dependent on the degree of extracellular matrix in
the dermis. Split-thickness grafts are less affected by this type of contraction because
they contain fewer dermal elastic fibers and matrix elements. Full-thickness grafts,
on the other hand, contract significantly more because the entire dermal matrix is
present.

Wound bed contraction, as the name implies, refers to contraction that occurs
between the base of the wound and the dermal interface of the graft. The degree of
contraction is dependent on the thickness of the dermal matrix in the skin graft. Stu-
dies have shown that the thickness of the dermis correlates well with the suppression
of wound bed myofibroblasts and ultimately contraction (57). Split-thickness grafts
exhibit the greatest degree of wound bed contraction (up to 50% reduction in the
surface area) due to the paucity of dermal elements present to suppress myofibro-
blasts and resist contractile forces adequately (58).

It is important for the surgeon to be aware of these inherent physiological skin
graft mechanisms because choosing the wrong type of graft for a particular situation
can have potentially devastating aesthetic and functional consequences. Other
important factors in ensuring graft survival are good surgical technique and post-
operative care to prevent infection, seroma, or hematoma.
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OCCLUSIVE DRESSINGS

The basic observation that blisters heal much faster when left intact than when rup-
tured demonstrates the mechanism by which occlusive dressings enhance the healing
and re-epithelialization of wounds. Winter (1960) showed that occlusion of wounds
with a polyethylene film more than doubled wound epithelialization in animals (59).
This discovery ushered in the production and utilization of a variety of occlusive
dressings for the treatment of acute and chronic wounds.

The theory of treating wounds with occlusive or semiocclusive dressings is also
based on the fact that desiccated, crusted wounds heal more slowly than those that
are kept in a moist environment. Dressings promote the healing of wounds by pro-
viding a moist, humid environment by the entrapment of exudate (60). This environ-
ment has been shown experimentally to enhance the function and migration of
epithelial cells. The exudate is also rich in growth factors that further promote epi-
dermal migration and activation of fibroblasts. Numerous studies have shown that
occlusive or semiocclusive dressings can accelerate re-epithelialization and wound
closure up to 40–50% (61,62). This moisture-rich environment also enhances the
autolytic debridement of wounds and provides bacteriostatic properties. A summary
of the advantages and disadvantages of occlusive dressings is shown in Table 3.

There are a number of different types of dressings available. Most contain
hydrocolloids, hydrogels, polymer films, perforated plastic films, or petrolatum-
based products. The choice of dressing has been based on certain properties inherent
in the material. Favorable properties include a high degree of absorbency, low adher-
ence, transparency, pain reduction, and ease of application. A dressing should also
be gas-permeable, allowing for the introduction of oxygen into the wound as well
as the elimination of carbon dioxide (63).

Occlusive and semiocclusive dressings have gained tremendous popularity in
the field of facial plastic surgery for the postoperative management of skin resurfa-
cing procedures such as laser resurfacing and chemical peels. At one point, sheeting
materials (Saran Wrap, Vigilon) were commonly used postoperatively after resurfa-
cing. These materials have been generally abandoned due to difficulty with applica-
tion and adherence and the potential of causing more extensive injury by allowing

Table 3 Advantages and Disadvantages of Occlusive Dressings

Advantages Disadvantages

Rapid healing Accumulation of pus
Reduced pain Hematoma or seroma

Fewer dressing changes Silent infections
Exclusion of micro-organisms Folliculitis
Better cosmetic results Need for healthy borders

Trauma to adjacent skin
Adherence to new tissue
Allergy

Fear of infection
Retarding gain in tensile strength

Source: From Ref. 64.
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chemical peels to penetrate deeper. The dressings of choice that have been accepted
by most surgeons are petroleum-based topical products such as Vaseline and Aqua-
for. These agents have become popular due to their ease of application, their trans-
parent properties enabling one to monitor the status of the wound easily, low cost,
and the rapid acceleration of re-epithelialization. Eaglstein studied the relative rate
of wound healing with the application of a number of different topical agents
(64). Geronemus et al. found that Silvadene and Neosporin increased the relative
rate of wound healing by a factor of 25, while Furacin decreased it by factor of
24 (65). Use of Neosporin as a topical dressing after skin resurfacing has been aban-
doned by most practitioners due to reports of hypersensitivity reactions.

NEW HORIZONS IN WOUND HEALING

One of the most promising areas of wound healing research involves the clinical use of
the growth factors PDGF and KGF (or FGF-7). PDGF can either be derived from
harvested human platelets or generated from recombinant DNA. Multiple studies
have shown that the topical application of PDGF to wounds accelerates neo-
angiogenesis and re-epithelialization. Harvest Technologies Corp. (Norwell, MA)
recently developed SmartPReP, an autologous platelet gel, which contains not only
PDGF but also other growth factors such as TGF-b, VEGF, and EGF. Its beneficial
properties include decreased bleeding and hematomas, reduced swelling and bruising,
no need for postoperative drains or compression dressings, and an accelerated
healing process. Other products such as TISSEEL and FLOSEAL have also
emerged. These products are similar to fibrin glue and their benefits are similar to
platelet gel. Clinical trials are presently underway to determine their efficacy in facial
plastic procedures.

KGF (or FGF-7) is one of the more recently discovered FGFs. It is produced
by dermal fibroblasts, exerts most of its action on epithelial cells, and is found to
have a profound effect on inducing epithelialization (64). It is also indirectly involved
in inducing angiogenesis, granulation tissue, matrix deposition, and collagen synth-
esis. Numerous small studies have confirmed the effects of KGF on wound epithe-
lialization but larger clinical studies are needed.

Bioimplantable Materials

Another important aspect of wound healing pertains to the widespread use of allo-
plastic material for facial implantation. There are many different types of materials,
all of which may be categorized into a subset of groups based on their inherent prop-
erties and the body’s reaction to the material. The remainder of this chapter will
focus on both historical and popular materials for facial implantation, their applica-
tions and shortcomings, as well as the histological changes observed subsequent to
their implantation.

The most important biological events in response to the implant material occur
in the inflammatory phase. All implants trigger a dense inflammatory response within
the host that usually results in capsule formation. The characteristics of this capsule,
when formed, dictate the clinical outcome of the surgery depending on the location of
implantation and the desired physical properties of the implant after surgery.
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Metals and Alloys

The strength and rigid properties of metals render them excellent implant materials
for the repair and augmentation of skeletal defects. Stainless steel, vitallium, and
titanium are all examples of metals that have been used for implantation. Stainless
steel was likely the first modern implant used in facial plastic surgery dating to
the era before World War II; it was introduced in the 1920s. Another popular metal
for implantation, vitallium is a cobalt–chromium alloy introduced in the 1930s that
is composed of 60% cobalt, 30% chromium, and 10% nickel. Titanium is implanted
in almost pure elemental form and is currently the most commonly used metal for
implantation.

The major disadvantage of metal implantation is the inevitable corrosion of
the implant material (66). Although stainless steel is highly susceptible to corrosion,
vitallium and titanium are highly resistant to corrosion because of their natural ten-
dency to form an oxide film. This film both prevents local corrosion of the implant
and decreases the host inflammatory response. Sutow and Pollack cited the fact that
only a minimal localized reaction is observed in bone and periosteum after the
implantation of titanium and vitallium (66). Titanium-osseointegrated implants,
used commonly in oral surgery procedures, produce a minimal response that allows
them to have an intimate connection to surrounding bone and maintain integrity to
support the forces of mastication (67). Titanium is the metal implant material of
choice in modern plastic surgery because of its strength, high resistance to corrosion,
resilience, and light weight.

Roussett first described gold for facial implantation in 1828. Because of its high
degree of malleability, it lacks the structural support necessary for most facial plastic
surgical procedures. However, its use as a weight for eye closure in facial nerve
paralysis is well documented (68,69). It is ideal in this application because of its
heavy atomic weight and the minimal tissue reaction observed on supratarsal
implantation.

Polymers

Commonly referred to as plastic material, polymers have arguably made the most
significant impact on the science of implantation. Polymerization refers to the pro-
cess by which carbon links are chained together in a repeating monomeric unit.
The physical attributes of polymeric material are dictated by the degree of polymer-
ization, cross-linking, the size of the repeating unit, and the position of the repeating
unit in the chain (70). Polymers are classified into several groups based on their
physical characteristics: solid, porous, woven, or injectable. In general, the lower
the molecular weight of the material and the less cross-linking, the more fluid the
polymer.

Solid polymers include solid silicones and polymethylmethacrylate. Silicones
have been used in a variety of procedures in facial plastic surgery. Silicones have a
repeating unit of dimethylsiloxane that dictates the viscosity of the material (71).
This may vary from a liquid injectable form to sheets of solid silicone manufactured
under the name of Sialastic (Dow Corning, Midland, Michigan). When solid
silicone is implanted, a thin fibrous capsule is formed around the material.
There is minimal to no ingrowth of host tissues into the implant. This minimal
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inflammatory response occurs only under the optimal conditions of small implants
that have been well stabilized (72). In implants subject to migration, a dense reaction
is noted resulting in a much thicker capsule. For silicone rubber and Sialastic, rare
instances of resorption have been reported (73). Although the Food and Drug
Administration (FDA) does not approve of injectable silicone, preformed silicone
implants are used for malar, mental, nasal, and mandible augmentation. The use
of silicone in nasal augmentation has fallen out of common use because of a rela-
tively high degree of extrusion (74).

Polymethylmethacrylate is an acrylic polymer that possesses the advantages of
great strength and rigidity and may be sculpted in the operating room during sur-
gery. The polymer is supplied in a powder form that is mixed with a monomer liquid
to form the final product. This process is highly exothermic and may reach tempera-
tures in excess of 1008 C. These high temperatures have rarely resulted in intraopera-
tive complications (75). Such reactions are exceedingly rare and have never been
reported in facial plastic procedures. The inflammatory response to implantation
of polymethylmethacrylate has been described as intense and characterized by amulti-
nucleated giant cell reaction (76). Because of its many potential advantages, it
remains a viable choice for cranioplasty in neurosurgical procedures and in selected
cases of orbital reconstruction.

The porous polymers include high-density porous polyethylene (HDPE) (Med-
pore, Marlex) and polytetrafluorethylene. HDPE exhibits a minimal inflammatory
response with the ingrowth of tissue into the porous implant (77). It is composed
of chains of ethylene units with a high degree of side-chain branching. The size of
the pores within the HDPE dictates the amount of fibrous ingrowth with the pore
size of 150 mm being ideal.

Polytetrafluorethylene (PTFE; Proplast II, Vitek, Houston, TX) is also highly
porous; the size of the pores range from 200 to 500 mm and the pore volume makes
up to 90% of the total volume of the implant (78). Implantation has been shown to
have few complications and a high degree of reliability. Within the implant, a dense
inflammatory cell response with granulation occurs (79). Another advantage of Pro-
plast II is its relative ease of sculpture and it has been used successfully in orbital,
malar, nasal, mandibular, and ossicular chain reconstruction.

Gore-Tex (W.L. Gore, Flagstaff, AZ), a fibrillated polytetrafluorethylene, has
been more recently introduced and met with wide success. It is produced as a soft
tissue augmentation patch in thicknesses of 1, 2, and 4mm and is easily cut and
shaped. It has been used commonly for nasal, malar, lip, and brow augmentation
(80). A pore size of 30 mm may delay the ingrowth of fibrous tissue; however, the
inflammatory response is similar to that seen in Proplast. In general, it is a reliable
and stable implant.

The meshed polymers include polyamide mesh (Nylamid Mesh, S. Jackson
Inc, Mineapolis, MN), HDPE mesh (Marlex Mesh), polypropylene polymer mesh
(Prolene, Ethicon, Inc, Somerville, NJ), and polyethylene terephthalate (Dacron,
Merceline, Ethicon). The major advantages of mesh include its malleability and sta-
bility with implantation due to ingrowth of surrounding tissue. It may be folded,
sutured, cut, and shaped with ease. The material can be problematic, however, if
infected and removal is difficult due to its adhesion to surrounding tissue. Polymer
mesh was initially thought to be chemically inert and highly resistant to breakdown.
Due to evidence of structural breakdown and loss of material, meshes are now used
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infrequently for facial implantation (81). Several authors have found Mersiline mesh
to be helpful in malar and chin augmentation, but by far the most common use of
mesh polymers is in abdominal wall repair (82–84). Silver and Maas suggest in pre-
viously unpublished data that Mersiline also undergoes significant resorption and
loss of structural support after several years of implantation and question its use
in facial augmentation (76). As expected, a dense inflammatory response with multi-
nucleated giant cells is seen surrounding the implanted mesh (85).

Injectable polymers include silicone and PTFE paste, and while initially pro-
mising, these materials have shown various problems in clinical use. Injectable sili-
cone was widely used in facial augmentation when first released, however, major
problems with migration and extrusion were noted. Case reports of systemic and
severe local allergic and inflammatory reactions were published. As a result, inject-
able silicone is not approved for facial augmentation and is not widely used. PTFE
paste (Polytef paste) has been used successfully in vocal cord augmentation, how-
ever, its use in facial augmentation is limited due to foreign body reaction and diffi-
culties in injection due to its high viscosity. Injectable collagen and Alloderm have
generally replaced injectable polymers in facial plastic surgery.

Ceramics

Ceramics have been used extensively in facial implantation. These are silicate-based
materials that have recently become more popular due to the development and
extensive use of hydroxyapatite. The implant’s chemical similarity to osseous bone
and teeth allows the implant to become easily integrated into bony tissue and pro-
mote replacement of bony tissue when placed next to bone (82,83,86). Its uses
include genioplasty, alveolar ridge augmentation, orbital floor and roof repair,
and tegmen repair in middle ear surgery (87,88). It is easily shaped and contoured
as a cement form and has been shown to be relatively resistant to infection (89).

Acellular Human Dermis and Mammalian-derived Implant Materials

In contrast to the synthetic materials previously described, several bioimplantable
materials are derived from mammalian tissues, especially from human cadavers.
Injectable collagen is derived from bovine tissue and is comprised mainly of type I
collagen. While it has been used extensively in lip, malar, and chin augmentation,
it typically resorbs in 3–9 months. Minimal tissue reaction is seen in most forms.
A concern when using collagen for implantation is its relatively high propensity
for allergic reaction. As such, skin testing is recommended prior to the implantation
of large amounts of collagen.

With the availability of acellular human dermis (Alloderm, Lifecell Corp., The
Woodlands, TX), the field of tissue implantation has rapidly expanded (90). Acellular
human dermis is processed from cadaveric human dermis and rendered acellular
through a process of detergent treatment that rids the tissue of antigenic cellular
material while maintaining the structural integrity of the extracellular matrix. This
matrix is composed of glycosaminoglycans, collagens, and growth factors. Further
treatment with amorphous ice crystals maintains the structure of the matrix for sto-
rage and subsequent reconstitution in normal saline in the operating room. Animal
studies and human clinical trials have revealed no evidence of allergic response (50).
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Over time, the implant is repopulated with the recipient’s own cells and revascular-
ized.

Many aesthetic procedures have been performed with acellular human dermis.
It has been used in lip augmentation; sheets or rolls of the material are placed in a
tunnel superficial to the orbicularis oris. Nasolabial sulcus augmentation with the
material is performed in a similar fashion through carefully placed nasal sill inci-
sions. Sheets of acellular human dermis have been placed for glabellar, malar, sub-
malar, and chin augmentation. In rhinoplasty, it is often useful in tip and dorsum
contouring, especially in patients with very thin or traumatized skin. Another use
is in the augmentation of depressed scars and in acne pit repair. Although Alloderm
is commonly used to augment various areas of the face, it is prone to at least partial
resorption, especially if the graft is placed in an area subject to movement such as the
nasal tip. For example, Alloderm should not be used to repair a saddle nose defor-
mity because the deformity may recur due to implant resorption.

An injectable form of Alloderm (Cymetra) has been successfully used in vocal
cord augmentation and in applications previously reserved for injectable collagen.
Other similar materials, such as acellular porcine small intestine submucosa (Surgi-
sis, Cook Surgical, Bloomington, IL), have met with similar success to Alloderm in
experimental models.

CONCLUSIONS

The intrinsic complex molecular mechanisms involved in wound healing, the external
factors that augment or impede healing, and the effect of the implantation of mate-
rial for augmentation all play important roles in the final appearance of facial
surgical procedures. Extensive knowledge of these factors is imperative when consid-
ering the surgical management of facial defects. Many materials are available to the
surgeon and the appropriate selection may make the difference between an accepta-
ble result and an exceptional result. Newer implantable materials and treatments to
promote organized wound healing promise improved aesthetic results in the hands of
skilled surgeons. Only through further basic science and clinical research will this
vital aspect of plastic surgery continue to advance at a rapid pace.
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This chapter provides the cutaneous surgeon with an up-to-date, practical approach
to skin neoplasms to encourage organized thinking from the time of initial contact
with the patient to the selection and execution of the most appropriate therapy. This
is not a exhaustive review. Many entities for which surgery is not indicated have not
been included (i.e., cutaneous lymphomas) and from each group of neoplasms only
the most frequent were selected. Both benign and malignant tumors will be
described, but emphasis is placed in those most likely to be found in clinical practice.
Rare tumors are only briefly mentioned for the sake of completeness.

BENIGN TUMORS OF THE SKIN

Benign tumors (Table 1) are extremely common but an accurate estimate of their
true incidence is impossible because most patients seek medical attention only after
symptoms appear, or when a long-standing lesion undergoes noticeable change in
size or color. The majority of benign cutaneous tumors present nonspecifically
and preoperative diagnosis is difficult. Lesions may appear as papules, nodules,
or plaques varying in size from a few millimeters to several centimeters. They
can be single or multiple and may involve any body part. Color ranges from var-
ious tones of red, pink, or blue to skin-colored. Genetic influences must be sus-
pected when tumors are multiple and symmetrically distributed on the face, scalp
or trunk.

Treatment of benign skin tumors is usually requested for cosmetic reasons, fear
of having a skin cancer, or, less frequently, because a concerned parent or spouse
brings the patient for evaluation. Diagnosis of benign skin neoplasias is based on
clinical identification and histological confirmation. Scaling, ulceration, and hyper-
keratosis indicate epidermal involvement. Dermal tumors are characterized by
induration and plaque formation. Some tumors may be painful on pressure, the most
characteristic of these being leiomyoma, endometrioma, neuroma, dermatofibroma,
angiolipoma, neurilemmoma, eccrine spiradenoma, granular cell tumor, and glomus
tumor (the mnemonic is LEND AN EGG) (1).
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Table 1 Benign Tumors of the Skin

Nevi
1. Melanocytic Nevi

Junctional
Compound

Intradermal
Atypical
Congenital Melanocytic

Halo
Nevus Spilus
Blue

Mongolian blue spot
Nevus of Ota and Ito
Spitz

2. Nevus verrucosus
3. Becker’s nevus
4. Sebaceous nevus
5. Comedo nevus

6. Nevus lipomatosous superficialis
7. Connective tissue nevus

Skin tags

Seborrheic keratoses
Actinic keratoses
Dermatofibromas

Keloid scars
Adnexal tumors
1. Hair differentiation

Trichoepithelioma

Trichofolliculoma
Trichillemoma
Pilomatrixoma

2. Eccrine differentiation
Eccrine hidrocystoma
Syringoma

Eccrine poroma
Eccrine spiradenoma
Clear cell hidradenoma

Chondroid syringoma
3. Apocrine differentiation

Apocrine hidrocystoma
Syringocystadenoma papilliferum

Hidradenoma papilliferum
Cylindroma

4. Sebaceous differentiation

Sebaceous hyperplasia
Sebaceous adenoma

Cutaneous cysts

Epidermoid
Milia

(Continued)
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Benign neoplasms are recognized by their nonaggressive clinical behavior and
lack of local tissue destruction. On histological examination they are identifiable by
architectural order in the arrangement of cellular nuclei, uniformity in size and shape
of nuclei, a controlled ratio of growth, a low number of normal mitoses, and absence
of metastases (2).

For most tumors, the initial diagnostic biopsy is also therapeutic. To ensure
suitable specimens consisting of epidermal and dermal elements along with subcuta-
neous fat, we recommend excisional biopsies over shave biopsies because the latter
are too superficial. This is particularly relevant in cases of pigmented lesions when
melanoma is part of the differential diagnosis. However, if the lesion is larger than
2 cm or is located on the face, genitals, or digits, an incisional or punch biopsy is
advisable to document the diagnosis prior to therapeutic excision.

Nevi

Nevi are lesions usually present at birth and are composed of mature or nearly
mature structures. The term is more often applied in the literature to melanocytic
nevi, which are benign proliferations of nevomelanocytes. Hamartoma is the appro-
priate term to describe nevi without nevus cells.

Melanocytic Nevi

Melanocytic nevi are benign collections of nevus cells, which are identical to melano-
cytes but arranged in clusters or nests. They present clinically as flat, pedunculated,

Table 1 (Continued)

Pilar
Dermoid

Steatocystoma Multiplex
Oral Mucous
Mucous cyst of the Fingers

Bronchogenic and Thyroglossal duct cysts
Vascular tumors

1. Congenital hemangiomas

Nevus flammeus
Capillary hemangioma
Cavernous hemangioma

2. Angiokeratomas
Angiokeratoma circumscriptum
Angiokeratoma Mibelli

3. Pyogenic granuloma

4. Glomus tumor
5. Lymphangioma

Lipoma

Neurofibroma
Granular cell tumor
Leiomyoma
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dome-shaped, or papillomatous lesions with variable pigmentation. These tumors
are extremely common and everyone has such blemishes, sometimes in profusion.
They are commonly referred to as moles, usually develop during infancy and adoles-
cence, and tend to disappear in middle age.

On histological examination, nevus cells have a variable appearance and some-
times the diagnosis is based on the observation of their gathering in clusters. Indivi-
dual cells are cuboidal or oval, with homogeneous cytoplasm and a large or oval
nucleus. Frequently they contain melanin. Deeper into the dermis, nevus cells resem-
ble fibroblasts since they are elongated and posses a spindle-shaped nucleus.

Junctional nevi represent the earliest stage of development. The clusters of
nevus cells are localized to the lower epidermis. On clinical examination they are
either flat or slightly raised, and have a single color or are two-toned. In contrast
to malignant melanoma, the pigment within the lesion is uniform. The surface is
usually smooth and the skin creases preserved. The shape is oval or round, and size
is variable but usually ranges from 6 to 10mm.

Compound nevi represent a later stage of development with the nevus cells dis-
tributed in both the lower epidermis and superficial dermis. They are slightly to mod-
erately raised, round, smooth or warty, sharply defined, and two-toned (Fig. 1).
Some may grow coarse hairs on the surface.

Intradermal nevi tend to be flesh-colored because most cells containing pig-
ment are situated deep in the dermis. Lesions are dome-shaped and may have telan-
giectasias on the surface. On histological examination the junctional component is
lost, which leaves an entirely intradermal lesion. Nevus cells become progressively

Figure 1 Compound melanocytic nevus of the lower midback. Lesion is small, slightly

elevated, with well-demarcated borders and even pigmentation.
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smaller with darkly staining nuclei and little cytoplasm. They may adopt a spindle
cell form and frequently show what are termed neural features.

Atypical nevi or dysplastic nevi (3) are larger than their normal acquired mel-
anocytic counterparts, ranging in size from 5 to 15mm. They show various tones of
tan, brown, black, and pink and characteristically there is a central palpable eleva-
tion. Atypical nevi continue to appear throughout life and are considered a marker
and a risk factor for malignant melanoma. On histological examination these are
compound nevi with atypical individual cells and nests.

Congenital melanocytic nevi (CMN) are present at birth. They affect approxi-
mately 1% of newborns and persist throughout life (4). They are usually larger than
1 cm, round to oval in shape, and elevated from surrounding skin. The surface may
be smooth or warty and frequently hairy. Color ranges from light tan to dark brown
with the darker portion located in the center of the lesion. The so-called giant bath-
ing trunk nevus is a CMN covering one or several body segments (Fig. 2). On his-
tological examination, CMN are either compound or intradermal nevi but extend
deeper into the dermis and subcutaneous fat. The nevus cells involve sebaceous
glands, hair follicles, arrector pili muscles, and eccrine glands. In general, CMN
smaller than 10 cm have a 1% chance of malignant transformation, whereas lesions
larger than 10 cm have a 6% chance.

Halo nevus (Sutton’s nevus) is a melanocytic nevus surrounded by an area of
complete depigmentation (5). It is thought to be an autoimmune phenomenon
because patients have detectable antibodies against melanocytes (Fig. 3). Lesions
are single or multiple and are completely benign. There is an association with other

Figure 2 Giant bathing trunk nevus with extensive involvement of trunk and extremities.
This variety of compund melanocytic nevus carries a significant risk for melanoma during

infancy.

Skin Neoplasms 81



autoimmune disorders, particularly vitiligo. On histological examination, halo nevi
represent compound melanocytic nevi. There is a marked inflammatory infiltrate
surrounding the lesion with progressive destruction of pigmented cells.

Nevus spilus (6) is an acquired lesion characterized by a macular background
with a raised and darker component within it. It has been associated with neurofi-
bromatosis. On histological examination the lesion is characterized by epidermal len-
tiginous hyperplasia in association with a junctional or compound nevus.

Blue nevus (7) represents a failure of melanocytes migrating from the neural
crest to arrive at the dermal–epidermal junction. Lesions appear as round to oval
blue papules with a smooth surface. The melanocytes are found in the lower dermis
and the refraction of light at this level results in the blue appearance (Tyndall’s
effect). On histological examination there are heavily pigmented spindle-shaped mel-
anocytes arranged in fascicles in the dermis.

Figure 3 Halo nevus consists of a characteristic depigmented ring around a congenital
melanocytic nevus.
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Mongolian blue spots (8) also represent a migratory arrest of melanocytes.
They appear as extensive blue macules over the buttocks and sacrum. Asian, Latin
American, and African-American newborns are more susceptible. Lesions tend to
disappear with time and there is no risk of malignant transformation. There are elon-
gated dendrytic melanocytes in the reticular dermis on histological examination.

Nevus of Ota and Ito (9) is a permanent blue macule indistinguishable from the
Mongolian blue spot. Nevus of Ota occurs in the face on the area supplied by the
ophthalmic and maxillary divisions of the trigeminal nerve (Fig. 4). Nevus of Ito
affects the shoulder in an area supplied by the posterior supraclavicular and lateral
brachial cutaneous nerves. Both are more frequent in Japanese patients. They are
identical histologically to the Mongolian blue spot.

Spitz nevi (juvenile melanoma) are uncommon but important because they may
create confusion with malignant melanoma (10). The lesions are usually solitary

Figure 4 Nevus of Ota involving the left forehead, eyebrow, eyelid, and inner canthus. The
lesion is blue, congenital, and permanent.
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smooth-papules or nodules that often involve the face. They are dome-shaped and
red to brown in color. Their size is variable but usually less than 1 cm. In contrast
to melanoma, Spitz nevi typically affect children and adolescents. On histological
examination the cells are epithelioid or, more commonly, spindle-shaped with abun-
dant eosinophilic cytoplasm and large but typically uniform nuclei. Mononuclear
and multinucleate giant cells may be present. The deeper aspect of the lesion shows
evidence of maturation, as would be expected in a benign compound nevus. In
approximately 60% of cases there are eosinophilic globules in the epidermis
(Kamino bodies). In addition, the lack of atypical mitoses, and the evident matura-
tion towards deeper parts of the tumor, help to differentiate a Spitz nevus from
melanoma.

Management of Melanocytic Nevi

Junctional, compound, and intradermal nevi have negligible malignant potential and
surgical excision is indicated only for cosmetic or diagnostic reasons. Congenital
melanocytic nevi larger than 10 cm must be excised because they have a 6% chance
of malignant transformation. Dysplastic nevi must be excised to rule out melanoma.
Nevus of Ota is best treated with lasers (11). Both the alexandrite (755 nm) and Q-
switched ruby laser (694 nm) are effective but require multiple sessions given 8 weeks
apart.

Other Cutaneous Nevi or Hamartomas

Nevus Verrucosus (12) appears at birth as a well-defined, raised, and verrucous pla-
que (Fig. 5). It may be unilateral (nevus unis lateralis) or bilateral, extensive, and

Figure 5 Nevus verrucosus of the midanterior trunk. The lesion is a congenital, verrucous,
and hyperpigmented plaque with linear arrangement.
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frequently associated with skeletal or central nervous system (CNS) abnormalities
(ichthyosis hystrix). Occasionally, an inflammatory component may be present in
association with linear epidermal nevi (inflammatory linear verrucous epidermal
nevus [ILVEN]. The histological appearance is characterized by squamous papillo-
mata showing hyperkeratosis, papillomatosis, and acanthosis.

Becker’s nevus (BN) appears during adolescence, is flat initially, but may
become raised (13). It is pigmented and subsequently grows thick, coarse hairs.
BN is more common in male patients and although the chest, shoulder, and upper
arms are the usual sites of involvement, it may arise anywhere (Fig. 6). An associa-
tion with other developmental abnormalities (spina bifida), multiple lesions, and
familial cases have been noted. Histological examination shows mild hyperkeratosis,
focal acanthosis, and a slight increase in the granular cell layer. There is a marked
pigmentation of the basal layer associated with increased number of melanocytes
and pigmentary incontinence. A common finding is the presence of abundant
smooth muscle bundles in the dermis.

Sebaceous nevus is a congenital lesion that originates in the sebaceous glands.
The tumor is a hairless yellowish plaque of variable size and warty surface. Most com-
monly, it affects the scalp as a solitary lesion. Sebaceous nevus is an androgen-depen-
dent tumor, which enlarges at puberty synchronous with the rest of the sebaceous
glands. It is medically important because a significant number of cases may transform
into syringocystadenoma papilliferum (14) or basal cell carcinoma. On histological
examination the tumor is characterized by acanthosis and papillomatosis. Sebaceous
glands are increased in numbers and are situated abnormally high in the dermis.
There may be abundant cysts and the hair follicles are reduced in number or absent.

Figure 6 Becker’s nevus of the right shoulder. The lesion is hyperpigmented, appears during
adolescence, and may become thick and hairy.
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Comedo nevus (15) presents as numerous keratin-filled pits (blackheads). Most
commonly, the lesion develops during childhood, although some cases may be pre-
sent at birth. The most frequent location is the face but it can occur on the neck,
extremities, or trunk. Tumors are single or multiple, and may be arranged in linear
fashion. Histological examination shows an atrophic epidermis with numerous cysti-
cally dilated hair follicles.

Nevus lipomatosus superficialis is characterized by dermal deposits of mature
fatty tissue. The lesions are soft cerebriform papules and plaques, usually located on
the thighs, back, or buttocks of children. Nevus lipomatosus superficialis can be pre-
sent at birth or develop during the first two decades of life. Histological examination
shows mature fat cells within the superficial dermis.

Connective tissue nevus (16) is a benign collection of dermal collagen and elas-
tic fibers. The lesions are firm, smooth nodules and plaques located on the back,
thighs, and buttocks. They are skin-colored and of various sizes. Tumors appear
during the second decade of life and may be associated with hypertension and car-
diomyopathy. Connective tissue nevi may also be present in patients with tuberous
sclerosis (angiofibromas of the nose, mental retardation, seizures) and the Buschke-
Ollendorf syndrome (asymptomatic, irregular, radiopaque lesions situated especially
in the long bones, pelvis, hands, and feet). The characteristic histopathological
change is a marked increase in dermal collagen.

Management of Nonmelanocytic Nevi

The nevi may be surgically excised for diagnostic or cosmetic purposes.

Skin Tags

Skin tags are small, pedunculated, soft papules with variable pigmentation. They
usually affect the neck, groin, and axillae, and tend to increase in number with
advancing age. On histopathological examination, there is a mature keratinizing
squamous epithelium, which overlies a fibrovascular core.

Skin tags are usually excised for cosmetic reasons. Scissor excision is adequate
for most lesions. Cryotherapy or electrodesiccation is a valid alternative.

Seborrheic Keratoses

Seborrheic keratoses (SK) are benign proliferations of epidermal cells. They are
extremely common in the elderly and consist of well-defined, raised papules or pla-
ques with rough warty surface. A characteristic feature of SK is that they seem to be
stuck onto the skin (Fig. 7). Color varies from skin-colored to brown or black. Der-
matosis papulosa nigra is a variant that occurs in African-Americans, mostly on the
face. Lesions are small, black, and multiple. On histological examination, there is
hyperkeratosis, acanthosis, papillomatosis, and cyst formation.

Cryotherapy with liquid nitrogen is highly effective (17). Inflammation and
redness are evident immediately, and the lesion sloughs off in approximately 2
weeks.

Curettage and electrodesiccation are also effective but require local anesthesia.
Laser therapy (Ultrapulse CO2 or erbium) is an elegant but expensive modality

to treat multiple SK.
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Actinic Keratoses

Actinic keratoses (AK) are premalignant skin lesions occurring in sun-damaged
skin. They appear clinically as erythematous papules with a rough scaly surface
(18). Early lesions may be felt more than seen. Most commonly, AK affect the
exposed skin of the face and upper extremities. The cheeks, forehead, and dorsum
of hands are frequent locations (Fig. 8). The lower lip (actinic cheilitis) and, in
balding men, the scalp are also involved. Lesions are multiple and develop gradu-
ally over the years. Most tend to become thicker (hypertrophic AK). The rate of
malignant transformation for each individual AK is approximately 5%, but in
patients with multiple lesions the risk is over 20%. On histopathological examina-
tion the most characteristic findings are variable degrees of focal epidermal displa-
sia with overlying parakeratosis and crowding of basal cells. The dermis shows
solar elastosis.

Cryotherapy with liquid nitrogen may be the treatment of choice. It is effective,
quick, inexpensive, and widely available (19). Two freezing cycles of 10 s each are
usually sufficient for each lesion, although, hypertrophic AKs require longer cycles.

Topical 5-fluorouracil (5-FU) (an antimetabolite that blocks the incorporation
of thymidine into DNA) is also effective. The usual regimen involves twice-daily
applications and a topical steroid is prescribed to decrease the inflammatory reac-
tion, which in some patients is quite severe. Another option involves application
of topical 5-FU in the morning and night in combination with topical tretinoin
(Retin A) at midday for 4 weeks.

Figure 7 Seborrheic keratosis shows a verrucous hyperpigmented surface with characteristic

stuck-on appearance.
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Medium-depth chemical peel is indicated for multiple lesions and extensive
solar damage. We prefer glycolic acid 70% for 2min followed by trichloroacetic acid
(TCA) 30% until mild frosting; or Jessner’s solution (resorcinol 14 g, salicylic acid
14 g, lactic acid 14 g) followed by TCA 35%. Treatment is done under local anesthe-
sia, peeling occurs at 4 days, and complete recovery is usually seen at 7 days.

Dermabrasion and ultrapulse CO2 laser therapy yield similar results to chemi-
cal peel. The latter is the treatment of choice for actinic cheilitis.

Curettage and electrodesiccation are the preferred modalities for hypertrophic
AKs because these are the only modalities that provide a histological specimen to
allow one to rule out squamous cell carcinoma.

Dermatofibroma

Dermatofibroma (DF) is a reactive proliferation of fibroblasts, histiocytes, and
endothelial cells, probably occurring in response to a remote insect bite (20). Lesions
are firm, round to oval, from 3mm to 3 cm, hyperpigmented, and with a smooth sur-
face (Fig. 9). DF may be single or multiple and affect any body site, although the leg
is the most frequent location. Pain is a variable feature. Histological examination
shows interlacing fascicles of spindle cells, foamy histiocytes, and variable multinu-
cleated giant cells. An important feature that differentiates DF from malignant fusi-
form tumors is the lack of nuclear pleomorphism, necrosis, or mitotic activity.

DF has no malignant potential, therefore, treatment is not necessary (21). Sur-
gical excision is the treatment of choice for painful tumors, for cosmetic reasons, or
to rule out malignant melanoma.

Figure 8 Actinic keratoses on the forehead of an albino female patient. The lesions are red
with a rough scaly surface.
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Keloid Scars

Keloid scars represent a hyperproliferative response of connective tissue to trauma
(22). Known stimuli include burns, inflammatory acne, surgery, and ear piercing.
The tendency to form keloids is inherited, although a precise mode of transmission
has not been defined. There is a racial predisposition, and African-American people
are more susceptible. The most frequent locations are the chin, earlobe, neck,
shoulders, upper back, and sternum, probably in relation to skin tension and mobi-
lity. The posterior scalp may also be involved (acne keloidalis nuchae). By definition,
keloids spread beyond the area of initial trauma. Lesions are firm, thick, hyperpig-
mented papules, nodules, or plaques. They have a characteristic shiny surface and
may be confluent. Histological examination shows dense fibrous tissue composed
of thick collagen bundles and variable inflammatory infiltrates.

Surgery followed by radiation therapy has a 75% response rate (23–25). How-
ever, keloids larger than 2 cm and those that have failed to respond to previous ther-
apy are likely to recur.

Surgical excision alone has been disappointing. Essentially 100% of keloids
recur within 4 years. At least 50% regrow even when flaps or grafts are used.

Intralesional triamcinolone (10–40mg=ml every month alone or in combina-
tion with surgery) is moderately effective. When given as an adjunct to surgery,
the triamcinolone is injected at the time of excision, at 2 weeks, and monthly there-
after for several months. Adverse effects include skin atrophy, telangiectasias,
necrosis, and Cushingoid features.

Figure 9 Dermatofibroma of the right hand dorsum. The lesion is firm, smooth, and
hyperpigmented.
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Compression therapy can be combined with surgery and steroids. Results are
good, although recurrences occur after the pressure is released. Best results are
obtained in earlobe keloids.

Cryotherapy with liquid nitrogen alone or in combination with intralesional
steroids is moderately effective. Injections are maintained for several months to pre-
vent recurrences.

Electrosurgery in combination with intralesional steroids shows results similar
to other therapies.

Silicone patch occlusive therapy is moderately effective for some keloids.
Studies show favorable results when the patch is used at least 12 h daily for 8–12
weeks.

Benign Adnexal Tumors

The pluripotential cells that give rise to these tumors may differentiate into four
basic groups: hair follicle, eccrine gland, apocrine gland, and sebaceous gland
(26,27). The degree of differentiation is established according to the resemblance
of the tumor cells to the normal structures. Hyperplasias are composed of mature
elements, almost identical to normal tissue, but increased in number. Adenomas
are less differentiated but mature glandular or follicular structures are identified.
In epitheliomas, the degree of differentiation is even less, and it is hard to identify
the type of structures that the tumor is forming. Sweat gland origin is suggested
by positive immunohistochemical (IHC) stains to carcinoembrionic antigen
(CEA), epithelial membrane antigen (EMA), cytokeratins (CK), and gross cystic
disease fluid protein (GCDFP-15).

Tumors with Hair Follicle Differentiation

Trichoepithelioma is an autosomal dominant condition characterized by multiple,
small, skin-colored papules on the central face, trunk, or proximal extremities
(28–31). The cheeks, nose, and nasolabial folds are favorite sites (Fig. 10). Lesions
have surface telangiectasias and pearly border and resemble small basal cell carcino-
mas clinically. Histopathological examination shows islands of small basophilic cells
with central keratin cyst formation. Abortive hair germs may be present and periph-
eral palisading is variable.

Trichofolliculoma (32) presents as a skin-colored, dome-shaped papule on the
face and neck. A characteristic feature in some lesions is a central pore containing
delicate hairs. On histological examination there is a cystic cavity lined by keratiniz-
ing squamous epithelium from which multiple primordial hair follicles arise.

Trichilemmoma presents as a small, warty, flesh-colored papule on the face of
an elderly patient. The lesion is solitary and the most frequent location is the nose.
When multiple lesions occur, the diagnosis of Cowden’s disease is likely, and a search
for breast cancer is indicated. This disorder is inherited as an autosomal dominant
trait. On histopathological examination there are small uniform cells with round
or vesicular nuclei that show peripheral palisading.

Pilomatrixoma (calcifying epithelioma) is common in children of both genders.
It predominates on the head and neck areas, where more than 70% of the lesions
occur. The lesions tend to be round to oval, dome-shaped, or multilobulated. Size
ranges from 0.5 to 5 cm in diameter. Color is usually erythematous, skin-colored,
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or yellowish. Individual lesions are firm in consistency and many calcify. On histo-
logical examination the tumor is in the lower dermis where a characteristic dual
population of basophilic and so-called shadow cells is observed.

Tumors with Eccrine Differentiation

Eccrine hidrocystoma is bluish in color and cystic in consistency (33–35) (Fig. 11).
The most common location is around the eyelids of middle-aged women. Some
tumors may show an increase in size during summer when sweat production is
increased. Histopathological examination demonstrates a cystic cavity lined with a
double layer of cuboidal epithelial cells with eosinophilic cytoplasm.

Syringoma (36) usually presents as multiple, bilateral, skin-colored papules
around the eyelids (Fig. 12) but chest, neck, and distal extremities may also be
involved. Women are more frequently affected than men and familial aggregation

Figure 10 Multiple trichoepitheliomas appearing as innumerable skin-colored papules on
the face of a young woman. The area to be biopsied was marked with ink.
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Figure 11 Cystic bluish papule on the eyelid corresponds to an eccrine hidrocystoma.

Figure 12 Syringomas presenting as multiple skin-colored papules on the eyelids of a young
woman. Her mother and brother have similar lesions.
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is possible. On histological examination there are multiple small, irregular, cleftlike
glandular spaces within the dermis (Fig. 13). The spaces are lined with a double
layer of epithelium and tangential cutting gives the characteristic tadpole-like
appearance.

Eccrine poroma (37) is usually single and affects the palms or soles. The lesions
are pink or red, sessile or pedunculated nodules with a surrounding moat (Fig. 14).
On histopathological examination there are broad anastomosing bands of small and
uniform cells replacing the epidermis and forming ductlike structures.

Eccrine spiradenoma (38) usually affects young adults of both genders in any
location. It presents as a solitary intradermal nodule measuring 1–2 cm in diameter.
Lesions may be tender or painful. Histopathological examination demonstrates well-
demarcated, sometimes encapsulated dermal lobules with two types of cells. Cells in
the periphery have small dark nuclei and represent undifferentiated cells. Central
cells have a large pale nucleus and are located around small lumina.

Clear cell hidradenoma appears as a cyst or intradermal nodule measuring
between 0.5 and 2.0 cm. Both men and women are affected equally. Location is vari-
able. On histological examination the tumor consists of lobular masses composed of
cells with clear cytoplasm. Cystic spaces and lumina lined by cuboidal or columnar
secretory cells are present.

Chondroid syringoma (39,40) is rare, usually solitary, and occurs predomi-
nantly on the head and neck. It is a firm, intradermal, or subcutaneous nodule.
Histopathological examination shows tubular lumina embedded in abundant
mucoid stroma containing fibroblasts and chondrocytes.

Figure 13 Histopathological examination of syringomas shows dermal glandular structures
with characteristic tadpole-like appearance.
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Tumors with Apocrine Differentiation

Apocrine hidrocystoma (41–34) is less common than its eccrine counterpart. It
appears clinically as a cystic bluish nodule on the face. On histopathological exam-
ination there are dermal cystic spaces lined by a double layer of epithelium. The
inner layer cells are tall, with eosinophilic cytoplasm, and show decapitation secre-
tion typical of apocrine glands.

Syringocystadenoma papilliferum presents either as a solitary plaque on the
scalp or a solitary nodule on the shoulder. The scalp lesion is present at birth and
resembles a sebaceous nevus: lesions are devoid of hair and become nodular or ver-
rucous after puberty. The nodular variant of the shoulder arises at puberty and pre-
sents as multiple lesions with a crusted surface. Histological examination shows
papillae lined with two layers of epithelium communicating with ducts.

Hidradenoma papilliferum (44,45) occurs only in women, affecting the labia
majora or the perianal region. Lesions are solitary, small, nonspecific papules. His-
topathological examination shows large cystic spaces with numerous papillary pro-
jections into the cystic lumen. Lumina are lined with a single layer of columnar cells
with decapitation secretion.

Cylindroma (46) affects adults and is more common in women than in men.
The most frequent location is the scalp. Clinical appearance is quite characteristic:
tumors resemble a tomato. Sporadic cylindroma presents as a solitary, red, firm, der-
mal tumor with overlying telangiectasias. Familial cylindromas are multiple and may
cover the scalp resembling a turban. The condition is inherited as an autosomal
dominant trait. Histological examination shows irregular islands surrounded by a

Figure 14 Eccrine poroma of the foot. The lesion is an erythematous sessile nodule with
surrounding moat.
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hyaline sheath. The islands fit together like pieces of a jigsaw puzzle. Epithelial struc-
tures are mixed with glandular lumina showing decapitation secretion.

Tumors with Sebaceous Differentiation (47)

Sebaceous hyperplasia (48) is a well-differentiated collection of mature sebaceous
glands. It appears clinically as a yellowish papule with a central depression and sur-
face telangiectasias. Sebaceous hyperplasia is more common in elderly men but
begins to appear after age 30. Lesions are multiple and predominate on the face.
The cheeks and forehead are favorite locations. Histopathological examination
reveals mature sebaceous glands communicating with the epidermis through a
dilated duct.

Sebaceous adenoma appears as multiple skin-colored, small, noncharacteristic
papules over the face, neck, and trunk. The tumor is rare and its diagnosis must raise
the possibility of Muir-Torre syndrome (49). The latter is an autosomal dominant
condition characterized by multiple sebaceous tumors in association with multiple
internal neoplasias. Several keratoacanthomas, basal cell, and squamous cell carci-
nomas have also been reported. Sebaceous tumors include sebaceous adenomas
and sebaceous hyperplasias. Internal malignancies are usually low-grade carcinomas
of the larynx, stomach, duodenum, colon, prostate, endometrium, lung, and kidney.
On histopathological examination, there are incompletely differentiated sebaceous
lobules sharply demarcated from the surrounding tissue.

Adnexal tumors are best treated with surgical excision. Multiple small trichoe-
pitheliomas may be managed with dermabrasion or resurfacing lasers but recurrence
is common. Sebaceous hyperplasias can be eradicated with electrodesiccation or
cryotherapy. Multiple cylindromas are difficult to manage because recurrence is
the rule.

Cutaneous Cysts

Epidermoid cyst (50,51) is a common cutaneous tumor derived from squamous
epithelium. It is skin-colored or yellowish, dome-shaped, smooth, mobile, and ranges
in size from 0.5 to 5 cm in diameter. Many lesions have a characteristic central punc-
tum from which a cheeselike material can be expressed. They usually appear on the
face or trunk. Epidermoid cysts develop in patients with acne conglobata or by
implantation of squamous epithelium into the dermis secondary to sharp injury or
trauma. Lesions are often inflamed or infected. The presence of multiple cysts is sug-
gestive of Gardner’s syndrome, which incorporates intestinal fibromatosis, jaw
osteomas, and colonic polyps. Histological examination shows a cystic cavity lined
by keratinizing squamous epithelium with intact granulosa, and the cavity is filled
with well-defined keratin lamellae.

Milia cysts (52) are white or cream in color and are known as white heads.
They frequently appear in patients with acne, after application of occlusive oint-
ments following resurfacing procedures, in patients with certain blistering diseases
such as porphyria or bullous pemphigoid, and as a manifestation of chronic solar
damage. On histological examination milia cysts are identical to epidermoid cysts.

Pilar cyst (trichilemmal cyst) is similar to its epidermoid counterpart but much
less frequent (ratio 3:1). It affects the scalp (90%) and is frequently multiple (30%).
On histological examination the cyst wall shows peripheral palisading of clear cells,

Skin Neoplasms 95



has no granular layer, and the cystic cavity is filled with homogeneous horny mate-
rial, not lamellae.

Dermoid cysts result from the sequestration of skin along lines of embryonic
fusion. They are present at birth, usually around the eyes or nose (Fig. 15). Histolo-
gical examination shows a cystic cavity lined by epidermis containing various skin
appendages (hair, sebaceous and sweat glands).

Steatocystoma multiplex (53) is a true sebaceous cyst that occurs during ado-
lescence as an autosomal dominant condition. Tumors are multiple, smooth, yellow-
ish, or skin-colored, measuring from 0.3 to 3 cm in diameter, and with surface
telangiectasias. The most common locations are the scrotum, axillae, chest, or neck.
On histological examination these cysts are considered a variant of dermoid cysts
because the wall contains multiple sebaceous glands.

Oral mucous cyst (mucocele) develops after the rupture of an obstructed sali-
vary duct (54). On clinical examination the tumor is soft, approximately 1 cm or less
in diameter, cystic in consistency, and fluctuant. Lesions affect the lower lip, are
asymptomatic, and red or blue. On histopathological examination there are multiple
cystic spaces filled with sialomucin surrounded by granulation tissue.

Mucous cyst of the finger represents either an overproduction of hyaluronic
acid or a leakage of hyaluronic acid from the interphalangeal joint. Lesions are firm,
skin-colored, well circumscribed, and located on the dorsal aspect of the distant pha-
lanx of fingers. On histological examination there is a cystic cavity filled with mucin.

Bronchogenic cysts (55) are small, subcutaneous, solitary lesions located in the
area of the sternal notch. They appear at birth and may have a draining sinus.

Figure 15 Dermoid cysts occur along lines of embryonic fusion. Location on the eyebrow
region is characteristic.
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Thyroglossal duct cysts are clinically identical to bronchogenic cysts but
located on the anterior aspect of the neck. On histological examination bronchogenic
cysts are lined by pseudostratified columnar epithelium. Thyroglossal duct cysts lack
muscle tissue but contain thyroid follicles.

Cysts have no malignant potential. Surgical excision is the treatment of choice
for diagnostic or cosmetic reasons.

Vascular Tumors

Congenital Hemangiomas

Nevus flammeus (56,57) is most commonly referred to as port-wine stain (Fig. 16). It
is characterized clinically by a vascular, dull red, or bluish-red plaque that usually
affects the lateral and medial face. Lesions tend to thicken and become nodular with
time. They do not show spontaneous regression. Histological examination shows
abundant, mature, dilated capillaries lined by a single layer of endothelial cells.
The Sturge-Weber syndrome (58) is the association of a port-wine stain of the face
with leptomeningeal and ocular angiomatosis. Approximately 80% of patients have
epilepsy and cerebral calcifications. In the Klippel-Trenaunay syndrome, there is a
nevus flammeus on a limb with hypertrophy of the soft tissues and bones of the same
extremity.

The flashlamp-pumped pulsed dye laser is the treatment of choice (59,60).
This laser system emits yellow light with a wavelength of 585 nm and pulse duration

Figure 16 An extensive port-wine stain of the right chest, shoulder, and arm. Initially, the
lesion is bright-red and flat but it becomes thicker and purple over time.
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of 450 ms. Results are excellent and there is minimal risk of scarring. Treatment with
this laser requires multiple sessions given 6–8 weeks apart until resolution. The major
disadvantage is immediate purpura in the treated sites lasting 10–12 days.

Capillary hemangiomas are rapidly growing, benign vascular tumors appearing
shortly after birth. Lesions are sharply circumscribed, dome-shaped, bright red or
purple, and with a smooth or lobulated surface. The clinical evolution is character-
istic. The hemagiomas appear within the first months of life, grow rapidly until a sig-
nificant size is reached, and then slowly involute leaving an atrophic scar.
Occasionally, the tumors become ulcerated and bleed. Large lesions may obstruct
the airway, interfere with feeding, or with binocular vision. In rare cases a large
hemangioma sequestrates and destroys platelets, leading to marked thrombocytope-
nia and consumption coagulopathy, the so-called Kasabach-Merritt syndrome. On
histopathological examination, there is considerable proliferation of endothelial cells
and numerous capillary lumina.

Treatment is not necessary for uncomplicated lesions located on the trunk or
other noncosmetic areas because lesions will resolve spontaneously. Therapy is indi-
cated for hemangiomas located on functional or cosmetic areas of the face, distal
extremities, and genitalia; ulcerated and bleeding lesions; and lesions occurring as
part of the Kasabach-Merritt syndrome.

Effective therapies include oral prednisone (2–4mg=kg=day for 2 weeks), sur-
gical excision, or flashlamp-pumped pulsed dye laser. In cases of Kasabach-Merritt
syndrome, platelets and blood transfusions are indicated.

Cavernous hemangiomas are true vascular malformations and therefore do not
resolve spontaneously. They are deep, subcutaneous, compressible nodules of var-
ious sizes that can occur at birth, in infancy, or adulthood. Histological examination
shows dermal and subcutaneous vascular spaces lined by endothelial cells and con-
taining blood. The blue rubber-bleb syndrome consists of multiple congenital caver-
nous hemangiomas associated with intestinal and visceral angiomas. Patients
experience chronic gastrointestinal bleeding and anemia or acute bleeding episodes.
Maffucci’s syndrome is the association of cavernous hemangiomas with dyschondro-
plasia (defective calcification and deformities of bone) and osteochondromas. The
latter may transform into chondrosarcomas.

Vascular and magnetic resonance imaging (MRI) studies are indicated prior
to surgical excision. Lasers are not effective treatment for such large and deep
structures.

Other Vascular Tumors

Angiokeratoma circumscriptum (64) is usually present at birth and is characterized
by multiple, keratotic, vascular papules, that may appear individually or forming lar-
ger plaques. The lesions are bluish, with a verrucous surface, and may show linear
arrangement (Fig. 17). Histopathological examination shows hyperkeratosis, papil-
lomatosis, and irregular acanthosis. Multiple vascular spaces filled with blood are
evident in the papillary dermis.

Angiokeratoma Mibelli is an autosomal dominant condition characterized by
multiple keratotic vascular papules of the distal extremities in association with cold
intolerance. Lesions appear in infancy, predominantly on acral sites, such as fingers
and toes. There is a slight predominance in female patients. Histological examination
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shows, ectatic blood vessels in the papillary dermis, with an overlying keratotic
epidermis.

Pyogenic granuloma (65) is a confusing term that defines a proliferation of
granulation tissue secondary to trauma. The lesions appear at any age and in
patients of both genders. The tumor appears clinically as a red- to- purple vascular
nodule of variable size. Common sites include the fingers, toes, lips, oral mucosa,
and trunk. Lesions are usually single and bleed easily. On histological examination
there is a proliferation of dermal blood vessels in a gelatinous stroma, surrounded
by fibroblasts, neutrophils, and mast cells. The epidermis forms a collarette at the
base of the lesion.

Glomus tumor (66) presents as a single bluish nodule on acral sites. Frequently
it is subungual and tender. There are some familial cases inherited in autosomal
dominant fashion. Histological examination shows dermal vascular spaces and glo-
mus cells arranged around endothelial cells. Glomus cells are cuboidal and have a
central rounded nucleus.

Lymphangioma (67) is noted at birth or immediately after. It presents as a
collection of small, deep vesicles resembling frog spawn. Favorite locations include
the trunk, axillae, shoulders, neck, extremities, and oral mucosa. On histological
examination, there are dilated lymphatic channels lined by normal lymphatic
endothelium.

Vascular tumors are best treated with surgical excision. Small lesions may be
treated with the flashlamp-pumped pulsed dye laser. Pyogenic granuloma and glo-
mus tumors may respond to curettage and electrodesiccation or cryotherapy.

Figure 17 Angiokeratomas are congenital vascular papules or nodules with keratotic
surface. Acral lesions of the foot may be associated with cold intolerance.
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Lipoma (68)

Lipomas are benign tumors composed of mature fat cells. They are subcutaneous
nodules with a soft consistency. Lesions may be multilobulated and range in size
from 1 to 10 cm. Common locations include the upper extremities, trunk, and neck.
Histological examination shows lobules of mature fat cells enclosed in a fibrous
capsule.

Surgical excision is the treatment of choice for symptomatic lesions or for
cosmetic reasons. An alternative is liposuction using tumescent anesthesia. This
method may result in better cosmesis with less evident scars.

Neural Tumors

Neurofibroma is a skin-colored papule or nodule with a soft consistency that occurs
anywhere in the body. Multiple lesions occur in the neurofibromatosis syndrome or
Von Recklinghausen’s disease (69). Histological examination shows interlacing fas-
cicles of Schwann’s cells with irregular elongated nuclei. Variable amounts of muco-
polysaccharides and collagen are present.

Granular cell tumor (GCT) affects people between 30 and 50 years of age, with
a mean of 39 years. The tumor is more common in women than in men (3:1) and in
African-Americans than Whites (5:1). The majority of cases (23–35%) occur on the
tongue. Lesions are usually asymptomatic but may become painful. Histopathologi-
cal examination shows a tumor composed of polygonal epithelioid cells with
granular eosinophilic cytoplasm. There is a characteristic pseudoepitheliomatous
hyperplasia of the overlying epidermis. IHC stains show S-100, vimentin, neuron-
specific enolase, and myelin basic protein.

Leiomyoma

Leiomyoma (70) is derived from the arrector pili muscle of hair follicles or from mus-
cle fibers present in the wall of blood vessels. In the multiple familial type, lesions are
distributed over neck and limbs. Onset is in childhood and tumors are red, pink, or
brown. A characteristic feature is that pain can be elicited by pressure or low tem-
perature. Also, lesions may shrink when the skin is chilled. The solitary leiomyoma
occurs anywhere in the body including the nipple and areola. It is also painful. On
histopathological examination there are interlacing fascicles of smooth muscle cells
with elongated, blunt, cigar-shaped nuclei.

Surgical excision is the treatment of choice for these tumors.

MALIGNANT TUMORS OF THE SKIN

Basal Cell Carcinoma

Basal cell carcinoma (BCC) is the most common of human cancers (Table 2). It
develops from the epidermis at the level of the bulge region of hair follicles. Most
studies favor unicentric origin. Multiple risk factors are recognized, including ultra-
violet (UV) and ionizing radiation, arsenic, chronic wounds, immunosuppression,
and reduced DNA-repair mechanisms. The most significant is chronic exposure to
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Table 2 Malignant Tumors of the Skin

Basal cell carcinoma
Superfical multicentric
Nodular
Morpheaform

Fibroepithelioma of Pinkus
Squamous cell carcinoma

1. In situ

Bowen’s disease
Erythroplasia of Queyrat

2. Invasive

3. Verrucous
Buschke- Lowenstein tumor
Oral florid papillomatosis

Carcinoma cuniculatum
Keratoacanthoma

Common solitary keratoacanthoma
Giant keratoacanthoma

Keratoacanthoma centrifugum marginatum
Multiple self-Healing keratoacanthoma (Ferguson-Smith syndrome)
Eruptive keratoacanthoma of the Gryzbowski type

Malignant melanoma
Superficial spreading melanoma
Nodular melanoma

Lentigo maligna melanoma
Acral lentiginous melanoma
Amelanotic melanoma
Desmoplastic neurotrophic

Adnexal carcinomas
1. Hair follicles: Pilomatrix carcinoma
2. Sweat Glands

Microcystic adnexal carcinoma
Malignant eccrine spiradenoma
Malignant chondroid syringoma

Eccrine porocarcinoma
Malignant clear cell hidradenoma
Eccrine mucinous carcinoma

Primary cutaneous adenoid cystic carcinoma
Malignant cylindroma
Paget’s disease of the nipple
Extramammary Paget’s disease

Malignant hidradenoma papilliferum
Apocrine carcinoma

3. Sebaceous glands: Sebaceous Gland Carcinoma

Merkel cell carcinoma
Sarcomas

1. Fibrous tissue

Fibrosarcoma
Dermatofibrosarcoma protuberans

(Continued)
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UV radiation in individuals with fair skin, blue eyes, blond hair, and poor tanning
ability. Estimates in the Unites States indicate approximately 700,000 new BCCs
every year (71). The tumor occurs most frequently in individuals 60 years of age
and older and predominates in men. BCC is more common in Whites in whom it
forms 70% of skin cancers, compared to 24% in Japanese, and 8% in African-Amer-
icans. Approximately 80% of tumors involve the head and neck regions, with almost
30% affecting the nose. Up to 13% of cases present with multiple BCCs, and
patients with only one lesion have a cumulative 5 year risk of 45% of showing
another BCC (72). The nevoid basal cell carcinoma syndrome (Gorlin’s syndrome)
is characterized by innumerable BCCs, jaw cysts, palmar and plantar pits, skeletal
abnormalities, and calcification of the falx cerebri (73).

Nodular BCC is a translucent pearly papule or nodule with telangiectasias
(Fig. 18). It frequently ulcerates, hence the term rodent ulcer. Approximately 70%
of tumors belong to this variety, with 7% showing hyperpigmentation due to mela-
nin (pigmented BCC).

Superficial BCC appears as an erythematous scaly patch of variable size. It
may contain some areas of atrophy, hypopigmentation and scarring. It resembles
tinea, psoriasis, or eczema clinically.

Morpheaform BCC is an indistinct white-to-yellow plaque with marked
induration and surface telangiectasias. It is also termed desmoplastic or sclerosing
BCC (Fig. 19).

Fibroepithelioma of Pinkus resembles a benign fibroma: the lesion is a smooth,
pedunculated, erythematous nodule occurring on the back (Fig. 20).

On histological examination BCC shows islands of basaloid cells with periph-
eral palisading and tumor–stromal separation artifact (Fig. 21). Occasionally, the
cells show features of both BCC and squamous cell carcinoma and the term basos-
quamous carcinoma is applied (74). Overall, there are four main histological patterns:

Nodular BCC: Approximately 70% of tumors show basaloid nodules as
described above, some with cystic degeneration.

Table 2 (Continued)

Atypical fibroxanthoma

Malignant fibrous histiocytoma
2. Vascular tissue

Angiosarcoma

Kaposi’s sarcoma
Hemangiopericytoma

3. Muscular tissue

Leiomyosarcoma
Cutaneous rhabdomyosarcoma

4. Neural tissue

Malignant peripheral nerve sheath tumor
Malignant granular cell tumor

5. Liposarcoma
6. Epithelioid sarcoma

Cancer metastatic to the skin
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Figure 18 Nodular basal cell carcinoma of the nose. This lesion shows characteristic pearly
border and surface telangiectasias.

Figure 19 Morpheaform basal cell carcinoma on the midcentral forehead. The plaque is
slightly depressed, indurated, and hypopigmented. This variety of basal cell carcinoma is

characterized by extensive subclinical extension and aggressive histologic characteristics.
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Figure 20 Fibroepithelioma of Pinkus is a basal cell carcinoma that resembles a benign

fibroma. Lesions tend to be larger than 1 cm and usually affect the trunk.

Figure 21 Typical nodular basal cell carcinoma shows multiple nodules of basophilic
epithelial cells with peripheral palisading.
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Superficial BCC: Ten percent of tumors show small buds of basaloid cells
arising from the epidermis. It is difficult to delineate lateral margins.

Micronodular BCC: Smaller round lobules or buds with marked subclinical
extension.

Aggressive growth BCC: Nearly 10%–15% of cases comprise this group. The
morpheaform or sclerosing variety is characterized by small spiky islands
in a markedly sclerotic stroma. The infiltrative type shows, in addition, a
variable nodular component.

Management of Primary BCC

Overall, 90% of tumors can be completely eradicated with simple techniques, but
recurrences are likely if therapy is not optimal (75). Recurrent lesions are larger,
more aggressive and difficult to treat, and may appear only after several years have
elapsed, therefore, the first treatment session is the most important and must be defi-
nitive. To ensure an adequate therapeutic plan, the pathologist’s report should
include not only the histological diagnosis of BCC and the adequacy of surgical mar-
gins but also the architectural variety of the tumor.

Curettage and electrodesiccation (C&E) is an excellent treatment for primary,
well-defined, nodular BCC in areas of low risk for recurrence such as the neck,
trunk, and extremities. It is relatively contraindicated in morpheaform BCC; infiltra-
tive BCC; recurrent tumors (the fibrous stroma does not allow the detection of the
difference in consistency between BCC and healthy skin); and tumors extending
deeply into fat, or areas with a high risk for recurrence, including the central face,
periocular, and perioral regions (due to the high content of pilosebaceous units har-
boring tumor cells in the hair follicles). Overall cure rates are 90–98% for primary
nodular tumors in low-risk areas. Recently, reports have shown similar cure rates
for high-risk areas if tumors are smaller than 6mm (76,77).

Surgical excision with 4mm margins results in 90–100% cure rates for primary
BCC in low-risk locations (78). Recurrence is as low as 3.2% for primary tumors less
than 6mm in diameter, but BCCs of the ear, nasolabial fold, scalp, and forehead are
difficult to eradicate. Recurrence rates for these locations are 42%, 20%, 14.7%, and
8.4%, respectively (79). The advantages of surgical excision include rapid healing,
good cosmesis, histological verification of margins, and suitability for all BCC types.
Disadvantages are the sacrifice of normal skin and lower cure rates for high-risk
areas and recurrent tumors. Incompletely excised BCC recurs in at least 35% of
cases, and the recurrence rate for recurrent BCC treated with surgery alone is
17.4%. Recently, the combination of C&E with surgical excision using 4mm mar-
gins for recurrent tumors has resulted in recurrence rate of only 2.4% at 2 years (80).

Mohs’ Micrographic Surgery (MMS) involves intraoperative examination of
horizontal frozen sections, with verification of 100% of surgical margins, as com-
pared to less than 1% when using traditional vertical bread-loafing methods. Both
the surgical procedure and the histopathological examination and mapping are done
by the Mohs’ surgeon (see diagram 1). MMS is the treatment of choice for BCCs
with a high probability of recurrence, such as those located on high-risk areas (nose,
ears, perioral, periocular, nasolabial folds), recurrent and incompletely excised
tumors, tumors larger than 2 cm in diameter, and BCC with aggressive histological
characteristics (morpheaform, infiltrative, micronodular). This method allows
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preservation of normal tissue in cosmetically or functionally important areas such as
digits, genitalia, and face. Reported 5 year cure rates are 99% for primary and 94%
for recurrent BCC (81,82). Disadvantages include the need for special equipment and
training and the fact that the technique is time-consuming.

Cryosurgery with liquid nitrogen is indicated for primary and recurrent BCC of
the trunk, extremities, and face (even in high-risk areas if the tumors are well deli-
neated); small and large tumors; and those fixed to cartilage or bone. It is extremely
useful for patients with coagulopathies or pacemakers, to reduce tumor bulk in com-
binational approaches, and for palliation of inoperable tumors. Cryosurgery is not a
good option for BCCs with significant subclinical extension and fibrosis (indistinct
margins, morpheaform, and infiltrative subtypes), deeply invasive tumors, or tumors
located on highly cosmetic areas of the face (a white scar is produced). It is contra-
indicated for patients with Raynaud’s phenomenon, connective tissue diseases, cold
intolerance, or cryoglobulinemia.

Reported 5 year cure rates are 98–99% for primary and 87–95% for recurrent
BCC (83,84). Cosmesis is similar to other modalities. The technique is particularly
advantageous for treatment of tumors of the ear and nose because cartilage is rela-
tively resistant and overall architecture is preserved. It is also adequate for preserva-
tion of lacrimal structures. Complications include edema, hypertrophic scarring,
neuropathy, infection during healing, delayed hemorrhage, ectropion, and hypopig-
mentation.

Radiation therapy is effective for BCC when used in dosages of 3000–5000 cGy
in 6–20 fractions (200–500 cGy each). Five-year cure rates of 97–99% have been
reported for primary tumors less than 2 cm in diameter (85). Response rates are less
impressive for recurrent BCC (85%) and larger tumors (92% for BCC 2–5 cm in dia-
meter, and 60% for BCC larger than 5 cm) (86).

Radiotherapy is indicated for elderly and debilitated patients, individuals with
multiple medical conditions or who are taking anticoagulants (who are poor surgical
candidates); those who refuse surgery for any reason; incompletely excised BCC; and
tumors with perineural invasion (which have a high risk for recurrence). It is an
excellent adjuvant modality for large, recurrent BCC tumors, or in cases with peri-
neural extension, in which surgery or radiotherapy alone results in 30% and 67%
cure rates, respectively.

Radiation is contraindicated in tumors with abundant fibrotic tissue such as
morpheaform and infiltrative BCC; tumors that recurred after initial radiotherapy;
and in patients younger than 50 years (due to poor cosmesis after 10 years).

Photodynamic therapy (PDT) involves the topical or systemic administration
of a photosensitizer that is selectively taken up by tumor cells. The photosensitizer
is then activated by visible light to produce singlet oxygen. This reaction leads to oxi-
dation of proteins and lipids with subsequent cell death and tumor elimination. Use
of topical aminolevulinic acid (ALA) results in 98% cure rate of superficial BCCs
but only 82% of nodular tumors (87). Systemic photophrin (1mg=kg with 630 nm
light doses of 72–288 J=cm2) achieves cure in up to 94% of superficial and nodular
tumors (88% complete and 12% partial response) (88). Other studies show a 10%
recurrence at 2 years for morpheaform BCC and tumors located on the nose.
PDT retreatment of therapeutic failures is successful in 73% of cases.

Topical 5-FU is an antimetabolite that blocks the incorporation of thymidine
into DNA, leading to death of neoplastic cells. This agent (in 5% and 20%
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concentrations, twice a day for 3–4 weeks) has resulted in 88% cure rates for super-
ficial BCC tumors (89). Results are comparable to surgery and radiotherapy but with
better cosmetic results. Nodular tumors respond in only 50% of cases and this ther-
apy is not recommended (90). Recent attempts to improve the results include the
addition of light curettage prior to the application of 5-FU 25% under occlusion
for 3 weeks. Response rate was 94% at 5 year follow-up; further validation of these
results is awaited (91). Topical 5-FU is useful preoperatively to reduce the size of
superficial tumors and to delineate further the lateral margins.

Retinoids are vitamin A analogues that inhibit cell proliferation and malignant
transformation. Despite encouraging initial case reports, topical Retin A is not effec-
tive for BCC tumors and is not recommended. Systemic oral isotretinoin (in dosages
up to 4.5mg=kg=day) has resulted in only 10% cure rates for nodular tumors. How-
ever, dosages as low as 0.5–1.0mg=kg=day have prevented the development of new
lesions in patients with multiple BCCs (92,93). This beneficial effect is transient and
new BCCs occur after therapy is suspended.

Interferons (IFN) are proteins with immunomodulatory, antiviral, antiproli-
ferative, and antineoplastic effects. They are produced by leukocytes (IFN alpha),
fibroblasts (IFN b), and lymphocytes (IFN g). Interferon alpha 2b (1.5M units sub-
cutaneously [SQ], three times per week for 3 weeks) achieved 100% cure rate for
superficial BCC tumors (94). Multicenter trials with varying dosages, however,
yielded poorer results, with only 24–81% complete responses. For nodular tumors
of the central face, the response may be 80%, but much higher and toxic doses
(13.5–27M units) are needed (95). Common side effects include flu-like symptoms
(arthralgias, fever, headache, malaise, weakness), bone marrow suppression, cardio-
vascular toxicity, and CNS toxicity. IFN therapy is contraindicated in patients with
significant heart= kidney= liver disease, in patients who have received transplants,
and in patients with connective tissue disease.

Treatment of Metastatic BCC

Metastases occur in fever than 0.55% of cases. These patients are immunosuppressed
or debilitated, have multiply recurrent and aggressive tumors, or have predisposing
conditions such as the nevoid basal cell carcinoma syndrome. Approximately 50% of
cases disseminate via lymphatics into regional nodes. The other 50% spread hema-
togenously into lungs or bones. Survival is 20% at 1 year, and 10% at 5 years
(96,97). Surgery is performed for treatment of the primary site and for removal of
affected lymph nodes. Postoperative radiation is indicated in all cases. Chemother-
apy is used in nonsurgically treated cases and for palliation of symptoms. Its role
as an adjuvant to surgery has been explored in case reports for a single node larger
than 3 cm, and for multiple nodes (98).

Squamous Cell Carcinoma

Squamous cell carcinoma (SCC) is a true invasive carcinoma of the surface epider-
mis. It affects people over 50 years of age with fair skin, blue eyes, blond hair,
and poor tanning ability. Contributing factors include chronic solar damage, ioniz-
ing radiation, chronic wounds or ulcers, human papilloma virus infection (serotypes
5, 8, 16 and 18), exposure to chemical carcinogens (arsenic, polycyclic aromatic
hydrocarbons, and topical nitrogen mustard), immunosuppression (patients who
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have received transplants), chronic inflammatory disorders (epidermolysis bullosa),
and genetic syndromes characterized by poor DNA repair mechanisms (xeroderma
pigmentosum) (99). The highest incidences are reported from Texas and Queensland,
Australia (100).

SCC arises de novo in sun-damaged skin or from precursor lesions such as acti-
nic keratoses (Fig. 22). The latter are erythematous, scaly, or keratotic papules of
sun-exposed skin of the face, neck, arms and hands, and carry a collective 20% over-
all risk of malignant transformation (101).

Bowen’s disease presents as erythematous scaly patches of variable size
(Fig. 23). It resembles tinea, psoriasis, eczema, or superficial BCC (102). The lesions
enlarge slowly over time, are asymptomatic or slightly pruritic, and affect glabrous
skin. Some cases evolve into invasive SCC. Human papilloma viruses (HPV) 16, 18,
31, 32, 39, 51, 52, 53, 54 are of causative importance (103). The relationship with
visceral neoplasia is controversial and probably related to arsenic ingestion.

Queyrat’s erythroplasia is identical to Bowen’s disease but located on the glans
penis. Approximately 40% of cases develop invasive SCC.

Invasive SCC presents as an indurated nodule of variable size. The surface may
be keratotic, ulcerated, or exophytic (Fig. 24). Most commonly, the lesions affect the
head and neck or extremities (104). The lower lip is a frequent site in smokers, with
95% of cases occurring in men.

Verrucous carcinoma (105) is a variety of SCC with low metastatic potential.
Lesions appear clinically as are exophytic (cauliflower-like), asymptomatic, and

Figure 22 Multiple keratotic lesions on the hand of a patient who underwent renal
transplantation. Some lesions correspond to hypertrophic actinic keratoses but others have
evolved towards invasive squamous cell carcinoma.
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Figure 23 Bowen’s disease of the left inner forearm. The lesion is a round, erythematous,
scaly patch that resembles psoriasis, tinea, or eczema.

Figure 24 A large ulcerated squamous cell carcinoma of the scalp. The lesion starts as a
keratotic papule or nodule that bleeds with minimal trauma.

Skin Neoplasms 109



Diagram 1 Mohs’ Surgery Procedure. A. A map is drawn depicting the anatomical location
and approximate size of the tumor. Debulking is then performed under local anesthesia using a
small curette. B. The resultant debulked defect and any area suspicious for tumor is excised

using 2–3mm margins. The incision is made at a 30–45-degree angle to create a disk-like
specimen that will allow easier processing of the lateral margins. Identifying marks such as skin
nicks are made on the patient and specimen to identify proper orientation. C. The specimen is

divided and each section is properly marked on the diagram. D. Sections are color-coded with
ink, embedded in a chuck with embedding medium, and quick frozen in liquid nitrogen. The
blocks are then sectioned at 4–10 mm in the cryostat, starting from the deepest portion of the
specimen and with the deepest margin at the same level than the lateral epidermal borders.
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slowly growing. There are three types depending on location: florid oral papilloma-
tosis, carcinoma cuniculatum of the foot, and Buschke-Lowenstein tumor of the gen-
italia. Histological examination shows variable degrees of keratinocytic atypia
(nuclear enlargement, hyperchromatism, prominent nucleoli, increased nuclear-
cytoplasm ratio, abnormal intra- or extracellular keratin production) (106). Bowen’s
disease and Queyrat’s erythroplasia are in situ carcinomas with full-thickness
keratinocytic atypia and frequent mitotic figures. The loss of polarity gives the
epidermis a characteristic windblown appearance (107). In invasive SCC, the bands
of atypical cells penetrate the dermis and there are variable atypical mitoses.

Four grades of severity are recognized for SCC according to the proportion of
differentiated cells present in the tumor (Broders’ classification). In this system, dif-
ferentiation equals keratinization (108,109). In grade 1, more than 75% of cells are
differentiated (multiple horn pearls); in grade 2, more than 50% (several horn
pearls); in grade 3, more than 25% (many atypical cells, horn pearls absent); and
in grade 4, less than 25% (only spindle cells).

Verrucous carcinoma (110) shows a proliferation of well-differentiated kerati-
nocytes with minimal atypia and a bulbous pushing base that is characteristic. There
is epidermal hyperplasia, papillomatosis, and hyperkeratosis.

Management of Primary SCC

Treatment of SCC varies depending on its cause, anatomical site, growth rate, pre-
vious treatment, size, depth of invasion, differentiation, patient’s immune status, and
perineural invasion. It is important to encourage microstaging as in melanoma using
depth and Clark’s level.

Surgical excision is the preferred modality for treatment of SCC. Approxi-
mately 95% of tumors less than 2 cm in diameter can be excised with 4mm margins,
whereas those larger than 2 cm require 6mm margins (111). Surgical excision
achieves 5 year cure rates of 92%, with overall recurrence rate of 8% (112). Recur-
rence rates, however, vary according to size, location, previous treatment, and histo-
logical factors. Higher rates are reported for tumors larger than 2 cm (15%), deeper
than 4mm (17%), with perineural invasion (50%), poorly differentiated (28%), or
for recurrent tumors (23%). Tumors of the ear and lip have a recurrence rate of
18% and 10% respectively.

Mohs’ micrographic surgery (See diagram 1) should be considered for SCC
with high probability of recurrence or metastasis, including those located on high-
risk areas (nose, ears, lips, eyelids, scalp, nasolabial folds); recurrent and incomple-
tely excised tumors; tumors larger than 2 cm in diameter or deeper than 4mm; SCC
with aggressive histological appearance (poorly differentiated, perineural involve-
ment); tumors arising on irradiated skin or chronic ulcers; and SCC in immunosup-
pressed patients (renal transplant). It is recommended for tissue preservation in
cosmetically or functionally important areas such as digits, genitalia, and the face.

Representative cuts are placed on slides and stained with hematoxylin and eosin. E. The slides
are interpreted by the Mohs’ surgeon. F. If residual tumor is observed, the location of tumor is
noted in the map. G. Re-excision is performed in the affected areas only and a map of the

excision is created. The entire cycle is repeated until the whole tumor is excised.

!
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Overall cure rates with MMS are 96% for primary and 92% for recurrent
SCC (113). Nevertheless, recurrences are higher for leg tumors in patients under
39 years of age, lesions greater than 5 cm in diameter, retroauricular tumors, or
those requiring more than four Mohs layers for excision (114). Adjuvant radiother-
apy must be considered under these circumstances and in patients with perineural
involvement.

C&E results in cure rates of 95% for well-differentiated, small (< 2 cm), and
superficial (< 4mm deep) tumors (115). C&E is also a good option for Bowen’s dis-
ease of the trunk or extremities. It is not indicated for recurrent tumors (50% failure),
or for lip and ear tumors (curettage is technically difficult to perform).
A disadvantage of the technique is the lack of verification of surgical margins.

Cryosurgery with liquid nitrogen is an excellent modality for well-delineated
and well-differentiated SCCs of any size and location. It is extremely useful for
patients with coagulopathies to reduce tumor bulk in combination approaches,
and for palliation of inoperable tumors. Relative contraindications include poor
tumor margins, recurrent SCC, tumors deeper than 4mm, and poorly differentiated
neoplasms. Cryosurgery is contraindicated in patients with cryoglobulinemia,
Raynaud’s syndrome, and cold intolerance. The reported 5 year cure rate for suitable
SCCs is 96–98% (116). Cosmesis is similar to other modalities. The technique is par-
ticularly advantageous for tumors of the ear and nose because cartilage is relatively
resistant and lacrimal architecture is preserved. It is also adequate for preservation
of lacrimal structures. Complications include edema, hypertrophic scarring,
neuropathy, infection during healing, delayed hemorrhage, ectropion, and
hypopigmentation.

Radiation therapy is indicated for treatment of large or inoperable tumors,
those in high-risk areas (central face, nasolabial, ear, nose), and for multiple lesions
(117). It is also useful as an adjuvant to surgery for nodal involvement and in aggres-
sive or recurrent SCCs. For example, tumors involving cartilage or bone have a recur-
rence rate of 53% for surgery alone, but this can be reduced to 12.5% with adjuvant
radiotherapy (118).

Doses range from 4,000 to 6,000 cGy in multiple fractions of 200–300 cGy each,
and with 2.0 cm margins. Control rates are 99% for tumors smaller than 2 cm, 92%
for tumors between 2 and 5 cm, and 60% for those larger than 5 cm in diameter (119).

Side effects include erythema, desquamation, and hair loss. Late effects occur
months to years after radiotherapy in approximately 5% of individuals. Serious
effects include skin, bone, or cartilage necrosis; telangiectasias and atrophy; alopecia;
and local carcinogenesis.

PDT involves the topical or systemic administration of a photosensitizer that is
selectively taken up by tumor cells. The photosensitizer is then activated by visible
light to produce singlet oxygen. This reaction leads to oxidation of proteins and
lipids with subsequent cell death and tumor elimination. PDT is a good option for
Bowen’s disease (BD) or for treatment of multiple lesions in patients with xeroderma
pigmentosum. It is also useful for debulking large tumors that would otherwise
require disfiguring surgery or in patients who are poor surgical candidates (120).

Systemic PDT with photofrin has resulted in 100% elimination of Bowen’s
disease. Topical 20% ALA under occlusion for 4 h or overnight cures 85–92% of
cases. The response rate for invasive SCC is approximately 45% and PDT is not con-
sidered a first-line therapy (121). The major disadvantage with the use of photofrin is
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cutaneous photosensitivity lasting 4–6 weeks. Topical PDT is not associated with
photosensitivity.

Topical 5-FU is an antimetabolite that blocks the incorporation of thymidine
into DNA leading to death of neoplastic cells. The thymine deficiency leads to
arrest of the cell cycle and the cells undergo apoptosis with release of inflammatory
mediators. Treatment of SCC with topical 5-FU 5% twice a day for 6 weeks has
resulted in cure rates between 70 and 98% (122). Best results are obtained for carci-
noma in situ. Five recent trials have shown that invasive SCC does not respond to
this therapy.

Retinoids are vitamin A analogues that inhibit cell proliferation and malignant
transformation. Complete and partial responses have been documented for oral iso-
tretinoin (1mg=kg=day) in large, recurrent, or metastatic SCC (123). Responses,
however, are maintained only while the patient is taking the medication, and tumors
recur after stopping treatment. Isotretinoin is best indicated to prevent the develop-
ment of new SCC’s in susceptible individuals. An important limiting factor is toxi-
city, both acute and chronic, and some side effects are severe enough to preclude
further therapy. Frequent acute side effects include cheilitis, dry skin, hair loss, ele-
vated liver enzyme levels, and hypertriglyceridemia. Chronic toxicity is manifested as
skeletal changes, cheilitis, dry skin, and aggravation of underlying disorder. Etreti-
nate, another oral retinoid, is also effective for chemoprevention of SCC when used
in dosages of at least 30–50mg=day.

Interferon-alpha yields the best results when used in dosages of 3M units=day
SQ. Cure rates of 96–100% have been reported for SCC in situ, but the cure rate for
invasive SCC is negligible (124). Even when IFN-a is combined with interleukin-2,
the response rate is 18%, and toxic side effects are frequent (125).

Combination therapy with IFN-a (3M units=day SQ) and isotretinoin
(1mg=kg=day for at least 2 months) results in a 93% response rate of locally
advanced tumors. Yet multiple side effects occur including fatigue (78%), dry skin
and mucosa (86%), and hypertriglyceridemia (50%).

Management of Distant Metastatic SCC

Overall, SCC metastasizes in 0.3–3.6% of cases. Higher figures are reported for
recurrent tumors (23–30%), tumors on the lip (11%), ear (14%), or those developing
in chronic ulcers (40–60%). The risk for metastatic spread is greater for lesions larger
than 2 cm or deeper than 4mm, recurrent tumors, tumors with invasion of bone or
cartilage, and those with perineural involvement. Usual route of spread is via lym-
phatics into regional nodes or hematogenously to liver, lung, or bones. Approxi-
mately 95% of metastases are evident within 2 years. The reported 5 year survival
for metastatic SCC is 25% (126).

Chemotherapy is indicated for treatment of distantmetastatic disease and for pre-
operative debulking of large SCCs. Response rates are variable but are usually 19–54%
(127). The most frequent agents are cisplatin, 5-FU, doxorubicin, and bleomycin. Sur-
gery and=or radiation therapy is useful for palliation.

Management of the Neck in Patients with Invasive SCC
of the Head and Neck

Management depends on the presence or absence of clinical nodal disease. For
patients without clinically evident nodes, a conservative approach (observation) is
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reasonable. However, tumors with at least a 20% chance of metastasis (large, undif-
ferentiated, recurrent) require surgical treatment of the primary site and neck.
Suprahyoid neck dissection(128) is as effective as radical neck dissection or radio-
therapy, but results in less morbidity. This surgical intervention removes nodal levels
I (submandibular), II (high cervical), and III (midcervical). If nodes are negative, the
possibility of positive nodal disease in level IV (lower neck) or V (posterior neck) is
minimal and observation is recommended. Should any of the nodes be positive for
tumor, a modified radical neck dissection is performed. Radiotherapy is added if
further examination reveals multiple positive nodes or extracapsular invasion (129).

For clinically positive nodes smaller than 3 cm, a radical neck dissection is indi-
cated (130). Adjuvant radiotherapy is provided for multiple nodes, nodes larger than
3 cm, or with extracapsular involvement. The management of parotid nodes or gland
disease also includes surgery and radiation (131).

Keratoacanthoma

Keratoacanthoma (KA) is a tumor derived from hair follicle epithelium and asso-
ciated with HPV 9, 16, 19, 25, and 37. It is a rapidly growing neoplasm that resem-
bles SCC. Whites are more commonly affected than other racial groups and the
tumors present in sun-exposed areas of the extremities, head, and neck. KA affects
all age groups (occurring most often in the middle-aged and elderly) and it has a 3:1
predominance in men. Sun exposure is the main predisposing factor, but immuno-
suppression and exposure to tar are also important (132). The five clinical variants
are described here.

Common solitary KA starts as a keratotic papule or nodule that reaches 1–
3 cm in size. The tumor is erythematous, firm, and has a keratin-filled crater. There
is spontaneous involution in a few weeks leaving an atrophic scar.

Giant KA (Fig. 25) is clinically similar to the common variant but grows up to
10 cm in diameter.

KA Centrifugum marginatum is a keratotic erythematous enlarging plaque.
Multiple self-healing KA (Ferguson-Smith type) involves multiple lesions,

autosomal dominant inheritance, and a positive family history.
Eruptive KA (Gryzbowski type) is characterized by innumerable, dissemi-

nated, 2–3mm lesions with mucosal involvement and severe pruritus.
The majority of KAs have a benign course. The risk for malignant transforma-

tion seems minimal and, when it occurs, the possibility of misdiagnosed SCC should
be considered. Many authors believe that malignant transformation from KA into
SCC is frequent, although this is controversial. We think of KA as having a contin-
uous spectrum of manifestations, from the most benign to the locally invasive, to
those that can rarely metastasize.

On histological examination KA is a flask-shaped lesion with well-developed
lateral borders (so-called collarette) and a central keratin-filled epithelial invagina-
tion. The epithelium is well differentiated, shows marked keratinization, and has a
ground-glass appearance (133).

KA should be treated because clinical differentiation with SCC is not
always possible. Treatment is also provided to hasten resolution for cosmetic rea-
sons, to reduce recurrences, and because treatment is simple and effective in
most cases.
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Surgical excision is the treatment of choice. The recurrence rate is 4–6% but higher
figures are reported for lesions on lips, hands, and fingers, and for giant KA (134).

Mohs’ micrographic surgery is indicated for tumors with a greater probability
of recurrence, such as giant KA, and tumors located on digits or lip. It is also recom-
mended for tissue preservation in cosmetically or functionally relevant areas (135).

Curettage and electrodesiccation are also effective therapy for KA. A draw-
back is the hypopigmented residual scar (136).

Radiation therapy is indicated for poor surgical candidates, patients who
refuse surgery, and for inoperable tumors (137).

Chemotherapy with intralesional bleomycin or 5-FU is indicated for inoper-
able tumors, multiple tumors, and to reduce the size of giant KA lesions (138). Ther-
apy is convenient, relatively inexpensive, and produces minimal side effects. Weekly
doses of oral methotrexate have proven effective for speeding the resolution of large
lesions that are not amenable to surgical treatment (139).

Oral retinoids (isotretinoin and etretinate 1mg= kg= day) have proven effective
for the treatment and prevention of KA. Common, giant, eruptive, and recurrent
lesions have all been treated successfully (140).

Malignant Melanoma

Melanoma (MM) is a malignant and potentially fatal neoplasm derived from mela-
nocytes. It may arise de novo or from precursor lesions, and is more common in

Figure 25 A large, asymptomatic, ulcerated nodule on the left cheek of an elderly woman
with extensive solar damage. The lesion corresponds to a giant keratoacanthoma but
differentiation from invasive squamous cell carcinoma cannot be done on clinical grounds; a

biopsy is always indicated.
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fair-skinned individuals with poor tanning ability. Acute intermittent sun exposure
and number of childhood sunburn episodes are more important than chronic sun
exposure. The association with tanning bed use is more controversial. Estrogen, oral
contraceptives, and pregnancy are no longer considered risk factors (141).

Risk for MM ranges from 1.8 to 13% in congenital melanocytic nevi (estimates
are 6.3% risk for giant lesions) (142). The risk is less for common acquired nevi, but
there is a significant association in patients with more than 100 lesions. Dysplastic
nevi (DN) occur in 2–18% of whites. All studies have demonstrated an increased risk
for melanoma in patients with these nevi (143). In the familial melanoma=dysplastic
nevus syndrome, several members present with DN and=or a history of MM.
Approximately 50% of individuals carry the trait. MM risk approaches 100% over
the course of a lifetime. There is a 56% risk between the ages of 20 and 59. Studies
have identified two sites for melanoma genes: chromosomes 1p and 9p (144).

The clinical identification of MM is based on the ABCDE of pigmented
lesions: asymmetry, border irregularity, color variegation, diameter >6mm, and ele-
vation (145). Once diagnosed, MM is better thought of in terms of its growth pat-
tern. Lesions with vertical growth are capable of metastasis, while those with only
radial growth are confined to the skin. The most common locations are the trunk,
head, and neck in men; and the lower extremities in women.

Superficial spreading melanoma (SSM) occurs in 70% of cases. It presents as a
pigmented plaque with different shades of brown=black, and a notched border. Some-
times there is erythema or ulceration (Fig. 26). Differential diagnoses includes dys-
plastic nevus, Spitz nevus, pigmented BCC, seborrheic keratosis, and common nevus.

Figure 26 Recurrent superficial spreading melanoma of the leg along a surgical scar. As
evident in this case, operative margins in melanoma do not correlate with prognosis. The
lesion was treated initially using 5 cm margins.
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Lentigo maligna melanoma (LMM) occurs in 5% of cases. It develops from a
precursor lesion called lentigo maligna, which is a hyperpigmented flat patch occur-
ring on the face of elderly individuals. Malignant transformation (progress from a
radial to vertical growth phase) occurs in 20–50% of cases.

Nodular melanoma (NM) occurs in 15% of cases. It has no radial growth
phase and presents as a growing dark nodule with color variation (Fig. 27). The dif-
ferential diagnosis includes thrombosed skin tag, hemangioma, pigmented BCC,
common nevus, blue nevus, and seborrheic keratosis.

Acral lentiginous melanoma (ALM) occurs in 8% of cases. It is the most com-
mon MM in dark-skinned persons and presents as an irregular pigmented patch with
notched border and color variation (Fig. 28). The most common locations are the
volar surfaces of the hands and feet, and subungual. Differential diagnosis includes
melanocytic nevi, hematoma, and paronychia. A pigmented nail streak with pigmen-
tation of surrounding skin constitutes Hutchinson’s sign.

Figure 27 Nodular melanoma of the left foot. This melanoma is characterized histologically
by a vertical growth phase and clinically by aggressive behavior.
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Desmoplastic neurotrophic melanoma presents as a nonpigmented scar with-
out history of previous trauma. Preoperative diagnosis is difficult since it resembles
keloid scar, morpheaform BCC, or dermatofibroma.

Amelanotic melanoma does not produce pigment. It presents as erythematous
or skin-colored papules, nodules, or plaques. It resembles insect bite, folliculitis,
BCC, adnexal tumor, or sarcoma.

Mucosal lentiginous melanoma presents in the oral cavity as a pigmented area
showing the ABCDE changes. It resembles a nevus or a venous lake.

On histological examination, MM is identified by the presence of highly atypi-
cal melanocytes (Fig. 29). A pagetoid pattern refers to scattering of individual mel-
anocytes and nests throughout all layers of epidermis. This pattern is seen in SSM. A
lentiginous pattern is characterized by proliferation of atypical cells in the basal layer
of epidermis with involvement of skin appendages. This pattern is seen in LMM and
ALM. Amelanotic melanoma makes up 1.8% of most series. MM cells stain positive
for S-100 and HMB-45.

The prognosis and management of melanoma are based on the histological
findings; therefore, the pathologist’s report should include:

1. Breslow depth: Thickness in millimeters measured from the granular layer
to greatest depth. If ulcerated, from surface of ulcer to greatest depth.

2. Clark’s level of invasion: I, cells localized to epidermis; II, through
dermoepidermal junction into papillary dermis; III, filling papillary dermis;
IV, reticular dermis; V, subcutaneous fat.

Figure 28 Acral lentiginous melanoma is the most frequent form of melanoma in dark-
skinned individuals. This large patch shows various tones of black and brown and has ill-

defined borders.
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3. Radial vs. vertical growth phase.
4. Pagetoid vs. lentiginous pattern.
5. Mitotic rate (number of mitoses per mm2) and prognostic index (mitotic

rate� thickness in mm)
6. Presence or absence of ulceration, desmoplasia, neurotropism, regression,

and satellite lesions (focus of MM larger than 0.5mm, located on reticular
dermis, and separated from main tumor by normal tissue)

7. Surgical margins

Staging of Melanoma According to the American Joint Commission for Cancer (AJCC).

Stage Tumor Nodes Metastases

%Survival

5 years 10 years

0 Tis N0 M0 100 99

1 T1-2 N0 M0 97 93
2 T3-4 N0 MO 77 68
3 Any T N1-2 M0 48 40
4 Any T Any N M1 0 0

Tis¼ in situ=Clark I; T1¼ < 0.75mm=Clark II; T2¼ 0.76–1.49mm=Clark III; T3¼ 1.5–3.99mm=Clark

IV; T4¼ > 4.0mm=Clark V; N1¼Nodes< 3 cm; N2¼Nodes> 3 cm; M1¼Distant metastases

Figure 29 Characteristic lentiginous proliferation of neoplastic melanocytes in malignant
melanoma. The darker areas show positive immunostaining reaction with S-100 monoclonal

antibodies.
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Indicators of a bad prognosis include the following findings:

Breslow’s thickness: The 5 year survival rate is 99% for melanomas < 1mm;
80–90% for 1–3mm; 58% for 3–4mm; and 30% for > 4mm.

Clark’s level: The 5 year survival rate is 100% for levels I and II; 90% for level
III; 66% for level IV; and 15–25% for level V.

Male gender
Ulceration
Mitotic rate > 5=mm2

Axial location (trunk, arm)
Age > 50 years
Tumor size > 2 cm
Satellitosis
Tumor volume > 200mm3

Management of Malignant Melanoma Localized to the Skin (Stage I and II)

Surgical excision is the treatment of choice. Wide margins of 5–10 cm were tradi-
tionally recommended but it is clear now that the margins of resection have no
effect on prognosis. Zitelli gathered important information from more than 500
cases of MM treated with Mohs’ surgery. He found that 83% of MM were com-
pletely excised with 6mm margins, and 97% with 1.2 cm margins (146). This
author also reported his findings in 50 cases of recurrent MM. Approximately
84% of tumors were cleared with < 1 cm margins, and the remaining 16% with
margins ranging from 1 to 2.1 cm.

In the recent past, several prospective studies have validated the use of conser-
vative margins according to Breslow’s depth (147–152). The NIH consensus was that
in situ melanoma required 5mm margins, < 1mm required 1 cm margins, and
> 1mm required 2–3 cm margins. Veronesi recommended that melanomas
< 2mm deep could be treated with 1 cm margins. Balch recommended 2 cm for
melanomas with Breslow’s depth of 1–4mm.

Based on these data, the following conservative margins are widely accepted:

0.5mm for MM in situ
1.0 cm for MM 1–2mm
2.0 cm for MM 2–4mm
3.0 cm for MM> 4mm

Treatment of MM with Mohs surgery is controversial. The detection of atypi-
cal melanocytes in frozen sections from MMS is difficult and highly correlated with
experience (153). Yet, Zitelli reported 100% sensitivity and 90% specificity, while
Cohen reported 73% and 68% respectively. The 5 year recurrence rate after Mohs
surgery has been 0.5–1.2% and survival is similar to conventional surgical techni-
ques. The use of IHC stains for S-100 and HMB-45 improves detection. Current
indications for MMS in melanoma include:

Recurrent lesions
MM located on the head and neck, digits, and genitalia, where cosmesis and

maximum preservation of tissue are essential
Lesions > 2 cm in diameter
Ill-defined tumors
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Treatment of metastic MM is difficult. The preferred approach to limb MM
involves hyperthermic infusion of melphalan. Retrospective data suggest an
improved survival for early MM (83% vs. 44%). A prospective study by Ghussen
showed decreased recurrence and improved survival (92% vs. 61%) in patients with
MM > 1.5mm localized to the extremities (154). Further validation is awaited.

Approximately 20% of stage I and II melanomas will metastasize to regional
lymph nodes within 3 years. Nevertheless, the risk is variable according to Breslow’s-
depth. Elective lymph node dissection (ELND) is not recommended for melanomas
1.5mm or thinner because the risk for nodal disease is very low. Delayed therapeutic
nodal dissection performed at the time of detection of clinical nodes is effective.
ELND is likewise not recommended for lesions thicker than 4mm. Distantmetastasis,
with or without nodal involvement, occurs in 60% of these patients. Intermediate-
thickness melanoma (1.5–4.0mm) has a 38% risk for nodal involvement. Initial
retrospective studies reported beneficial effects of ELND in patients with intermedi-
ate-thicknessmelanoma; however, further prospective experience has failed to validate
the approach. At least three different prospective trials (WHO,Mayo Clinic, National
Intergroup Melanoma Surgical Trial) have reported no benefit in survival (155,156).

Recent emphasis has been placed on the detection of so-called sentinel nodes:
the first nodes to drain the area where the melanoma is located. Both blue dye injec-
tion and lymphoscintigraphy are employed singly and in combination (157,158). If
microscopic disease is discovered in sentinel nodes, then a regional lymph node dis-
section is performed. If the sentinel node is free of tumor, it is assumed that the rest
of the nodes are also negative. Results have been impressive and suggest that metas-
tases in melanoma occur in stepwise fashion, with an identifiable first node of disse-
mination. The negative predictive value of sentinel node biopsy is approximately 99%.
In other words, the risk for havingMM in other lymph nodes when the sentinel node is
negative is only 1%. In95%ofpositive cases, the sentinel node is the onlynode affected.

Management of Lentigo Maligna and Lentigo Maligna Melanoma in situ

Cryotherapy with liquid nitrogen using 60 s freezing times and double freeze–thaw
cycles results in 6.6% recurrence rate at 3 year follow-up (159,160).

Radiation therapy is indicated for large tumors that would necessitate disfigur-
ing surgery and for poor surgical candidates. Conventional fractionated radiation
results in 89% cure rate, with excellent cosmesis in 90%. Surgical salvage is always
possible with reported 100% cure rates.

Curettage and electrodesiccation result in 23% recurrence rates, probably
because the technique does not allow elimination of MM cells in hair follicles. It
is not a preferred modality.

Topical 5-FU twice a day for 13 weeks has been successful in some patients,
but Retin A and azelaic acid have been ineffective. Topical therapy is only indicated
for LM after confirmatory biopsy.

Surgical excision is superior to destructive modalities. Reported cure rates have
been 91% for surgery and 45% for other therapies but treatment is not always fea-
sible due to extensive lesions requiring mutilating surgery.

Management of Nodal Disease (MM Stage III)

The 5 year survival for patients with nodal disease is 25–45%. The number of
affected nodes and tumor penetration through the capsule are the most important
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factors. The treatment of choice is surgical excision of the primary site with thera-
peutic lymph node dissection. Overall survival, however, is 35% at 5 years.

Adjuvant interferon alpha 2b is the first and only agent to show a beneficial
effect on recurrence and survival for these patients (161). The recommended regimen
is 20M units=m2=day intravenously, 5 days a week for 4 weeks. This is followed by
10M units SQ daily for 11 months. Shorter periods and lower dosages have not been
effective. Unfortunately, side effects are common and 75% of patients require a
change of dosage. The most frequent side effects are fever, chills, flu-like symptoms,
fatigue, depression, and abnormal liver function tests. Interferon alpha cannot be
used in the elderly or in patients with heart or liver disease.

Other options currently being investigated include adjuvant radiation (162) and
hyperthermic limb perfusion with melphalan in combination with tumor necrosis
factor. Results have been variable.

Management of Distant Metastatic Disease (MM Stage IV)

Mean survival for stage IV melanoma is 6 months. The majority of advanced mela-
noma cases either do not respond or have marginal responses to treatment. How-
ever, several clinical trials using chemotherapy and interleukin-2 (IL-2) have
demonstrated lasting complete responses in a small number of patients. Some
patients with metastases do relatively well, including some with solitary metastases
to brain, lung, or skin.

Dimethyl triazeno imidazole cartoxamide (DTIC) is the best single chemother-
apeutic agent for stage IV melanoma, with a 20–30% response rate (163,164). Temo-
zolamide is a new chemotherapeutic agent with activity similar to DTIC (165). It is
less emetic, has better CNS penetration, and can be taken orally. Other agents, single
and in combination, are not superior to DTIC. The initial 55% response rate
reported for the so-called Dartmouth Regimen (Carmustin, DTIC, cisplatin, tamoxi-
fen) has not been reproduced. Furthermore, tamoxifen itself has minimal activity
against MM.

High-dosage interferon alpha has resulted in 50% transient response rate, but
with significant toxicity (166). Low-dosage IFN is ineffective.

High-dosage IL-2 has a 15– 25% response rate (167). The combination of IL-2
with IF is ineffective and toxicity is significant. The combination of Dartmouth regi-
menþ IFþ IL-2 shows response in 15–30% of cases.

External beam radiation therapy provides excellent palliation and symptomatic
relief. It also helps to preserve neurological function (168).

Experimental therapies (169) include vaccines, monoclonal antibodies, and
gene manipulation.

Work-up for Melanoma Stage I and II

Distant metastatic disease is incurable; therefore, its detection is not the main pur-
pose of follow-up for patients with early melanoma. Recurrence rate is 1% for
MM< 0.76mm; 5.7% for 0.76–1.5mm; 18% for 1.51– 4.0mm; and 33%
for> 4.0mm (170). Approximately 94% of recurrences are detected by patients, 68%
by history, 26% by physical examination, 11% by abnormal results of tests, and 6%
by x-rays. More than 65% of recurrences happen within the first 24 months, and
81% are manifest within 36 months. The overall metastatic rate for MM is 2–8%.
More than 50% of metastases are to regional nodes, but nodal spread is rare in
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melanomas thinner than 0.75mm. Hematogenous spread involves lungs (18–36%),
liver (14–20%), brain (12–20%), and bones (11–17%). Based on the above informa-
tion, the initial work-up for MM stage I and II should include lactic dehydrogenase
(LDH) levels and chest x-rays exclusively. Imaging techniques (computed tomo-
graphic [CT] scan, MRI) are not indicated. Follow-up visits are scheduled every
3 months for 2 years; every 6 months for 3 years; and yearly thereafter. The major
benefit is detection of additional melanomas.

Work-up for Melanoma Stage III and IV

Prognosis is usually poor for these patients. Clinically evident nodes must be con-
firmed histologically. Screening should be limited to LDH levels and chest x-rays.
Further evaluation should be guided by symptoms, including CT scan of the head
and neck, chest, abdomen, and regional nodes; liver function tests; and MRI of
the brain.

Malignant Adnexal Tumors

Hair Follicle Differentiation

Pilomatrix carcinoma (PC) is a rare tumor that originates in the hair cortex. Most
lesions arise de novo and not from pre-existing benign pilomatrixoma. The tumor
presents in the fourth and fifth decade of life and predominates in men (ratio 3:1).
Approximately 57% of cases affect the head and neck (Fig. 30) followed by the chest

Figure 30 Pilomatrix carcinoma in the neck of an elderly man. The lesion started as a small
subcutaneous nodule that later increased in size. The keratotic surface indicates epidermal

involvement. It is worth remembering that various malignant adnexal tumors may present in
such a noncharacteristic fashion.
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(13%), back (11%), and upper (11%) and lower extremities (9%). Metastases occur
in only 9% of patients, usually to lungs, bone, and lymph nodes (171). Histopatho-
logical examination shows infiltrating sheets and islands of basaloid cells extending
deep into dermis and subcutaneous tissue. Two populations of cells are clearly iden-
tified: basophilic cells with indistinct borders and ghost cells with a well-defined bor-
der and nonstaining nuclei.

PC is difficult to cure using traditional surgical excision. Recurrence rates are
26% for conservative excision and 23% for wide excision (172). Only three reported
cases were treated with surgery followed by radiation. One developed distant metas-
tases. Mohs’ micrographic surgery has not been employed but may prove useful.

Sweat Gland Differentiation

Microcystic adnexal carcinoma (MAC) shows dual differentiation into sebaceous
gland and sweat gland structures. There are no known causative factors, although
in some cases there is history of ionizing radiation exposure. The incidence in men
and women is approximately equal and the median age at presentation is 65 years
(range, 11–82). MAC presents clinically as a nodule, plaque, or cyst that grows
slowly over years (173). The lesion is markedly indurated and has surface telangiec-
tasias. It rarely undergoes ulceration. The main clinical differential diagnosis is mor-
pheaform BCC, SCC, dermatofibrosarcoma protuberans (DFSP), and other adnexal
tumors. MAC metastasizes to lymph nodes only occasionally but may directly
invade bone in advanced cases. On histological examination there is a desmoplastic
stroma, nests and cords of basaloid cells with ductal structures, and keratin-filled
cysts. MAC is a dermal tumor, the epidermis is rarely involved, and there is peri-
neural involvement in 80% of cases. IHC stains show CEA, S-100, and CF-1.
MAC is difficult to eradicate due to marked subclinical extension and perineural
involvement. The recurrence rate is 47% after surgical excision with margins up to
5 cm. Current recommendations include preoperative CT scan and MRI assessment
of extension followed by Mohs’ micrographic surgery (174).

Malignant eccrine spiradenoma (MES) shows differentiation toward eccrine
intradermal ductal cells or secretory cells and affects people 50 years and older. It
presents clinically as a sudden change in color or size of a pre-existing benign eccrine
spiradenoma. Ulceration may also occur. Approximately 40% of cases are located
on the upper extremities. Metastases occur only in lesions larger than 2 cm in dia-
meter, usually to lymph nodes or lungs. Histological examination shows cords of
basophilic cells with compact nuclei. Lobules are surrounded by a hyaline fibrous
capsule (175). IHC stains show CEA, EMA, CK, and S-100. Surgical excision with
1–2 cm margins is the treatment of choice (176). Elective lymph node dissection
should be considered. For clinically positive nodal disease, a therapeutic lymph node
dissection is performed. Radiation therapy was not effective in two case reports.

Eccrine porocarcinoma (EPC) derives from the intraepidermal portion of the
eccrine duct or acrosyringium. There are no known causative factors. Some
30–50% of cases originate from malignant transformation of pre-existing benign
eccrine poromas. PC affects people older than 50 years and there is a slight
predominance in women. The tumor is more frequent in whites (85%) than in Japa-
nese (14%). The most frequent location is the lower extremities (50%), legs (25%),
foot (14%), and thigh (12%). Malignant transformation of a benign poroma is man-
ifested by ulceration, bleeding, or sudden growth (177). Metastases occur in 20% of
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cases, usually with tumors larger than 1 cm in diameter. Metastases involve the
lymph nodes, lungs, retroperitoneum, bone, and liver. Mortality is approximately
68%. On histopathological examination, there are intraepidermal nests of basaloid
cells, absent keratinization, and small clefts within tumor islands. IHC stains show
positive reaction to CEA, EMA, and CK. Both surgical excision and Mohs’ micro-
graphic surgery offer cure rates of 85% (178). The latter is preferred for recurrent
lesions. If PC spreads to lymph nodes, cure is difficult. Therapeutic lymph node dis-
section is successful in only 17% of cases, with 83% developing distant metastases.
There are no data on ELND. Chemotherapy has variable response rate for distant
metastatic disease.

Malignant clear cell hidradenoma (MCCH) is considered to be the malignant
counterpart of eccrine acrospiroma. It is a rare tumor, accounting for only 6% of
malignant eccrine neoplasms. There are no known risk factors. The tumor has an
equal gender distribution, and patients have an average age of 52 years. MCCH pre-
sents as a nonspecific nodule or plaque, usually 3 cm in diameter or smaller. The
lesion is red with surface telangiectasias. Ulceration is rare. At least 49% occur on
the scalp or face, followed by acral sites in 28%, and trunk 23% (179). On histolo-
gical examination, there are lobules with two cell populations. Centrally located are
clear cells containing glycogen; basophilic spindle cells are found at the periphery. A
characteristic feature is the presence of prominent squamous proliferation. Like most
eccrine tumors, IHC staining shows EMA, CEA and CK positivity. MCCH tends to
recur in 50% of cases due to extensive subclinical extension and perineural involve-
ment (180). Radiation therapy should be avoided because it has been associated with
more aggressive behavior. Metastases involve lymph nodes (40%) or distant sites.
Recurrent tumors or MCCH with nodal involvement is best approached with Mohs’
surgery followed by chemotherapy (doxorubicin, 5-FU, cisplatin). Distant metastatic
disease is uniformly fatal despite chemotherapy.

Eccrine mucinous carcinoma (EMC) is derived from the eccrine secretory coil.
It is a rare tumor that predominates in Whites (65%) and men (66%). Patient’s med-
ian age is 63 years, ranging from 50 to 70. The lesion is usually single and asympto-
matic. Approximately 75% of cases affect the eye, face, or scalp. It presents as a
clinically translucent papule or nodule with a red or blue hue (181) resembling
BCC or pyogenic granuloma. Most EMCs follow an indolent course, but metastases
may occur in 10% of cases (3% of eye tumors but 38% of truncal lesions). Meta-
static spread is to regional lymph nodes with only occasional reports of distant
metastases. Histopathological examination reveals basaloid cells within mucinous
stroma. Cells are uniform in size and shape with few mitotic figures. IHC stains
are positive for EMA, CEA, and CK. Traditional surgical excision with 2 cm mar-
gins has a 28% recurrence rate (182). Mohs’ surgery may offer a better control rate,
especially for eyelid tumors and recurrent cases. Regional nodal disease is treated
with therapeutic lymph node dissection. The role of ELND is unknown. Distant
metastases fail to respond to both radiation therapy and chemotherapy.

Malignant chondroid syringoma (MCS) originates from apocrine structures. It
differentiates into sweat gland and chondroid elements. Most lesions develop de
novo and not from benign counterparts. At least two-thirds of cases occur in women
(183). Age ranges from 13 to 89, with an average of 52 years. The most frequent loca-
tion is the lower extremity (35%) followed by the upper extremity (20%), head and
neck (25%), and trunk (15%). MCS presents clinically as firm nodules that may
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ulcerate. Approximately 80% are painful. Histological examination shows lobules
containing epithelial and mesenchymal elements (chondrocytes) with variable pseu-
docapsule. Wide local excision results in a 50% recurrence rate and 45% metastases
to lymph nodes. Mohs’ surgery is probably useful. ELND and adjuvant radiation
should be considered (184). Nodal disease is best approached with surgical excision
of the primary site and therapeutic lymph node dissection. Chemotherapy is not
effective.

Primary cutaneous adenoid cystic carcinoma (PCACC) is a rare tumor with
eccrine=apocrine origin (185). It affects both men and women at a mean age of 59
years (range, 14–90 years). The most common location is the scalp, followed by
the trunk and extremities. Tumors resemble furuncles or larger erythematous
nodules. Metastases occur in 11% of cases, mostly to the lungs. On histological
examination, PCACC is indistinguishable from adenoid cystic carcinoma of salivary
glands. There are uniform basaloid cells with oval nuclei, solitary nucleoli, and rare
mitotic figures. Two patterns exist: a cribiform pattern with pseudolumina resem-
bling Swiss cheese and a tubular pattern with multiple ductlike structures. The tumor
is deep dermal and has no connection to the epidermis. There is frequent perineural
involvement. IHC stains are positive for EMA, CEA, and CK. Surgical excision
results in a 64% recurrence rate. Larger size and perineural involvement are risk
factors. Mohs’ micrographic surgery has been successfully attempted in at least
two cases but the follow-up has been too short for definitive results (186). One
case treated with radiation recurred after 15 months. Recurrent tumors are best
approached with Mohs’ surgery. It is impossible to make recommendations
regarding metastatic disease due to the scarcity of reported cases.

Malignant cylindroma may arise de novo or from pre-existing benign cylin-
dromas. Risk factors for malignant transformation of cylindroma include chronic
irritation and trauma, incomplete excision, and ionizing radiation. Approximately
90% of cases involve the scalp and women are more commonly affected. Malignant
cylindroma affects the elderly (average age, 72) and latency from onset of benign
tumor to malignant transformation is 27 years (187). Cylindromas are red, firm
nodules of various sizes. Malignant transformation is manifested by rapid growth
or ulceration. It is more likely in multiple tumors (64%) than in single neoplasms
(36%). Regional metastases occur in 44% of cases. Distant metastases are possible
to liver, lungs, or bone. Histopathological examination shows multiple irregular
islands of uniform cells surrounded by a hyaline sheath. There are small cells with
dark nuclei at the periphery and large, pale cells at the center. IHC stains are posi-
tive for CEA, EMA, and CK. Surgical excision results in a 36% recurrence rate.
Mohs’ surgery may be useful. Radiation is not recommended. Regional disease is
approached with therapeutic lymph node dissection. Distant metastatic disease is
incurable (188).

Paget’s disease of the nipple originates in luminal lactiferous ducts of breast
tissue. It affects women in the fifth decade of life (a decade older than most breast
cancer patients) and is frequently associated with an underlying intraductal carci-
noma. Paget’s disease presents clinically as an erythematous scaly patch that, in con-
trast to benign eczema, is indurated and well-demarcated (189). Mammography
shows changes in only 50–70% of cases. On histological examination there is a page-
toid distribution of large, pale, round cells in all layers of the epidermis. IHC staining
is positive for CEA, EMA, and CK. Mastectomy is the treatment of choice.

126 Garcia and Clark



Approximately 50% of patients have no associated intraductal carcinoma, and their
survival is 100%. For those with underlying carcinoma, survival is 43% at 5 years.
There is limited experience with conservative surgery in combination with radiother-
apy (190). If nodes are positive, survival drops to 10% even after therapeutic lymph
node dissection.

Extramammary Paget’s disease (EMPD) differentiates into both eccrine and
apocrine elements. The tumor presents as an erythematous scaly patch of variable
size and indistinct border (Fig. 31). It resembles tinea, psoriasis, eczema, Bowen’s
disease, or superficial BCC. EMPD is usually located on the anogenital area, axillae
head, or neck. It is more common in Whites and women during the sixth to ninth
decades of life. Approximately 24% of patients have an underlying adnexal carci-
noma and 12% of cases are associated with an internal malignancy of the gastroin-
testinal (GI) or genitourinary tract (191). Histopathological examination shows large
pale epithelial cells in what is termed a buckshot distribution (Fig. 32). Some nests
show glandular array. Dermal invasion signals the presence of adnexal carcinoma.
IHC stains are positive for CEA, EMA, and GCDFP-15 (apocrine glands). EMPD
is negative for S-100, HMB-45 (MM), or CK (SCC). Surgical excision or Mohs’ sur-
gery is the treatment of choice (192). IHC are useful to define surgical margins. Topi-
cal 5-FU is used preoperatively to delineate subclinical extension, and
postoperatively to detect recurrences (193). Therapeutic lymph node dissection is
indicated for nodal disease. Radical vulvectomy with bilateral groin lymphadenect-
omy is recommended for invasive cases. Mohs’ surgery is the treatment of choice for

Figure 31 Long-standing erythematous scaly patch on the pubic area that was repeatedly

treated as tinea and eczema without response. A diagnostic biopsy specimen showed
extramammary Paget’s disease. A short course of topical 5-FU was used to delineate
subclinical extension prior to treatment with Mohs’ surgery.
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recurrent tumors (194). Radiation therapy and chemotherapy are not curative but
may be useful as palliation in advanced cases. The initial work-up should include
physical and rectal examination, sigmoidoscopy, and cystoscopy. For women, mam-
mography and colposcopy are also indicated. Mortality is 18% but increases to 46%
if associated with adnexal or visceral neoplasia.

Malignant hidradenoma papilliferum (MHP) arises from pre-existing benign
hidradenoma papilliferum (HP). There are no other known risk factors. MHP and
HP present clinically as nonspecific dermal nodules with normal overlying skin.
The tumor affects women more than men, and Whites more than other races. The
most common location is the anogenital area. Although HP affects prepubertal
patients, MHP is usually seen in middle-aged women (195). Histopathological
examination shows an encapsulated dermal tumor without connection to the epider-
mis. There are tubular and cystic structures with papillary projections. Active decap-
itation secretion is a characteristic feature common to apocrine neoplasms. IHC
stains are positive for CK, CEA, S-100, and GCDFP-15. Surgical excision with 2
cm margins is the treatment of choice (196). Mohs’ surgery is a valid alternative.

Apocrine carcinoma (AC) is a rare tumor that accounts for 0.005% of surgical
specimens. The tumor usually affects areas rich in apocrine glands such as the axilla,
anogenital area, external auditory canal (EAC), Moll’s glands in the eyelid, and
mammary glands. Peak incidence is during the fifth to sixth decade without gender
predominance (197). The only risk factor may be ionizing radiation. AC presents non-

Figure 32 Histopathological examination in Paget’s disease shows characteristic prolifera-
tion of large pale cells in a buckshot distribution. Some glandular-like nests are evident at the

level of the hair follicle. Such pagetoid proliferation is seen also in malignant melanoma and
squamous cell carcinoma, and differentiation is established with the help of immunohisto-
chemical stains.
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characteristically as a firm or cystic, nontender dermal nodule of variable size. Lesions
are single, mobile, and red, blue, or skin-colored. On histological examination,
AC shows glandular nests and cords of polygonal eosinophilic cells forming lumina
(ductopapillary variety). Signs of malignancy include atypia, nuclear pleomorphism,
necrosis, vascular or perineural invasion, and poor delimitation. IHC staining is posi-
tive for CEA, EMA, CK, and GCDFP-15. Wide surgical excision is the treatment of
choice but 80% recurrence rates have been reported.Metastases occur in 30%, mostly
to lymph nodes, but also to lungs, liver, and bone. Mohs’ surgery may improve cure
rates (198). It is currently indicated for cosmetic areas, tissue preservation, and recur-
rent tumors. Therapeutic lymph node dissection is performed for nodal disease.
Consider sentinel node biopsy (see section on malignant melanoma). Metastatic
disease is treated with chemotherapy. Radiation therapy is ineffective.

Sebaceous Gland Differentiaton

Sebaceous carcinoma arises from meibomian (51%) and Zeis glands (10%) of the
eyelid. The tumor is not caused by ultraviolet (UV) radiation but certain HPVs
and ionizing radiation are contributing factors. Chronic chalazion is also a predis-
posing factor due to inflammation and production of oleic acid. Sebaceous carci-
noma may occur singly or in association with keratoacanthomas and internal (GI
tract) malignancies as part of the Muir-Torre syndrome (199). Sebaceous carcinoma
affects women more than men, usually in the sixth or seventh decade of life. It pre-
dominates in Asians. Approximately 25% of cases are extraocular, mostly from the
parotid gland (20%). A multicentric origin is reported in 12% of cases. Clinically,
the lesions present as yellowish nodules of variable size. Histopathological examina-
tion shows lobules and cords of neoplastic cells with sebaceous differentiation. Cells
have a foamy cytoplasm, nuclear pleomorphism, and mitotic figures. A pagetoid pat-
tern is observed in 40–80% of cases. IHC stains are positive for EMA, but are nega-
tive for CEA, breast carcinoma antigen, S-100, or GCDFP-15. Stains for lipids are
useful, including Sudan IV and oil red 0. Surgical excision is the treatment of choice
but the recurrence rate is 30%. Mohs’ surgery is indicated for tissue preservation and
better margin control (200). Recurrence rates are lower but the pagetoid pattern and
multicentric origin impair the effectiveness of the Mohs’ technique. Metastases occur
in 14–25% of cases, mostly to lymph nodes, liver, lungs, bones, and brain. Nodal
disease is treated with surgical excision of the primary site, lymph node dissection,
and radiation therapy. Distant metastatic disease is managed with surgery, radiation
and chemotherapy.

Initial work-up includes physical examination, rectal and breast examination,
ophthalmological evaluation, stool guaiac, complete blood count (CBC), chest
x-ray, mammography, and colonoscopy. Follow-up is done at 1 and 3 months after
surgery; every 3 months for 2 years; and yearly thereafter.

Merkel Cell Carcinoma

Merkel cell carcinoma originates in Merkel cells (cutaneous mechanoreceptors
that provide a template for nerve arborization during neural development). It is
an infrequent tumor with unknown incidence. Men and women are equally
affected and patients’ mean age is 69 years. UV radiation, immunosuppression,
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and glucocorticosteroids are relevant contributing factors. Merkel cell carcinoma
(MCC) presents as an asymptomatic, erythematous–violaceous nodule with telan-
giectasias (Fig. 33). It may resemble BCC, SCC, or MM, and is usually less than
2 cm in diameter. Approximately 50% of lesions affect the head and neck followed
by the extremities in 35% of cases (201). Histological examination shows monoto-
nous small cells with round nuclei, marked mitotic activity, and prominent nucleoli.
Histologically, MCC resembles undifferentiated small-cell carcinoma. IHC staining
is positive for neuron-specific enolase, neurofilament and CK. Localized disease is
best approached with surgical excision using 3 cm margins or Mohs’ micrographic
surgery (202). Overall, cure rates are 60–90% for primary and 50% for recurrent
lesions. Primary tumors of the head and neck, however, have a recurrence rate of
20–100% after surgery alone, and various centers advocate adjuvant external beam
radiation therapy. This approach reduces recurrence rates to 10–40%. Initial work-
up should include physical examination with detailed node evaluation, CBC, LFT’s,
and chest radiographs. CT scans of the chest, neck, abdomen, and pelvis are also

Figure 33 Large, nonspecific, ulcerated nodule on the cheek of an elderly women. The
biopsy showed Merkel cell carcinoma and the patient was treated with Mohs’ surgery.
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indicated. Nodal disease occurs in approximately 50% of patients; therefore, a sen-
tinel node biopsy is recommended for most lesions. Survival is only 48% after sur-
gical excision, therapeutic node dissection, and radiotherapy (203). Distant metastatic
disease may involve the skin, lungs, liver, and brain. Combination chemotherapy is
palliative and all patients eventually die from their disease within 6 months.

Sarcomas

Sarcomas are soft tissue tumors with variable malignant potential. Tumors are clas-
sified as benign, intermediate (locally invasive and tend to recur) or malignant
(locally aggressive with potential for metastases). Their development is related to
genetic factors, trauma, radiation, immunosuppression, carcinogens, and=or viruses.
Histological grading, although subjective, plays an important role in classification
and management. Aggressive sarcomas are usually poorly differentiated and tend
to metastasize early. Nodal involvement is unusual but its presence constitutes a
poor prognostic sign. It has also been recognized that biopsies, drains and sutures,
along with postoperative fluid collection, are risk factors for tumor implantation
and recurrence.

Sarcomas of Fibrous Tissue

Fibrosarcoma is a rare malignant tumor from deep tissues such as fascia or tendons.
Well-established causative factors include ionizing radiation (204), chronic scars, and
certain chromosomal aberrations. Fibrosarcoma affects all ages but is more common
during the fourth to sixth decade of life. Tumors present clinically as subcutaneous
masses with intact overlying skin. Ulceration indicates aggressive growth. Pain is
present in 50% of cases. Approximately 50% of lesions occur on the lower extremity
with marked predominance of the thigh (205). On histopathological examination,
there are masses of spindle cells with variable differentiation, storiform pattern,
and myxoid changes. IHC stains are positive for CD34 and vimentin, but not for
epithelial, muscular, neural, melanocytic, or vascular markers (see below). Treatment
is similar for all soft tissue sarcomas. Wide local excision with or without amputation
is the usual approach. Adjuvant radiation therapy is indicated for aggressive or inva-
sive cases. Recurrence rates are unknown but 5 year survival is 50%. Current proto-
cols also include chemotherapy with doxorubicin but the survival rate has not been
modified (206).

Dermatofibrosarcoma protuberans (DFSP) is an uncommon soft tissue tumor
accounting for fewer than 0.1% of all malignancies and 1% of soft tissue sarcomas.
This tumor arises in the dermis and invades the surrounding tissue by radial and ver-
tical extension through the pre-existing collagen bundles and along connective tissue
septa. Fifty percent of these neoplasms arise on the trunk, 35% involve the extremi-
ties, and 15% occur on the head and neck. DFSP has been reported in all races with
a slight predominance in men (207). Most cases occur in patients between ages 20
and 50 years. Twenty percent of all patients report antecedent trauma. This tumor
has also been reported to arise in surgical scars, vaccination scars, and burn scars.
Tumors may appear as a plaque or nodular growth. The initial presentation is
usually a dusky, indurated plaque that may go unrecognized for an extended period
of time. The color of the plaque may vary from brown to bluish-red with a blue or
reddish hue of the surrounding skin. The plaque is usually flat and in some cases

Skin Neoplasms 131



depressed, resembling morphea, and over time the plaque becomes larger with the
gradual development of a nodular component within the sclerotic area. The nodular
component may become quite large in advanced tumors and vary in color from flesh-
colored to dusky red or red-brown (Fig. 34). Five percent of DFSPs may present as a
rare variant known as a Bednar tumor. This pigmented form occurs predominantly
in black patients and contains melanin. Histologically, DFSP is composed predomi-
nantly of cells with large, spindle-shaped nuclei embedded in varying amounts of col-
lagen. The cells are arranged in irregular, intertwining bands producing a storiform
or matlike pattern (Fig. 35). IHC staining is positive for CD-34 (208). Surgical exci-
sion is the treatment of choice. Recurrences are common because the infiltrating
growth pattern often extends well beyond the perceived clinical margins. Reported
rates of recurrence vary from 11 to 54% following treatment with conventional sur-
gical excision (209). Mohs’ micrographic surgery along with rapid immunohisto-
chemical staining for CD-34 antigens is useful in the surgical management of
DFSP. More than 200 cases have been treated to date with only seven recurrences
(3.3% recurrence rate) (210). Radiation therapy is indicated for inoperable tumors
and as an adjunct to surgical removal. However, it should be used cautiously because
fibrosarcomatous changes within DFSP have been reported following irradiation.
Chemotherapy plays no role in the treatment of DFSP. DFSP metastasizes in fewer
than 4% of cases. Metastatic cases almost always are recurrent tumors with a con-
siderable time elapsed between diagnosis, multiple recurrences, and metastasis.
Favored metastatic locations include lung, brain, bone, and, rarely, lymph nodes.

Atypical fibroxanthoma (AFX) is a fairly common tumor that presents
predominantly on the sun-exposed areas of the head and neck regions of elderly

Figure 34 Dermatofibrosarcoma protuberans on the ankle of a young man. The lesion is
firm, brown, and well-demarcated. DFSP lesions may be clinically identical to keloid scars or

dermatofibromas.

132 Garcia and Clark



patients. The most common locations are the nose, cheek, and ear with occasional
occurrences on the trunk and limbs. This tumor usually presents as an asymptomatic
solitary nodule or ulcerating nodule 2 cm in diameter or smaller. Clinically, AFX
may resemble squamous cell carcinoma, basal cell carcinoma, epidermal inclusion
cyst, or an ulcerated pyogenic granuloma. UV radiation appears to play an etiologic
role since many of these tumors occur on severely actinically damaged skin in elderly
individuals. Radiation therapy is also thought to be a contributing factor (211). AFX
is often considered a superficial form of malignant fibrous histiocytoma. Due to its
superficial location within the skin and its relatively small size, the tumor usually
pursues a benign course. It has rarely been reported to metastasize to regional lymph
nodes and parotid gland. On histological examination, AFX is composed of cells
with pleomorphic, often hyperchromatic, nuclei in an irregular arrangement. Cells
may appear spindle-shaped and lie in small bundles resembling fibroblasts. Other
cells may appear polygonal and have foamy vacuolated cytoplasm and thus resemble
histiocytes. Most AFX tumors will have large, bizarre, multinucleated giant cells
showing marked nuclear atypicality. Recommended treatment for cutaneous AFX
is surgical excision with margin control. Mohs’ micrographic surgery has been used
to treat AFX with excellent clinical results (212). Nodal disease is approached with
surgical excision of the primary site and lymph node dissection. Adjuvant radiation
therapy has been successfully employed in some cases.

Malignant fibrous histiocytoma (MFH) is a pleomorphic sarcoma representing
the most common soft tissue sarcoma of middle and late adult life. It is an aggressive

Figure 35 Characteristic storiform arrangement of spindle cells in dermatofibrosarcoma
protuberans. A rare variant containing large amounts of melanin is known as the Bednar

tumor.
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soft tissue sarcoma that has been subclassified into superficial and deep tumor types.
Superficial tumors originate in the subcutaneous tissue and attach to the underlying
fascia. In rare cases these tumors may invade the overlying dermis, resulting in
ulceration. The deep tumor variety may originate in the subcutaneous tissue and
extend through the underlying fascia into the muscle, or may originate within the
muscle itself. The deep tumor variety appears to be twice as common as the super-
ficial type, with poorer survival. Metastases occur in regional lymph nodes and the
lungs and are the usual cause of death (213). On histological examination, MFH is a
highly cellular tumor made up of fibroblastic, histiocytic, and bizarre-appearing
cells. Fibroblastic cells have elongated-to-spindle-shaped nuclei and are arranged
in storiform patterns. Histiocytic cells have a polygonal structure with irregularly
shaped nuclei and cytoplasm that may be eosinophilic or vacuolated. Multinucleated
giant cells with bizarre, hyperchromatic nuclei can be noted. IHC stains are positive
for vimentin (mesenchymal); lysozyme, alpha-1 antitrypsin, and CD-68 (histiocytes);
and collagen- and fibroblast-associated antigen (fibroblasts). Surgical excision with
or without regional lymph node dissection is the treatment of choice. Reported
recurrence rates are 30–47% even after amputation. Adjuvant radiation lowers the
recurrence rate to 19% (214). Mohs’ micrographic surgery can be used for the super-
ficial type of MFH. A retrospective study involving 17 patients demonstrated a sin-
gle recurrence after an average of 3 years’ follow-up. Overall 5 year survival is 70%
(215). The metastatic rate is variable depending on the depth of invasion. MFH con-
fined to the subcutaneous tissue metastasizes in fewer than 10% of cases; those invol-
ving the subcutaneous and fascial planes have a metastatic rate of 27%. Deep-seated
tumors involving skeletal muscle metastasize in 43% of cases. The 5 year survival
rate is approximately 60%.

Sarcomas of Vascular Tissue

Angiosarcoma (AS) is a malignant tumor that originates from vascular endothelium
and accounts for 1–4% of soft tissue sarcomas. The only known predisposing
factors are ionizing radiation and chronic lymphedema. It is classified into cutaneous
(60%) and deep angiosarcoma (40%) but we will review the former only (216).

AS associated with lymphedema presents in areas of chronic lymphedema
occurring after radical mastectomy for treatment of breast cancer. However, fewer
than 1% of patients with breast cancer develop it. Patients are usually in the seventh
decade of life and AS presents an average of 10 years after surgery. Lesions are single
or multiple, red to violaceous nodules. The most common location is the arm.

Cutaneous AS of the face and scalp accounts for 50% of tumors. Typically, the
lesions present on the head, neck, or scalp of elderly men. Mean age at presentation
is 67–74 years and whites are most frequently affected. The tumors are purple–red
nodules and plaques that tend to ulcerate during the course of the disease. Multiple
lesions occur in 60% of patients.

Primary AS of the breast is a variant that makes up 0.4% of breast tumors. It
usually occurs in young women between the ages of 30 and 40. Lesions are painless
red or blue nodules and plaques.

Post-irradiation AS occurs in 0.1% of cancer patients who survive more than 5
years. Latency period from irradiation to tumor is 2 to 50 years. Median age is 63
and the ratio of women to men is 2:1.
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On histological examination, the angiomatous pattern represents the best-
differentiated form of AS. There are multiple vascular channels lined by neoplastic
endothelial cells with hyperchromatic nuclei and increased mitotic activity. The
projection of cells into vascular lumina is pathognomonic. The spindle-cell variant
corresponds to an intermediate grade of differentiation. The cells are fusiform and
placed around vascular spaces. Undifferentiated AS is indistinguishable from other
sarcomas. There are polygonal epithelioid cells with prominent nucleoli arranged in
sheets. IHC stains show vascular markers such as factor VIII, UEA-1, and CD-31.

AS associated with lymphedema responds poorly to conservative surgery (217).
Amputation leads to fewer recurrences and improves survival. The overall prognosis
is dismal, with patients surviving up to 36 months. Most develop distant metastases
to lungs, bones, or liver.

Cutaneous AS of the face and scalp is associated with nodal involvement in 13%
of cases and has an 80% recurrence rate after conventional surgery. Multicentric ori-
gin and subclinical extension account for the poor results. Mohs’ micrographic sur-
gery offers better margin control, and sentinel node biopsy is emerging as a useful
approach. Current treatment of choice is surgery in combination with adjuvant
high-energy electron beam radiation. The reported 5 year cure rate is 54% compared
to 19% with traditional therapy (218). Radiation therapy alone has not been effective
and chemotherapy has not been adequately investigated. In contrast to other sarco-
mas, histological grading bears little relationship with prognosis, but survival varies
inversely with size. There is 100% mortality for tumors larger than 10 cm compared
with 67% in smaller lesions. The prognosis is also poor for recurrent tumors: only 8%
can be rendered disease-free. At least 50% of patients develop metastases to lungs,
liver or spleen. Lymph node involvement occurs in 15% of patients. Average survival
is 10–20 months and reported 5 year survival rate is 25–33%.

Mammary AS is treated with mastectomy, but without axillary lymph node
dissection, since the tumor rarely invades the regional nodes (219). Adjuvant
chemotherapy yields significant beneficial results in patients with well-differentiated
tumors (survival: 91%) but most others die of their disease. Metastases occur to
lungs, liver, and spleen. Radiation-induced AS is treated according to clinical presen-
tation.

Kaposi’s sarcoma (KS) occurs in 15% of human immunodeficiency virus (HIV)-
positive homosexual male patients. Human herpes virus type 8, and to a lesser degree
HPV 16, has been identified as an causative cofactor. Recent evidence suggests that
HIV per se can induce KS via production of gene products and cytokines. The typical
clinical presentation includes macules, papules, nodules, or plaques that are sym-
metrically distributed over skin and oral mucosa (220). Lesions are pink to red or
purple. Differential diagnosis must include purpura, hemangiomas, bacillary angio-
matosis, lymphoma, and syphilis. Histological examination shows a dermal tumor.
The earliest change is a subtle proliferation of blood vessels occurring in clinically
unaffected skin. Next is the development of the patch stage, characterized clinically
by pinkish macules and evident histologically as increased numbers of dilated slit-like
vascular spaces lined by flat endothelial cells. The plaque stage is recognizable by
abundant slit-like vascular spaces and scattered extravasated erythrocytes and side-
rophages. The nodular stage is characterized by cellular proliferation of spindle cells.
Atypia is prominent and there is marked pleomorphism and multiple mitotic figures.
IHC stains are positive for factor VIII, UEA-1, CD-31, and CD-34. Treatment of
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uncomplicated KS of the skin is done for cosmetic reasons. Options include cryother-
apy with liquid nitrogen and intralesional vinblastin or interferon alpha 2b (221).
Life-threatening disseminated KS is best managed with systemic high-dosage inter-
feron alpha (8M units=day), which is very effective if the CD-4 counts are higher
than 200 cells=mm3. Promising therapies include liposomally encapsulated doxorubi-
cin and daunorubicin (90% response) and topical photodynamic therapy in combi-
nation with interferon alpha 2b.

Hemangiopericytoma (HPC) originates in the pericyte, a spindle cell found
around capillaries and venules that may be involved in regulation of vessel caliber.
No specific causative factors have been implicated but multiple chromosomal
abnormalities, including translocations of chromosome 29, have been identified.
Mean age at presentation is 38–58 years, ranging from infancy to 92 years. Men
and women are equally affected. HPC involves the lower extremities in approxi-
mately 35% of cases, followed by the pelvis and retroperitoneum in 25%, and head=
neck in 17% (222). Meningeal HPC accounts for fewer than 1% of tumors. Like
other sarcomas, HPC presents as an asymptomatic, slowly growing mass. Size is
variable but may reach 35 cm. Color is gray, tan, pink, or purple. Subclinical exten-
sion is revealed by CT scans and MRI. Angiography demonstrates the vascular nat-
ure of the tumor with many small corkscrew vessels. On histological examination,
HPC is characterized by multiple vascular channels in a so-called stag-horn distribu-
tion. There are spindle cells with ill-defined cytoplasm, mitoses, and anaplasia. IHC
staining is positive for vimentin and factor VIII. Differentiation from malignant
fibrous histiocytoma is almost impossible. Surgical excision is the treatment of
choice. Massive bleeding is common and preoperative embolization is now routine.
Radiation may be used as primary or adjuvant therapy. Cure rates of 90% have been
reported (223). Chemotherapy is not effective.

Sarcomas of Muscular Tissue

Cutaneous leiomyosarcoma (LMS) is a rare tumor that accounts for 7% of soft tis-
sue sarcomas. It arises from the arrector pili muscle of hair follicles or muscles asso-
ciated with sweat glands. Subcutaneous LMS develops from vascular smooth
muscle. There are no known causative factors. A relationship with irradiation,
trauma, and malignant transformation of pre-existing leiomyoma is anecdotal.
Median age at presentation is 40–70 years. There is no gender or racial predomi-
nance. The most frequent location is the thigh (Fig. 36). The tumor presents as a
slowly growing, solitary mass that is red or blue. Ulceration and pain are variable.
Histological examination shows typical muscular spindle cells arranged in bundles
(224). Mitotic figures and nuclear atypia are common. Blunt-edged, cigar-shaped
nuclei are characteristic (Fig. 37). IHC staining is positive for desmin, actin and
vimentin. The current recommendation is surgical excision with 2 cm margins.
Recurrent rates are as high as 40–60% (225). Mohs’ surgery offers better margin
control and tissue preservation. Adjuvant radiation therapy is indicated for tumors
with high-grade histological characteristics, larger than 5 cm, or recurrent. Che-
motherapy has been used only in the context of clinical trials. Nodal disease is best
treated with a lymph node dissection. Metastases, although rare in cutaneous LMS,
are treated with surgery in combination with chemotherapy. The response rate varies
between 15 and 30%.
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Cutaneous rhabdomyosarcoma (RMS) is the most common soft tissue
sarcoma in children and adolescents. Purely cutaneous RMS is exceedingly rare. It
arises from primitive undifferentiated mesenchymal tissue, not from mature
skeletal muscle as the name may suggest. The only predisposing factors are genetic,
with familial aggregation and association with neurofibromatosis and retinoblas-
toma. Mean age at presentation is 10 years and the tumor predominates in males
(226). The lesion presents nonspecifically as a subcutaneous nodule that grows
slowly. Head and neck lesions account for 70% of cases, with the remaining tumors
affecting the trunk (20%) and extremities (10%). Histological examination shows ill-
defined aggregates of poorly differentiated round or oval cells. Hyaline fibrous septa
and giant cells are characteristic. IHC stains are positive for desmin, actin, myoglo-
bin, vimentin, and myosin. RMS requires a multidisciplinary approach for treat-
ment. The current recommendation is surgical excision in combination with
radiation and multiagent chemotherapy. The overall 5 year survival is 63% (227).
Prognosis for localized, fully resected disease is excellent, with an 80–85% 5 year sur-
vival rate. Survival is lower for patients with incompletely excised tumors (65%) or
metastatic disease (20%). Metastatic spread occurs to lung, bone marrow, and
lymph nodes.

Sarcomas of Neural Tissue

Malignant peripheral nerve sheath tumor (MPNST) is rare and accounts for 10% of
soft tissue sarcomas. Ionizing radiation is the only known causative factor, however,
it is present in only a minority of patients. The tumor usually manifests as a sudden

Figure 36 Large leiomyosarcoma of the thigh. Lesion is firm, hyperpigmented, and fixed to
deep tissues.
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growth of a pre-existing neurofibroma in patients with neurofibromatosis (228). The
neoplasia is commonly associated with a nerve plexus and many patients have evi-
dence of neuropathy or pain. Histological examination demonstrates spindle cells
arranged in interlacing fascicles. Nuclear atypia and hyperchromasia are present.
IHC stains are positive for S-100, vimentin, myelin basic protein, and neuron-specific
enolase. Currently available therapy is disappointing. Wide surgical excision results
in recurrence rates higher than 50% (229). The tumor is not responsive to either che-
motherapy or radiation. Metastases are documented in 50% of deep-seated lesions.

Malignant granular cell tumor (MGCT) is a rare tumor. Mean age at presenta-
tion is 48 years. Lesions tend to be large (4–10 cm), grow rapidly, and become ulcer-
ated. The most frequent location is the tongue. Histological examination shows
polygonal epithelioid cells with granular eosinophilic cytoplasm. A characteristic
pseudoepitheliomatous hyperplasia of the overlying epidermis is frequent (230).
These changes are similar to those of benign granular cell tumors, but there is more
pleomorphism, hyperchromatism, spindle cells, and necrosis. IHC stains do not dif-
ferentiate between benign and malignant tumors. There is positive staining for
vimentin, S-100, neuron-specific enolase, and myelin basic protein. The treatment
of choice is wide surgical excision with regional lymph node dissection (231). Adju-
vant radiation is provided for aggressive tumors, positive nodal disease, and pallia-
tion for metastatic lesions. The value of chemotherapy is controversial but
doxorubicin may be useful. Most series report 65% mortality at 3 years. Poor prog-
nostic signs include older age, female gender, midline location, larger size, and evi-
dence of necrosis. Metastases occur via lymphatics to regional nodes and via
blood to lungs, liver, and bones.

Figure 37 Typical blunt-edged nuclei in neoplastic cells of leiomyosarcoma. Malignancy is
suggested by prominent hyperchromatism, nuclear atypia and abnormal mitotic figures.
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Liposarcoma

Liposarcoma (LS) originates in the lipoblast, which is similar to a mature lipocyte
but is larger size and has a more pleomorphic nucleus. There appears to be an asso-
ciation with neurofibromatosis, asbestos, and ionizing radiation. The development
from benign lipomas is controversial. LS is the most common soft tissue sarcoma
of the lower extremities. It occurs in any age group but most frequently in patients
between 45 and 55 years (232). There is a slight male predominance. The most com-
mon location is the thigh followed by the retroperitoneum. LS presents as an asymp-
tomatic mass that grows slowly over time. Retroperitoneal tumors manifest as a
palpable abdominal mass. Pain is a variable feature. On histological examination,
approximately 50% of LS tumors show lipoblasts included in a myxoid stroma, vari-
able hyperchromasia, and pleomorphism. In the sclerosing variant, there are dense
collagenous septa. Pleomorphic LS accounts for 10–30% of cases. It is characterized
by marked anaplasia and pleomorphism, and variable bizarre multinucleated giant
cells. Lipoblasts show hyperchromatic scalloped nuclei with multiple vacuoles.
Round cell LS makes up less than 10% of cases and shows poorly differentiated,
small, round lipoblasts with minimal intracellular lipid. IHC stains are positive for
S-100 and vimentin.

Local disease is treated with wide surgical excision. Amputation is recom-
mended only for aggressive tumors invading muscle or bone. Local recurrence ranges
from 45 to 75%, with the highest recurrence rate (78%) for retroperitoneal LS. Better
results may be obtained with a combination of surgery and radiation (233). Prognosis
is better for children with an overall survival of 70–90%.

Metastases occur in 15–45% of cases, with a higher incidence for pleomorphic,
poorly differentiated, and round cell variants. The most common site for metastases
is the lung, followed by bone and liver. Lymph node disease is extremely uncommon.
Metastatic disease is best approached with surgery and adjuvant radiation therapy
but most patients eventually die of their disease. Radiation therapy can provide
effective palliation.

Epithelioid Sarcoma

Epithelioid sarcoma (ES) is derived from pluripotential mesenchymal cells or
histiocytes. It accounts for 1% of soft tissue sarcomas. ES affects young people with
a median age of 23 years. It predominates in men (1.8:1). The most frequent location
is the upper extremity (58–68% of cases) followed by the lower extremity (27%).
Favored locations are the hands and feet (234). ES presents as a firm, slowly grow-
ing, subcutaneous mass that shows ulceration or sinus formation. Only 20% are
painful. Differential diagnosis must include fibrous histiocytoma, fasciitis, fibroma-
toses, other sarcomas, and granular cell tumor. Histopathological examination
shows nodules of eosinophilic epithelioid and spindle cells. The characteristic pattern
of growth shows epithelioid cells surrounding central necrotic or acellular areas.
IHC staining is positive for CK and EMA (epithelial markers) and vimentin
(mesenchymal marker).

Wide surgical excision with margin control is as effective as amputation (235).
However, metastases occur in 45–50% of cases. Prognosis is dismal because lesions
are resistant to radiation and chemotherapy. Frequent metastatic sites include the
lymph nodes (48%), lungs (25%), scalp (10%), and skin (6%). Survival ranges from
months to years but at least 90% of patients eventually die from this tumor. Poor
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prognosis is associated with proximal location, male gender, advanced age, size
larger than 5 cm, deep local invasion, vascular or perineural involvement, necrosis,
hemorrhage, high mitotic rate, and nodal involvement.

Cancer Metastatic to the Skin

Metastases to the skin from an internal neoplasia are rare (236). Reported incidence
varies from 0.7 to 9% but the most realistic figure is approximately 1.3%. Skin
involvement as the presenting sign of visceral cancer is even less frequent, occurring
in 0.8% of cases. In general, a metastatic event must be viewed as a multistep process
that involves detachment from the primary site, intravasation (penetration to blood-
=lymphatic vessels), circulation (survival of cells by homotypic aggregation), stasis,
and extravasation with tissue invasion. The biological basis for site-specific metas-
tases is complex and not well understood, but the following factors may be involved:
cellular adhesion molecules, ability to invade tissue by producing proteases, and abil-
ity of tumor cells to induce angiogenesis.

The most common sites of origin for cutaneous metastases are the breast, lung,
and colon. Clinically, metastatic lesions present as any of the following:

Intradermal or subcutaneous nodules of variable size that range from skin-co-
lored to red or violaceous. Should the metastatic lesions be located on the
umbilical area, they are known as Sister Mary Joseph’s nodules (tumors
from the GI and GU tract). Sometimes the lesions show a characteristic
dermatomal or zosteriform distribution.

Inflammatory metastases are red, indurated plaques resembling erysipelas.
Cicatricial metastases resemble scars.
Carcinoma en cuirass implies extensive and confluent disease, conveying the

impression that the patient is encased in armor (cuirasse).

Breast Carcinoma

Approximately 6.3% of patients with breast carcinoma experience cutaneous invol-
vement, but in only 3.5% of cases is this the initial presentation. More than 50% of
metastatic lesions occur as direct extension from the tumor mass in the form of
Paget’s disease or as nodular–ulcerative lesions. Other common presentations are
inflammatory carcinoma and carcinoma en cuirass.

IHC stains may aid in the diagnosis of highly undifferentiated tumors (adeno-
carcinomas): GCDFP-15 antigen is highly specific for breast carcinoma.

Lung Carcinoma

It has been reported that approximately 5.7% of patients with cutaneous metastases
have an underlying lung carcinoma, but the true incidence of skin involvement with
this tumor is unknown. Lesions present clinically as nonspecific nodules, zosteriform
metastases, or inflammatory carcinoma.

Colon and Ovarian Carcinoma

Colon and ovarian carcinoma may present as abdominal subcutaneous nodules,
extramammary Paget’s disease of the anogenital area, carcinoma en cuirass, or
inflammatory carcinoma. Diagnosis must be established by histological examina-
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tion and, in difficult cases, by IHC stains. GI adenocarcinoma stains for EMA,
CK, and CEA. Ovarian carcinoma shows positive staining with CEA, CA-125,
and CA-19-9.

Treatment of cutaneous metastases is difficult (237). Radiotherapy usually pro-
vides only temporary improvement and many metastatic neoplasms are resistant to
chemotherapy. In general, surgical excision of individual lesions is considered pallia-
tive. Only modest results have been achieved with innovative immunotherapeutic
regimens.

Cutaneous metastatic disease carries a dismal prognosis. Survival is approxi-
mately 31 months for breast carcinoma, 18 months for colon carcinoma, 16 months
for melanoma, and 5 months for lung carcinoma.
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Flap Survival and Tissue Augmentation

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

FLAP PATHOPHYSIOLOGY

Reperfusion Injury and the No-Reflow Phenomenon

The common basic problem with any failing flap is lack of nutrient blood flow. How-
ever, a compromised flap can sustain a paradoxical increase in tissue injury after the
re-establishment of nutrient blood flow by a phenomenon known as reperfusion
injury. Reperfusion injury occurs within seconds of blood flow being re-established
to a compromised flap (Fig. 1). The primary cell responsible for reperfusion injury is
the neutrophil, which is attracted to ischemic tissue by cytokines. Neutrophils
migrate into the flap parenchyma and release free radicals causing cellular injury
(1). Compromised reperfused flaps also exhibit the no-reflow phenomenon; the find-
ing that blood flow does not return immediately to some parts of a flap. This is
believed to be due to neutrophil plugging; however, the actual cause is unknown.

Reducing reperfusion injury is beneficial to all types of flaps (2,3) and several
experimental and clinical protocols show that oxygen free radical scavengers (3),
antineutrophil antibodies (4), and anti-inflammatory drugs are effective. Anti-
inflammatory agents including phospholipase A2 inhibitors (steroids) and lipoxygen-
ase inhibitors are effective in reducing ischemia–reperfusion injury (5,6). However,
cyclo-oxygenase inhibitors (nonsteroidal anti-inflammatory drugs [NSAIDS]) are
not effective in reducing reperfusion injury (7). By inhibiting phospholipase A2, ster-
oids including dexamethasone and hydrocortisone reduce the concentration of
arachidonic acid (AA) and the formation of prostaglandins and leukotrienes.
Prostaglandins are formed by the action of cyclo-oxygenase on arachidonic acid;
however, inhibition of this enzyme is ineffective in reducing reperfusion injury.
Leukotrienes are formed by the action of lipoxygenase on arachidonic acid and inhi-
bition of this enzyme is effective in reducing reperfusion injury (5) (Fig. 2). Systemic
steroids are probably effective due to a reduction in the concentration the leuko-
trienes, not prostaglandins. In fact, prostacyclin (a prostaglandin) is protective in
several experimental canine models of myocardial ischemia because it inhibits neu-
trophil activation and accumulation (8). Based on improved flap survival in several
animal studies, systemic dexamethasone can improve the survival of random-pattern
flaps if it is administered prior to, or shortly after, flap elevation. Steroids may also
be beneficial in secondary ischemic events encountered in free flaps.
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Certain pathophysiological events depend on the type of flap (random, axial,
or free) because of the fundamental differences in nutrient blood flow, and in the dif-
fering methods of tissue transfer to the recipient site.

Figure 1 A simplified representation of reperfusion injury. Injured endothelial cells liberate
a variety of cytokines. Upon reperfusion, these cytokines attract and activate circulating

inflammatory cells including neutrophils. These activated cells (indicated by halos) express
receptors on their surfaces that interact with endothelial cell surface receptors allowing
attachment and transmigration. The neutrophils release their oxygen free radicals (respiratory

burst) leading to parenchymal tissue damage. This process occurs within minutes of
reperfusion.

Figure 2 The phospholipase A2 pathway.
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Random Flap Pathophysiology

Random flaps undergo necrosis secondary to lack of nutrient blood inflow rather
than lack of venous outflow (9). The sympathetic nervous system is primarily
responsible for determining the blood flow to the skin. Cutting the skin causes
a release of norepinephrine from the severed sympathetic nerves and the release
of thromboxane A from platelets, both of which are potent vasoconstrictors.
Vasoconstriction may be the underlying factor behind two common theories
regarding the pathophysiology of random flap failure: arteriovenous shunting
and arterial insufficiency. Arteriovenous shunting is a lack of nutrient blood flow
to the distal part of a flap through pathological arteriovenous shunts. Closure of
these shunts either pharmacologically or spontaneously (theoretically) will lead to
an improvement in survival of the distal portion of the flap (10). Kerrigan (11)
disputes arteriovenous shunting as the cause of random flap failure and reports
arterial insufficiency alone as the cause for distal flap failure. She found that dur-
ing flap harvest there is a proximal to distal decrease in blood flow despite patent
vascular channels and an increased intravascular hematocrit and pooling of red
blood cells.

The clinical factors associated with ischemic necrosis in random flaps include
the following:

Excessive tension along the wound edges from taut sutures.
Compressive dressings.
Infection which incites an inflammatory reaction in flap tissues with

recruitment of neutrophils and similar cytotoxic cells. Flap adhesion to
the wound bed and general healing are also delayed, often leading to flap
dehiscence.

Hematoma: clot releases oxygen free radicals (12), increases the tension on flap
edges, prevents adhesion to the bed, and produces a medium for bacteria
to proliferate leading to a wound infection. Medications that affect blood
coagulation (NSAIDS, wartanin) should be discontinued. Salicylates
irreversibly block platelet function and should be discontinued at least 1
week prior to surgery. Acetaminophen does not affect blood coagulation.

Subcutaneous epinephrine (e.g., 1=200,000) if used in the area of a random-
pattern nondelayed flap has no effect on tissue survival. However, it
significantly reduces tissue survival in random-pattern delayed and
expanded flaps (10).

Smoking.

The effect of smoking on random flap necrosis correlates with the amount the
patient smokes (13). Smokers using more than one pack per day experience random
flap necrosis at three times the rate of lower-level and nonsmokers. Lower-level, for-
mer, and nonsmokers have similar risk profiles. If the patient can discontinue smok-
ing 48 h prior to and 7 days after surgery, flap survival is greatly improved (13). Two
mechanisms are involved in smoking-related random flap necrosis: vasoconstriction
by nicotine and tissue hypoxia due to carbon monoxide competing with oxygen for
hemoglobin-binding sites (14).

Despite fixed length-to-width ratio rules for random flaps, widening of the
pedicle will not always improve vascularity in the distal parts of the flap. However,
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a thicker flap may improve distal vascularity by including deeper plexuses containing
larger-caliber vessels (15).

Therapeutic Interventions for Random Pattern Skin Flaps

Therapeutic interventions directed towards improving the nutrient blood flow and
reducing random flap necrosis include the following:

Direct vasodilators (e.g., histamine): several vasodilators have been studied
that show sporadic benefit in flap survival including phenethylamines
(alpha and beta- adrenergic receptor antagonists) (16), calcium channel
blockers (17), and topical nitroglycerin (18).

Adrenergic bockade: several vasodilating agents may have a beneficial effect on
flap survival including isoflurane, which is a sympatholytic vasodilator
(Compared with nitrous oxide, which is a vasoconstrictor) (19).

Growth factors: topical endothelial cell growth factor improved random flap
survival in rabbits (20).

Rheological agents: pentoxifylline (increases red blood cell deformability
and decreases platelet aggregability) improves random skin flap
survival in pigs (21). Agents that lower blood viscosity have mixed results
(22).

Hyperbaric oxygen administered within 48 h before or 4 h after surgery is
beneficial to random flap survival in rats (23).

Decreasing temperature is aimed at reducing the metabolic demands of tissue,
effectively increasing the ischemic tolerance of free tissue transplants.
However, an improvement in survival of pedicled flap tissue is not seen
(24).

Tissue expansion: blood flow and survival in expanded tissue that has
undergone even an accelerated, brief expansion over a period of 5 days,
were found to be greater than in flaps overlying a noninflated expander in
a porcine model (25), similar to the enhanced survival seen after delaying
a flap.

Flap delay: a compromised flap recognized during the primary surgery should
be replaced in its bed and delayed for at least 1 week.

Axial Flap Pathophysiology

The best-studied axial flap is the pectoralis musculocutaneous flap. The factors asso-
ciated with necrosis of this flap help to illustrate the potential problems with all axial
flaps used for head and neck reconstruction. However, unique problems attend some
flaps such as the latissimus dorsi (seroma at the donor site, pedicle kinking), and
lower island trapezius (flap loss due to previous neck dissection). For a full discus-
sion of the unique disadvantages of the axial flaps, refer to Chapter 8.

The pectoralis flap undergoes complete necrosis in 2–3% of cases (26,27).
Marginal distal necrosis occurs in 20–30% of cases, more often in smokers,
patients with a higher tumor stage, musculocutaneous flaps (compared with muscle
alone), and in patients with poor nutrition (as measured by serum albumin levels)
(26). In addition, Mehta et al. (27) found that female gender, prior chemotherapy,
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and the presence of diabetes were significant factors in flap loss. However, Kroll
et al. did not find that gender affected flap outcome (26). Patients with a higher
tumor stage required larger flaps, thus increasing the potential for distal necrosis.
Muscle-alone flaps experienced less necrosis, illustrating the point that the skin’s vas-
cular supply (by indirect musculocutaneous perforators) may be somewhat tenuous.

Free Flap Pathophysiology

The immediate pathophysiological cause in the majority of free flap failures is lack of
nutrient blood flow secondary to anastomotic problems. Venous occlusion, either
directly from anastomotic thrombus or vessel kinking, is the most common cause.
The maximum tolerable arterial ischemia time for a skin flap is approximately 8 h
(6). However, tissue tolerance to venous occlusion is less than 4 h (28). Flap survival
is usually an all-or-none phenomenon because these composite tissues predomi-
nantly encompass a single angiosome (see section on flap delay below) (29). How-
ever, vascular salvage efforts may result in a partially viable flap with only partial
necrosis (30).

The International Microvascular Research Group (31) participated in a pro-
spective survey of microvascular free flap practices and found only two factors asso-
ciated with flap loss: reconstruction of an irradiated site and use of a skin grafted
muscle. The overall flap loss rate was 4.1%. The elapsed time from irradiation to free
flap reconstruction correlates with the degree of risk to the free flap (32). The use of
skin-grafted muscle interferes with postoperative monitoring, resulting in the lack of
early detection of perfusion abnormalities.

The International Research Group also found that venous thrombosis is the
most common underlying pathophysiology of flap loss. Although the study did
not correlate chronic wounds or the use of vein grafts with higher flap-loss rates,
these two conditions were correlated with increased rates of thrombosis. Lower rates
of thrombosis are found with certain flaps (especially the rectus abdominis free flap)
and when subcutaneous heparin is used postoperatively. The salvage rate of compro-
mised flaps is approximately 70% (32,33).

Factors found not be related to free flap loss include: tobacco use, recipient site
(head and neck vs. extremities), indications for surgery (trauma vs. cancer), use in
diabetic patients, age of the patient, type of anastomosis (end-to-side vs. end-to-
end or running suture vs. interrupted sutures), use of heparin in the vessel irrigating
solution, and a wide spectrum of postoperative antithrombotic therapies (dextran or
systemic heparin).

Special Topics in Therapeutic Flap Management

Postoperative Monitoring of Microvascular Free Flaps

Monitoring vascular patency and flap perfusion is an essential component of the
postoperative care of patients undergoing free tissue transfer. Postoperative com-
promise of arterial inflow or venous outflow results in the lack of nutrient blood
flow to flap tissue and inevitable flap loss without therapeutic intervention.
Approximately 10% of flaps will have a detectable perfusion abnormality in the
immediate postoperative period. Most of these flaps are salvageable; however,

Flap Survival/Tissue Augmentation 157



an effective postoperative monitoring method is essential if salvage interventions
are to be initiated in a timely fashion. There are no currently available monitoring
techniques that can provide flawless objective and continuous flap evaluations in
the postoperative period. An international review of practices in microvascular sur-
gery (1991) reported that postoperative monitoring of tissue viability was per-
formed, at least in part, by clinical methods in 75% of respondents (34). In
addition to direct observation of tissue, clinical observation involves the use of
exteriorized monitoring segments when the useful portion of the flap is buried.
Exteriorized segments brought to the skin surface allow for monitoring and should
ideally reflect perfusion abnormalities in the main flap (Fig. 3). The cutaneous por-
tion of the free flap is monitored by observing the capillary refill: a pale flap with
no capillary refill indicates a problem with inflow or arterial thrombosis; skin with
a blue hue and very rapid refill indicates a problem with outflow, usually venous
kinking or thrombosis. The presence of bright red blood on pinprick is a sign of a
healthy flap; no blood may indicate an inflow problem and dark blood may indi-
cate an outflow problem. Timing of these evaluations varies; however, a commonly
used protocol is every hour for the first 24 h postoperatively; every 2 h for the next
24–48 h; and every 3 h thereafter until postoperative day 5.

Figure 3 An example of an exteriorized monitor segment. Depicted on the left is a partially

tubed lateral thigh free flap. Once the tubing is complete and the neck flaps replaced, the flap
will be buried and unavailable for monitoring effectively. A subcutaneous-based skin paddle
was created at the time of flap harvest and brought out to be incorporated into the neck

incision (right). This allows effective monitoring of the main flap, since the health of this
exteriorized monitoring segment reflects the health of the buried flap. The four-pointed star
marks the nasogastric tube, five-pointed star marks the interior of the neopharynx and main

flap, and the arrow indicates the exteriorized marking segment. (Photos courtesy of John
Gooey, M.D.)
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The most reliable method of monitoring skin circulation is through the use of
radioactive microspheres; obviously, this method is limited to the laboratory.
Although clinical observation is the most common method of monitoring the health
of free flaps postoperatively, several other methods are available and relied upon in
some institutions.

Laser Doppler Flowmetry

The laser Doppler apparatus consists of a probe that is surface-mounted to the cuta-
neous portion of a free flap.The probe is connected to a portable monitor displaying
continuous variations in flow. The laser Doppler measures the frequency shift of
light rather than the sound waves used in standard ultrasound Doppler. The
reflected light has very limited penetration and surface measurements only capture
the movement of red blood cells in the cutaneous microcirculation. It is unable to
differentiate between venous and arterial flow. Significant perfusion abnormalities
leading to flap compromise can go undetected using this system (35). However, it
is probably the most accurate of the commonly used systems for monitoring. The
accuracy of this method may be improved if the Doppler flowmeter is linked to a
computerized data acquisition system (36) that can process and detect more subtle
signal abnormalities.

Thermocouple Probe

The thermocouple probe is based on the physical finding that when two different
metals are in contact, a change in temperature causes proportional changes in the
rate of electron transport. Placement of probes distal and proximal to an anastomo-
sis allows differential temperature measurements. Clot or static blood cool is cooler
and causes a difference in the readings of the probes, indicating a perfusion problem.
This technique is invasive and is prone to errors in probe placement as well as to
iatrogenic vascular trauma.

Temperature Probe

The temperature probe is placed on the skin to provide continuous measurement of
skin temperature. Due to the poor correlation of blood flow to surface temperature,
this method is unreliable.

Pulse Oximetry

Pulse oximetry is commonly used for continuously monitoring digital pulse and oxy-
gen saturation by measuring the difference between wavelengths of light absorbed by
reduced and oxygenated hemoglobin. It has been used successfully for digit replants
by monitoring differences between the replanted digit and a normal digit.

Fluorescein Dye

Fluorescein dye is administered systemically and is detectable in nonpigmented skin
in 20min by Wood’s lamp. The fluorescein is deposited in the extracellular space and
is cleared slowly, requiring several hours between observations. It may be useful for
determining the initial viability of flaps, including pedicled flaps (37). More frequent
observations are possible using a quantitative fluorometer probe that allows detec-
tion of smaller amounts of dye (38).
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Doppler Ultrasonography

Doppler ultrasound converts sound waves reflected by a moving column of blood
into an audible signal or wave form. The probe can be placed directly on the vessel
or used on the skin surface. Different output is obtained for arterial vs. venous flow.
When used on the skin surface, the probe may detect a vessel in the vicinity of the
vessel in question, resulting in false-positive readings. This may be circumvented
by placing the probe on an area of skin overlying the vascular pedicle that is well
away from other vascular structures (e.g., in the midline of the neck). Venous flow
problems may go undetected for several hours because of the persistence of arterial
pulsations in the flap pedicle. Implantable probes are sutured to the vessel adventia
and are prone to malalignment and iatrogenic injury to the vessel wall.

Leech Therapy

Leeches are hermaphroditic ectoparasites of the class Hirudinea. There are several
species of leech, but the most commonly used medicinal leech is Hirudo medicinalis.
Leech therapy is indicated for relief of venous congestion in a failing flap. Improved
tissue blood flow in leech-treated venous compromised flaps has been demonstrated
(39). Leech therapy has also been used to treat a variety of other conditions including
soft tissue swelling, periorbital hematoma, cauliflower ears, ecchymoses, and pur-
pura fulminans (40). Leech therapy should be reserved for cases that are not amen-
able to surgical correction. The leeches are applied to the skin surface of the flap and

Figure 4 Leeches applied to pedicled latissimus dorsi flap to relieve venous stasis.
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allowed to feed until they fall off (15–120min) (Fig. 4). The wound continues to ooze
due to the action of several substances present in the leech saliva including hirudin,
vasodilators, and hyaluronidase. Hirudin is the most potent natural inhibitor of
thrombin known (41). The leech can ingest up to 8–10ml blood, and the wound
can continue to ooze another 50ml blood from the bite site. Leech therapy is successful
in 70–80% of cases (40).

The leech has a large posterior sucker for attachment and crawling and a smal-
ler anterior sucker (the head) for feeding. The posterior end is sometimes mistaken
for the head because it also leaves a bite mark. Placing a drop of blood at the desired
site of attachment can facilitate application of the leech. Migration can occur so the
leech must be closely supervised and the site should be encircled with surgical towels.

Complications associated with leech therapy include wound infection and
bleeding requiring blood transfusion. Wound infection is most commonly caused
by Aeromonas hydrophila, a facultative gram-negative rod that is part of the normal
flora in the leech gut. Prophylactic antibiotics should be administered to cover this
organism: Aeromonas hydrophila is sensitive to third-generation cephalosporins,
ciprofloxacin, aminoglycosides, sulfa drugs, and tetracycline (41) (ceftriaxone is
commonly used). The success of leech therapy drops to less than 30% in the presence
of a clinically significant infection (40). Immunosuppression or arterial in
sufficiency in the flap predisposes the patient to infection and are contraindications
to leech therapy.

FLAP AND TISSUE AUGMENTATION

Flap Delay

Skin flap delay is a technique to increase the vascular territory of a flap prior to its
definitive transfer to a recipient site. The surviving length of a flap can be increased
by at least 100%. Surgical flap delay involves incising the flap margins, extensive flap
undermining at the donor site, or ligation of distal source vessels along the long axis
of the flap. Pharmacological flap delay involves the use of medications to increase
the vascular territory of a flap without surgical intervention. Surgical flap delay is
the most effective method to augment flap circulation.

The principle behind surgical skin flap delay is interruption of the neurovascu-
lar supply to the distal parts of a flap prior to definitive flap transfer. After a delay of
up to 3 weeks, the flap is harvested and transferred to the recipient site. The techni-
que is dependent upon the underlying vascular anatomy at the donor site. In areas of
mobile skin such as the scalp and forehead, the neurovascular structures tend to
course longitudinally in the subcutaneous plexus and can be interrupted by simply
incising three sides of the flap without undermining (the flap edges are then resutured
during the delay period). Limited undermining (below the subdermal plexus) may be
necessary to interrupt the blood supply if the distal part of the flap is supplied by
perforating vessels. The extent of safe undermining can be determined clinically by
verifying that the capillary refill is as rapid in the undermined skin as that in the adja-
cent unoperated skin. A variety of incisions and extent of undermining is described
in the older plastic surgery literature (42).

The delay phenomenon describes the physiological events that result in clinical
flap delay. The events are poorly understood and are frequently debated in the
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literature. There are several hypotheses regarding the mechanisms underlying the
delay phenomenon including Reinisch’s denervation supersensitivity-arteriovenous
[AV] shunt mechanism (10), adrenergic spasm, and vascular collateral development.
Reinisch’s theory states that the sympathectomy created by surgical delay results in
denervation supersensitivity that shuts down AV shunts, thus increasing nutrient
blood flow to the distal parts of a flap. The adrenergic spasm hypothesis states that
once the sympathetics are cut, the release of norepinephrine and subsequent vaso-
constriction are significantly reduced during definitive flap transfer, resulting in
improved flap survival (43). The development of vascular collaterals within the flap
itself probably best accounts for the physiological events associated with flap delay.
The angiosome concept helps to define the events during flap delay based on the
dilation of vascular collaterals, especially at the choke vessel zone (44).

In nondelayed flaps, a source vessel can support the survival of its own vascu-
lar territory (angiosome) and an adjacent vascular territory or angiosome. The line
of necrosis in nondelayed flaps generally corresponds to the choke vessel zone
between the adjacent angiosome and the next angiosome along the axis of the flap.
Delaying the flap interrupts the adjacent angiosome’s neurovascular supply, result-
ing in dilation of the surrounding arterial choke vessels and increased capillary blood
flow. In theory this allows easy through-flow for enhanced vascularity of the distal
angiosome. This theory is supported by the histological findings of arterial vascular
dilation and decreased vessel thickness, especially at the choke vessel zone, between
48 and 72 h after flap delay, not accompanied by vascular ingrowth or neovascular-
ization (44). Venous valves direct blood flow in adjacent angiosomes away from the
primary angiosome. The caliber of these vessels increases with flap delay; they
become regurgitant and are bypassed by venous collateral vessels. The indications
for surgical flap delay include the following:

To extend the expected survival of a flap by progressive division of source
vessels along its vascular axis (a flap can be delayed several angiosomes
beyond the source artery by progressive division of source vessels staged
at time intervals of at least 5 days) (44)

To define the survival length of an uncertain flap
To improve the circulation of an established flap

Tissue Expansion

In 1957 Neumann was the first to find a practical clinical application for prolonged
tissue expansion by using a subcutaneously placed balloon for auricular reconstruc-
tion (45). In the 1970s, Radovan (46) and Austed (47) independently studied the
principles behind tissue expansion, including the histological changes of expanded
skin. The indications for tissue expansion include inadequate adjacent tissue for pri-
mary closure, inadequate tissue for repair with a local flap, and for repair of defects
that are amenable to repair by a standard flap but only with significant donor or
recipient site deformity (48). Disadvantages include the need for at least two separate
procedures, that expansion takes several weeks, the expansion creates a significant
temporary cosmetic deformity, and the procedure is limited primarily to elective
reconstructive procedures.

162 Dolan



Prolonged tissue expansion should be differentiated from rapid intraoperative
tissue expansion. The latter is a technique introduced by Sasaki in 1987 to gain tissue
volume rapidly intraoperatively by acutely expanding the tissue (49). Up to 3 cm
tissue can be gained using this technique; less can be gained in areas of thick skin
including the scalp, nasal tip, and back (49).

Expander Shape

The three most common shapes of expanders are round, rectangular, and crescent.
The shape of the expander should match the shape of the region to be expanded
and not the shape of the defect. The most effective surface area gain is with a rectan-
gular expander: approximately 40% of the calculated surface increase of the expan-
der is actually gained in tissue area in vivo. Round expanders gain 25% of calculated
surface increase, and crescent expanders gain 30% of calculated surface increase.
The expander base should be approximately 2.5 times as large as the defect to be
closed for rectangular or crescent shaped expanders. For round expanders, this cor-
rection factor is true for the diameter of the expander rather than the area of the
base. Custom-fitted expanders may allow more surface area gain. It is difficult to cal-
culate the exact required size of a tissue expander since the ability of the skin to
expand varies between sites and even from patient to patient. The age of the patient
is also a factor; patients less than 2 years of age show a significantly greater response
to skin expansion (45).

Expander Types

There are three types of expanders: a self-inflating expander that is osmotically pow-
ered and expands slowly at a constant rate (this is still experimental) (50); an expander
with a distant filling valve (the most common type); and an expander with an incor-
porated filling valve on its surface. Directional expanders that expand more at one
end than the other may be useful for correction of male-pattern baldness.

Expanders with distant filling valves come in sizes ranging from 1 to 1000ml.
However, expanders may be inflated up to 15 times over the manufacturers’ stated
maximum (51). It is more important to select an implant with the correct base size
rather than volume. Overinflation leads to leaks at the dome of the injection port,
so choosing the proper size expander is important despite the ability to overinflate
(48). The filling valve should be placed in a separate subcutaneous pocket through
the main access incision away from the main expander.

Expanders with incorporated filling valves have their injection port located at
the apex of the expander, and, as in a distant filling port, contain a self-sealing mem-
brane. A 21–25 gauge needle should be used for injections. A steel plate at the base of
the filling port prevents an inadvertent deep puncture. A separate tunnel is not
needed as in the expander with a distant filling port. Available sizes range from 50
to 1000ml: miniexpanders are not available due to limits in the design of the
attached filling port. There may be some increased risk of expander exposure over
the injection port due to its stiffness.

Prolonged (Standard) Tissue Expansion

Prolonged tissue expansion is commonly used for scalp, nasal, and ear reconstruc-
tion, and for skin replacement in the forehead, cheek, and neck. Expansion of the
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forehead flap with a rectangular tissue expander (250ml) allows primary closure of
the donor site and additional tissue for near-total or total nasal reconstruction. The
expander is placed submuscularly (subgaleal) and is expanded over 8–10 weeks.
Expansion of the postauricular skin for microtia repair can be done; however, risk
of implant exposure, infection, and thickened flaps is a potential drawback to its
use. Tissue expansion for skin replacement in the forehead, cheek, and neck is valu-
able since the expanded skin is adjacent to the defect and, in most cases, is almost
identical to the missing or damaged skin (Fig. 5). Perhaps the most popular applica-
tion in the head and neck is for defects of the scalp since hair-bearing skin is required
(Fig. 6).

Expanded tissue arises from two sources: recruitment from adjacent tissue and
altered histological nature of the overlying skin. The histological skin changes result
from mechanical creep and biological creep (52). Mechanical creep refers to the abil-
ity of skin to stretch beyond its inherent extensibility through water and ground sub-
stance displacement, elastic fiber fragmentation, realignment of the collage fibers,
and adjacent tissue migration. Biological creep refers to an increase in tissue volume
through proliferation of epithelial cells, increased epidermal mitotic activity, expan-
sion of the subdermal vascular network, and increased synthesis of collagen by fibro-
blasts.

The technique of prolonged tissue expansion involves placement of the
expander adjacent to the defect through an incision at the edge of the defect or
in a hidden area such as the hairline, except if the defect is covered with a skin
graft. However, placement of access incisions at or near the junction of the defect

Figure 5 Tissue expansion for a cheek defect.
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and the adjacent skin to be expanded leads to higher rates of expander exposure
and premature removal (48). Placement is usually in the subcutaneous plane in
the face, under the platysma for neck expansion (avoiding placement over vital
vascular structures), or under the galea for scalp expansion. Placement of deep per-
manent sutures may decrease the incidence of implant exposure (48). Slight initial
expansion is helpful to eliminate dead space, but definitive (weekly) expansions
should be delayed for at least 2 weeks postoperatively. The amount of saline
injected should be gauged by changes in the overlying skin (tension or pallor).
The overlying skin should retain capillary refill after expansion. An interval capsu-
lotomy is occasionally necessary if expansion is arrested prematurely due to an
overly dense capsule. The expander may leak slightly after placement, however,
expansion should proceed if possible.

Histological Changes

The epidermis is the only skin layer to thicken during the expansion process; how-
ever, it eventually normalizes in the postexpansion period. Also noted are flattening
of the rete pegs and increases in mitotic activity lasting up to 3 months. The dermis
undergoes permanent thinning, increased collagen synthesis, realignment of collagen
fibers to a more parallel orientation, and a temporary increase in melanin production
that causes hyperpigmentation. Hair follicles and sebaceous glands move farther
apart without increasing in number. Subcutaneous fat undergoes a decrease in the
number of fat cells and a decrease in the size of the remaining cells with some asso-
ciated fat necrosis. This layer may fully recover after several months (53). Skeletal
muscle undergoes the following (54): muscle cells increase in the number of mito-
chondria, fibers thin and become atrophic with some necrosis, and hyalinization
and calcifications develop. There is no change in the number of muscle cells after
expansion. Blood vessels undergo dramatic proliferation, as well as arterial and
venous elongation with no loss of diameter. The vascular supply to the overlying
skin is enhanced. Nervous tissue tolerates expansion without significant demyliniza-
tion, dysfunction, or necrosis (55).

A double-layered capsule forms by 1 week. The inner layer consists of macro-
phages and the outer layer is composed primarily of fibroblasts that are active in col-
lage production. It reaches its maximum thickness at 8–10 weeks and is richly
vascularized. Although this capsule is often included with the overlying skin after
removal of the expander, its preservation does not add to the survival benefit of

Figure 6 A typical round tissue expander with a remote port for scalp expansion.
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expanded skin (i.e., capsulectomy has no detrimental effect on skin flap viability, but
may serve to thin the flap if required) (56).

Rapid Intraoperative Tissue Expansion

Sasaki (49) originally reported the technique of rapid intraoperative tissue expansion
in 1987. The mechanisms involved include mechanical creep (described above) and
stress relaxation. Stress relaxation refers to the finding that the load required to
maintain the skin in a stretched position decreases with time. There is controversy
as to whether there is an actual gain in tissue volume or simply an apparent gain sec-
ondary to recruitment of adjacent tissue (45).

Expanders are placed adjacent to the defect by creating a subcutaneous pocket
followed by cyclic loading and unloading. To achieve the maximum amount of tissue
stretch (approximately 2–3 cm), multiple cycles (every 3min) of inflation=deflation
are necessary resulting in microfragmentation of the elastin fibers. The amount of
skin stretching depends on the area being stretched: areas with thick skin including
the scalp, nasal tip, and back are less amenable to expansion.

Contraindications

The contraindications to prolonged tissue expansion include the following:

Prior irradiation, which increases the risk of expander exposure but it is not an
absolute contraindication if the expander is used with caution (45)

Patients with major psychiatric disorders
Patients who have demonstrated noncompliance with prior therapies

Complications

Complications are most common in the head and neck and lowest for breast expan-
sion. Within the head and neck, the scalp is the area associated with the lowest com-
plication rate. Complications, most commonly implant exposure, occur in less than
10–30% of patients (57). The most common complications include the following:

Implant or filling port exposure. This more often occurs early in the course of
expansion prior to the formation of a dense vascular capsule. Deflating
the expander temporarily may help. An exposed filling valve may be well
tolerated with no intervention.

Implant infection. The expander should be removed if this occurs immediately
after placement. However, if it occurs after partial expansion, partially
deflate expander, administer antibiotics, and observe. Only remove if this
regimen does not result in resolution.

Implant leakage. Some leakage is tolerable and expansion should proceed;
excess leakage may require premature implant removal.

Overlying skin ischemia. Capillary refill should be present after inflation.
Usually the patient will complain of pain and the expander should simply
be partially deflated.

Hematoma. Immediate postoperative expansion to eliminate dead space and
active wound drains will help prevent seroma and hematoma formation.
Light compressive dressings are applied if these measures fail.

Bone absorption underlying scalp and forehead expanders. Thinning of the
outer table may be seen. Full-thickness erosion is extremely rare and
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usually occurs with expanders over 400ml in the presence of infection
and an abnormally extended expansion time (48).

Complications using tissue expansion in a pediatric population are more com-
mon in patients less than 7 years of age, those with internal expander ports (vs. a
remote filling port), and in patients with a history of two or more prior expansions
(58). The most common indications for pediatric prolonged tissue expansion are for
the treatment of congenital nevi, burns, and soft tissue losses (58). Friedman et al.
(58), in a study of tissue expansion in children from 8 months to 15 years of age,
found that the major complication rate (resulting in failure of tissue expansion)
was 9% and the minor complication rate was also 9%. The major complications
include implant exposure, deflation, and wound dehiscence.

Distraction Osteogenesis

Distraction osteogenesis is a process that results in the creation of new bone in an
enlarging gap between two bone fragments caused by their gradual separation
(59). Originally described by Codivilla (1904) for lengthening lower extremity bones,
the process gained wider acceptance after Gavril Ilizarov, a Russian surgeon, studied
the mechanics and physiology of limb lengthening in 1954. Dr. Ilizarov continued his
work and has contributed much of the current clinical knowledge of the method and
biology of distraction osteogenesis (60–62).

Three methods of distraction osteogenesis are described: monofocal, bifocal,
and trifocal. Monofocal distraction is the separation of two fragments of bone with
one focus of new bone formation between the fragments (e.g., limb lengthening).
Bifocal distraction is the movement of a single bone fragment or what is termed a
transport disk, cut from the remaining bone stump, across a gap to unite with the
opposite native bone (Fig. 7). Trifocal distraction is the movement of two apposing
disks across a gap (e.g., advancing osteotomized mandibular body segments for sym-
physeal reconstruction. (63).

The method of distraction osteogenesis for maxillofacial application is extra-
polated largely from the experiences with long bone distraction. First, division of
the bone cortex (corticotomy) is required, preserving the medullary blood supply
(e.g., inferior alveolar artery) and the periosteum. A latent period of up to 15 days
(shorter for younger patients) is required for adequate callus formation and regen-
eration of central vessels and periosteal tissue. The external distraction device is
connected to the underlying bones percutaneously via pins attached to a threaded
bar for manual separation. Internalization of the distraction device to avoid
cutaneous scarring has recently been studied (64). New bone formation occurs in
the distracted mandible by intramembranous ossification. Distraction results in
new bone formation induced by the combination of stretching and compressive
forces by functional activity, referred to by Ilizarov as the tension-stress effect.
The surrounding soft tissue envelope is concurrently expanded. The ideal rate of
distraction was determined by Ilizarov in canines to be 1mm=day in 0.25mm incre-
ments. A slower rate of distraction resulted in premature union, and a faster rate
resulted in delayed or nonunions. Osteogenic activity at the callous is greatest with
continuous distraction; however, distracting in 0.25mm increments results in satis-
factory new bone formation.
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Indications for distraction osteogenesis in the maxillofacial region include
treatment of the following:

Transverse maxillary deficiency (65) and congenital mandibular hypoplasia
(e.g., hemifacial microsomia) (66)

Treacher Collins syndrome for tracheotomy decannulation (67)
Mandibular defects from tumor resection or trauma
Sagittal maxillary deficiency secondary to cleft palate
Craniosynostoses (59)

Potential complications using distraction in the facial region include premature
union, nonunion, elongated cutaneous scars, and patient intolerance of the device.
Even very minor movement, other than the controlled daily distractions, can lead
to fibrous nonunion or cartilage formation. Although the effects of radiation on dis-
traction require further study, Gantous et al. successfully distracted irradiated canine
mandibles (68). Neurosensory disturbances in the cheek (infraorbital nerve) after
maxillary distraction or in the chin (inferior alveolar nerve) after mandibular distrac-
tion can occur early in distraction, but resolve over time (69).
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Flap Classification and Local Facial Flaps

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

FLAP CLASSIFICATION AND VASCULARITY

Flap classification is based on an evolving paradigm as new uses and new flaps are
discovered. The earliest report of a facial flap (the midline forehead flap) is found in
the Sushruta Samhita, a Hindu holy book, in 600 bce (1). Flap development was lar-
gely ignored or relegated to the unholy in the period between the emergence of
Buddhism in India to the 16th century (2). In the 1500s, Tagliacozzi perfected the
arm-pedicled technique of nasal reconstruction that became known as the Italian
method. The Hindu method was introduced to English speaking society by ‘‘B.L.’’
in a letter to the Gentleman’s Magazine in London in 1794 (3). This spawned a
new era and signaled the rebirth of reconstructive surgery (4).

Flaps for facial reconstruction can be classified into three general categories:
local, regional, and distant (free). A local flap is adjacent to the defect, a regional
flap is remote (off the face) from the defect, and a distant flap is a flap whose pedicle
is completely detached for transfer as a free flap or (rarely) what is termed a walking
flap. Further subclassification is based on the nature of the arterial supply to the
flap, and, in the case of local facial flaps, the type of tissue movement (e.g., interpo-
lation or advancement). The type of arterial supply varies according to the config-
uration of the deep-fascia–skin vascular network.

Manchot (1889) (5) introduced the concept that cutaneous arteries have defi-
nite vascular territories. Segmental arteries penetrate muscle (musculocutaneous
perforators) or bypass the muscular tissue via intermuscular septa [septo=
fasciocutaneous perforators (Fig. 1)] and arborize extensively in several distinct cuta-
neous and subcutaneous plexuses. The plexuses represent the major blood supply to
the skin and form in several distinct planes comprising the subfascial, prefascial, sub-
cutaneous, subdermal, dermal, and subepidermal plexuses (Fig. 2). The subepider-
mal plexus serves primarily a nutritive role while the dermal plexus serves a
thermoregulatory role. The subdermal plexus is the primary blood supply to the skin
and is responsible for the bleeding noted clinically at a flap or laceration’s edge (6).
The subcutaneous plexus is better developed on the torso and enhanced flap survival
may be achieved when this plexus is included in the flap design (e.g., the deltopec-
toral flap). The orientation of these vascular territories in the subcutaneous and deep
fascial planes form the basis of many of the subsequent so-called axial flaps
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described in the latter half of the 20th century. McGregor et al. (1973) further
defined the terms axial and random in their analysis of the system of arteries in
the deltopectoral and groin flaps (7). An axial pattern flap is a single-pedicled flap
that has an anatomically recognized arteriovenous system running along its long
axis; a random pattern flap lacks any significant bias in its vascular pattern. Flaps
with an axial pattern, with or without inclusion of the deep fascial plexus, can have
significantly greater length-to-width ratios than a random pattern flap.

Figure 1 Lateral skin island reflected anteriorly during harvest of a fibular free flap. Note

the septocutaneous perforators (arrows).

Figure 2 The cutaneous vascular plexuses.
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The deep fascial plexus is a newly recognized important component of blood
supply to the skin in areas of the body where this fascial network is well developed.
This plexus tends to be well developed in the extremities and around the shoulders.
Fasciocutaneous flaps from these areas depend upon the axial vascular network
coursing within the deep fascial plexus for survival (e.g., the parascapular flap).
The source arteries reach the deep fascial plexus via septocutaneous segmental
arteries and an axial vascular network is then formed at the deep fascial level. There
are two components to the deep fascial plexus: the subfascial plexus and the prefas-
cial plexus. The axial vascular network is mainly concentrated in the prefascial
plexus.

A random pattern skin flap may include tissue from the subdermis through the
deep fascia. Random skin flaps are the first to be described in detail in the 20th cen-
tury along with the ‘‘rule of ratios’’ that dictates safe length-to-width ratios based on
clinical observations of survival. The ratios range from less than 1:1 for extremity
skin flaps to up to 5:1 for flaps on the face. The extended ratios for many facial flaps
may actually be an indication of their axial subcutaneous vascular patterns from
terminal musculocutaneous vessels (e.g., nasolabial flap) and may be more properly
classified as axial skin flaps.

LOCAL FLAPS OVERVIEW

It is helpful to subclassify local flaps based on the type of tissue movement
involved in transferring the flap from the donor site to the recipient site (8).
The two basic classes of flaps are sliding and lifting. Sliding flaps move tissue
by direct advancement, leaving a donor defect adjacent to the newly covered reci-
pient site that is of unequal length and is closed primarily. Included in this class
are the subcutaneous pedicle=advancement flaps (cheek, V–Y, island pedicled,
O–T=A–T plasty); and rotation flaps (dorsal nasal). Lifting flaps cross normal
issue to reach the recipient site and include transposition flaps (bilobe and rhom-
bic flaps); and interpolation flaps (melolabial, midline forehead). A transposition
flap is adjacent to the defect and transfers tissue in one stage. An interpolation
flap is remote from the defect and transfers tissue in two stages: the second stage
is for sectioning of the pedicle after an appropriate period of time (usually
2–3 weeks).

There are several local cutaneous flaps described for limited defects on the face.
It is helpful to consider the following in preoperative planning:

1. The desires of the patient: Does the patient value cosmesis over the
expediency of a skin graft or healing by secondary intention?

2. Medical comorbidities: Is there a history of radiation therapy, tobacco use,
or insulin-dependent diabetes mellitus? All these factors increase the
likelihood of ischemic flap loss.

3. Is a skin graft capable of obtaining similar or better results than tissue
transposition or advancement? In general, concave areas such as the medial
canthal areas and nasal sidewall subunits do very well with full-thickness
skin grafts.

4. Is primary closure possible without undue tension or disfigurement?
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BASIC LOCAL FLAPS

Some local flaps involve fundamental soft tissue movement and can be considered for
general use depending upon the surrounding characteristics of the skin. After skin
grafting, these basic local flaps should be considered before more complicated or
staged procedures. The basic local flaps include the single=bilateral pedicle advance-
ment (U-plasty=H-plasty), island subcutaneous V–Y advancement, O–T=A–T plasty,
rotation, banner, bilobe, and rhombic. If a basic local flap is planned, there is a step-
by-step method described by Calhoun et al. (9) to aid in the conceptualization of the
process of flap selection. First, the characteristics of the defect are noted including its
size, shape, and location. Good and bad lender units adjacent to the defect are out-
lined. Good lender units supply adjacent tissues with little distortion or tension of
surrounding structures that are distortable such as the eye or lip. Second, the char-
acteristics of each available flap must be considered, including:

1. The amount of skin undermining required for tissue movement expressed
in diameters of the defect size: if a defect is 2 cm in diameter, an A–T plasty
requires two times the defects diameter (2D or 4 cm) of adjacent tissue
undermining for adequate advancement. Diameter ratios are listed for the
flaps discussed by Calhoun including the rhomboid, bilobed, subcuta-
neously pedicled, V–Y, and A–T plasty.

2. The arc (in degrees, 90–360) of territory required for skin undermining: the
diameters of skin undermining and the arc describe the surface area and
direction of dissection required for each flap.

3. The vector of maximum tension after flap inset: this is important in
determining if structures in line with the tension vector may be distorted.

4. Final scar orientation with respect to the resting skin tension lines
(RSTLs): although most of these flaps have multidirectional scars that
inevitably cross the RSTLs.

The vector of maximum tension runs perpendicular to a radial line bisecting
the arc (Fig. 3). The flap should be oriented around a defect so as to place its tension
vector away from distortable structures such as the lower eyelid and lip vermilion.
If this is not possible, another flap should be considered. Finally, the orientation

Figure 3 The vector of maximum tension runs perpendicular to a radial line bisecting

the arc.
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of the scars should be with the RSTLs as much as possible. However, most of the
flaps require incisions that will be unfavorable to the RSTLs. Some flaps do have
a more linear orientation, including the subcutaneous pedicled and V–Y flaps, and
these should be oriented with the RSTLs.

Single=bilateral-Pedicle Advancement (U-plasty=H-plasty)

Description

Single and bilateral pedicle advancement flaps are sliding random pattern flaps that
involve advancing skin toward the defect from either one side (single pedicle or U
plasty) or opposite sides (bilateral pedicle or H plasty) (Fig. 4). The shape of the flap
is rectangular, taking advantage of the extensibility of the skin after wide undermin-
ing. These flaps are designed to include the subdermal plexus and the safe length to
width ratio is 3:1; however, if the base is situated over a named artery this ratio can
be increased. Burow’s triangles usually must be excised lateral to the base of the flap
to eliminate dog-ears.

Indications

The forehead is an ideal site for using this flap, making use of the horizontally
oriented RSTLs. The arc is 90 degrees and the diameter 2D.

Advantages

The primary advantage of this flap is that it will fill smaller defects expeditiously,
especially those on the forehead where the RSTLs are ideal for this type of tissue
movement.

Disadvantages

There may be a tendency to overstretch the flap to accommodate larger defects, put-
ting the crucial distal part of the flap in danger of ischemic necrosis; bilateral
advancements help to overcome this limitation. Another disadvantage is the consid-
erable additional incisions necessary to harvest the flap.

Island Subcutaneous V–Y Advancement

Description

The concept of the subcutaneous island advancement flap was first described by
Esser in 1917 (10). This is a random-pattern sliding skin flap freed from its cutaneous

Figure 4 H plasty.
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connections and advanced into a defect based only on the underlying subcutaneous
tissue (Fig. 5). The degree of advancement possible is proportional to the amount
and laxity of the underlying subcutaneous tissue. The donor defect is then closed pri-
marily, resulting in a Y-shaped scar. The flap is triangular and should be as wide as
the defect, but 1.5–2 times longer (11) (Fig. 6).

Indications

This flap is useful when the subcutaneous tissues in line with the defect are plentiful
and lax. Cheek defects along the melolabial fold, especially adjacent to the ala are
ideal. It may also be used to lengthen structures such as a shortened columella, or
to release contracted scars that may be distorting surrounding structures such as
the eyelid or vermilion. Additional indications include upper lip defects using bilat-
eral V–Y plasties, or a single vertically oriented V–Y transposition for lower eyelid
defects. The arc is 90 degrees and the diameter 1.5D.

Advantages

For flaps along the melolabial sulcus and lips, the topographical unit borders can
camouflage the incisions. Very little tension results, due to the pushing effect on
the island of skin from primary closure of the donor site. Skin color and texture
match are excellent.

Disadvantages

Adequate subcutaneous tissue must be present to maintain flap vascularity. There-
fore in areas with little subcutaneous tissue the flap is either unreliable or of very lim-
ited mobility (e.g., nasal tip). Since this flap is based on a vertically oriented blood
supply, its application to scalp defects is limited due to the horizontally oriented
blood supply in the galea aponeurosis.

O–T=A–T plasty

Description

The T-plasty consists of bilateral random-pattern sliding skin advancements trans-
forming an O-shaped defect (O–T plasty) or an A-shaped defect (A–T plasty) into
a final T-shaped scar. A circular defect is converted to an A shape by excising a
superior wedge of tissue creating a partial ellipse with a blunt base. The base is closed

Figure 5 V–Y advancement flap.
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through bilateral tissue advancement with lateral tissue wedges (Burow’s triangles) to
avoid tissue bunching and dog-ears. An O–T plasty is similar except instead of excis-
ing the superior wedge, a tissue-sparing M-plasty is created at the superior margin.

Indications

The A–T plasty is indicated when the final scar base can be placed along a topogra-
phical unit border: around the lip or forehead adjacent to the eyebrow where the

Figure 6 Sequence of a typical nasolabial V–Y advancement flap.
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cross can be placed at the vermilion border or superior eyebrow margin. Another
common indication is for defects in the temporal area, where the cross on the T
can be placed along the hairline and the forehead and cheek areas can be widely
undermined to allow tissue movement. The arc is 180 degrees and the diameter 2D.

Advantages

Using a T-plasty instead of converting the defect into an ellipse saves tissue and can
avoid crossing a topographical unit border.

Disadvantages

As in all advancement flaps, incision placement should be with the RSTLs, respect-
ing the topographical unit border. Since this flap results in scars at right angles, it is
limited to areas in which the scars can be camouflaged, usually bordering a topo-
graphic subunit that can accommodate the cross of the T.

Rotation

Description

Rotation flaps are random-pattern sliding pivotal flaps with a curvilinear design.
The flap sweeps into a triangular defect, pivoting at the base of the defect like the
hand of a clock. The apex of the triangle is directed toward the base of the flap. After
rotation of the skin into the defect, a dog-ear at the base of the flap may be created
and can be excised with a Burow’s triangle. The length of the curvilinear incision for
the flap should be approximately four times the length of the defect (12) to minimize
wound closure tension.

Indications

Rotation flaps are well-suited for closure of triangular-shaped defects with one side of
the triangle representing the advancing edge of the flap. Extensive areas of the face
including the cheek and neck are amenable to rotation flap closure (Fig 7). This is
often the method of choice for closure of scalp defects; however, longer flaps are often
required because the skin of the scalp is less distensible. More limited defects of the
chin may also be closed using this flap. It may be difficult to camouflage a curvilinear
incision in the forehead, so rotation flaps have a limited role in this area. The glabellar
area is an exception and smaller tissue rotations are acceptable. Because of the large
incision, rotation flaps have a very limited role in nasal reconstruction. The arc is 90
degrees and the diameter 3D, depending on the length of the curvilinear incision.

Advantages

The flap is very reliable with a broad base and a very low length-to-width ratio. The
scars left after a rotation flap are of a simple curvilinear design and can often be
hidden at aesthetic unit borders or directed with the RSTLs. There is virtually no
limit to the size of a rotation flap: it can encompass the entire ipsilateral cheek to
close large medial cheek–upper lip defects.

Disadvantages

The defect needs to conform to a triangle with its base along the incision for the flap.
The incision is very lengthy; if it crosses an aesthetic unit border another local flap
should be considered.
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Banner

Description

Originally named a banner flap because of its triangular shape (13), this flap is a simple
transpositionof adjacent tissue in the formof anunequalZ-plasty (Fig. 8). The flap is ran-
dom-pattern and subsists on the subdermal plexus. It is designed to mimic a Z-plasty by
considering the long axis through the defect as one limb and placing the remaining two
limbs at approximately 60 degree angles to allow the final scar to follow either the border
of a topographical subunit or the RSTLs. The flap is significantly longer and somewhat
narrower than the diameter of the defect to allow easy primary closure of the donor site.

Indications

The principal indications for the banner flap are defects between 1 and 1.5 cm on the
lower two-thirds of the nose.

Advantages

This is a very hardy flap with little risk of distal necrosis.

Disadvantages

Distortion of surrounding structures perpendicular to the long axis of the donor site
(e.g., alar retraction). Undue tension may be alleviated by conversion of the banner
flap to a bilobe flap.

Bilobe

Description

Originally described by Esser in 1918 for reconstruction of nasal tip defects (14), it
consists of two lifting-type random-pattern transposition flaps that pivot into posi-
tion. The first flap fills the defect and the second flap fills the donor site (Fig. 9).

Figure 7 Cervicofacial rotation cheek flap cheek. An elliptical incision is made to follow the
zygomatic arch and preauricular area (A) and widely undermined in the subcutaneous plane

(B). The flap is advanced (by rotation, C) facilitated by a back cut near the earlobe. Final
operative result shown in D.
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The release of tension by raising the second flap is analogous to that associated with a
Z-plasty. The angles between the defect and each lobe of the flap should be narrow
enough to limit the transposition arc to 90 degrees to avoid standing cutaneous
and trapdoor deformities common to Esser’s original design using an arc of 180
degrees (15). The technique begins by changing a circular defect into a teardrop
by excising a Burow’s triangle. Arcs are then created centered along the base of
the defect; the first arc crosses the outside limit of the defect and the second arc
bisects the defect. The first arc marks the height of the primary donor flap, the

Figure 8 Banner flap.

Figure 9 Bilobe flap.
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second arc marks the base of both donor flaps. The secondary donor flap is twice
the height of the first. Closure begins with the donor site of the secondary flap.

Indications

The bilobed flap is very useful for limited defects (1–1.5 cm) of the nose (Fig. 10). The
arc is 90 degress and the diameter 2.5D.

Advantages

It is the flap of choice for limited defects (1–1.5 cm) on the lower two-thirds of the
nose. The primary flap is placed with little tension and little tendency to distort sur-
rounding structures such as the alar rim or nasal tip. This flap is ideal for alar-tip
defects: the base of the flap can be positioned laterally and primary closure of the
secondary defect is accomplished through recruitment of skin lateral to the nasal
sidewall subunit.

Disadvantages

As with many of these local flaps, the curvilinear design creates scars that cross the
RSTLs.

Rhombic

Description

The nomenclature surrounding this flap is inconsistent. Flaps called rhombic=
rhomboid=rhombus all share a common origin with Limberg’s original flap
described in 1963 (16). These designations do not reflect the shape of the flap
but more literally the shape of the defect. A rhombic defect has the shape of a
rhombus (an equilateral parallelogram). Limberg’s flap is rhombic (i.e., a rhombic
flap) with opposing angles of 60 and 120 degrees that is random-pattern and

Figure 10 Bilobe flap in a patient with a circular nasal skin defect.
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lifting. A rhombic flap is similar to a transposition flap; however, unlike a trans-
position flap, the rhombic pivots and also advances toward the defect, requiring
extensive undermining of skin at the base of the flap. A rhombus-shaped defect
can be conceptualized as a typical elliptical defect with opposing 60 degree angles
that cannot be closed primarily (17). The design of a rhombic flap involves tracing
a line through the opposing 120 degree angles. Outside the rhombus, this line is
followed at a distance equal to the length of the defect, and four lines are extended
at 60 degree angles parallel to the side of the rhombus. This outlines four possible
flaps surrounding the defect (Fig. 11). The appropriate one to use will depend
upon the availability of surrounding skin, the placement of incisions, and the max-
imum tension vector (which is within 20 degrees along the line intersecting the 120
degrees angles) (18). Only two flaps are appropriate based on skin extensibility.
The final decision as to which flap to use will be based on minimizing the distor-
tion of surrounding structures. The classic Limberg flap is equal in size to the
defect; however, as the rhombus approaches the shape of a square, the transposed
flap size is reduced to 40% of the defect size (19).

A rhomboid flap is different from Limberg’s rhombic flap and is designed for
rhomboid-shaped defects (oblong parallelograms with opposite sides of equal length).
Subsequent variations of the Limberg flap are found throughout the literature (17–20).

Indications

Since much of the scar from the rhombic flap does not align with the RSTLs, it is
best used in areas that have less prominent skin creases such as the cheek: the fore-

Figure 11 Rhombic flap: four possible flaps to fill the defect.
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head and temple areas are less favorable (17) (Fig. 12). The arc is 90 degrees and the
diameters 1.5D.

Advantages

The majority of the resulting skin tension is at the base of the flap, minimizing the
danger of tissue ischemia in the distal part of the flap. It combines the benefits of
both pivoting and advancing adjacent skin, maximizing adjacent tissue movement.

Disadvantages

This flap may distort surrounding cutaneous structures because of the marked tissue
movement involved. The resulting scar is multidirectional and much of it will not fall
into good alignment with the RSTLs. This is most important in areas with promi-
nent skin lines such as the forehead.

PERINASAL LOCAL FLAPS

Dorsal nasal (Miter)

Description

The dorsal nasal flap (miter) is a sliding rotation advancement flap that recruits
tissue from the glabella and nasal dorsum to cover partial-thickness defects of

Figure 12 Potential rhombic flaps designed around a lower cheek skin defect. Flap 3 was chosen
due to considerations of adjacent structures and the ability to ‘borrow skin’ from the neck.
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the lower nose (21) (Fig. 13). This is an extension of the sliding glabellar flap
described by Gillies (22), which was designed for upper nasal defects. The incisions
for the miter flap extend into the glabella from the medial brow and descend med-
ial to the opposite brow along the lateral side of the nose, arching toward the
defect respecting the borders of the nasal subunits. Wide subcutaneous undermin-
ing over the dorsum of the nose proceeds to the base of the flap near the medial
canthus and the flap is transposed into the defect. A V–Y closure of the glabella
facilitates flap transposition.

The frontonasal flap is identical to the miter flap except that the vascular pedi-
cle (angular vessel) is dissected and the flap is islanded. This flap is therefore consid-
ered axial and provides greater freedom of tissue movement (23).

Indications

The miter flap is designed to reconstruct defects at or near the nasal tip that are less
than 2 cm (Fig. 14).

Advantages

The quality of skin is nearly identical to that being replaced and the flap is techni-
cally easy to use. The incisions for the flap can be created along the nasal subunit
borders.

Disadvantages

The major disadvantage is that the entire skin of the nasal dorsum is put at risk
because of the wide undermining required. The nasal tip is elevated due to the limited
reach of the flap and in the postoperative period due to scar contracture.

Melolabial (Nasolabial)

Description

The melolabial (nasolabial) flap is a random-pattern local flap based either super-
iorly or inferiorly along the melolabial sulcus and cheek–nasal sidewall. The type
of tissue movement is lifting either by transposition into the defect or by interpola-
tion. If the intervening skin between the melolabial sulcus and the defect remains
intact, then a staged interpolation flap may be necessary. The flap is harvested pre-
serving the subdermal plexus distally and is based on a skin–subcutaneous pedicle;
the flap may also be created as an island based only on a subcutaneous island in
selected circumstances (i.e., a subcutaneous island melolabial flap).

Figure 13 Dorsal nasal flap.
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The length-to-width ratio can be as high as 4:1, although flaps over 10 cm have
been used augmented by surgical delay. The width of the flap is limited by the ability
to close the donor site primarily (usually < 2.5 cm). Harvesting the melolabial flap
begins with an incision along the melolabial sulcus from near the corner of the lip
to no more than the distal border of the defect. The width of the flap is the same
as the width of the defect, and this measurement determines the lateral incision on
the cheek outlining the long axis of the flap. This lateral incision will be open-ended
to leave a skin–subcutaneous pedicle positioned inferiorly for inferiorly based flaps
and superiorly for superiorly based flaps.

Indications

Superiorly based melolabial flaps are indicated for central, lateral, alar, and nasal tip
defects, and for defects of the lower eyelid. For more centrally located defects includ-
ing the nasal tip, interpolation and staging are necessary (Fig. 15). Full-thickness alar
defects are ideally reconstructed with a superiorly based flap as a one-stage proce-
dure using the twisted melolabial flap (24) (Figs. 16, 17). Partial-thickness defects
may best be reconstructed using an interpolated flap from the lateral cheek (25).

Inferiorly based melolabial flaps are indicated for upper and lower lip, floor of
the nose, columellar, and intraoral defects. Columellar defects may require bilateral
staged interpolation flaps. A partially de-epithelialized flap may be used for single-
staged reconstruction of the alveolar ridge and anterior floor of mouth.

Figure 14 Results of a dorsal nasal flap transposition in a patient with a nasal tip skin
defect.
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Advantages

The incisions for flap harvest can be hidden in the melolabial fold. There is usually a
lot of redundant tissue lateral to the melolabial fold that can be recruited to the flap,
especially in older patients. The color match to the skin of the nose is usually very
good, second only to the midforehead flap. The melolabial flap accepts cartilage
grafts well.

Figure 15 Interpolated nasolabial flap for a partial-thickness defect in the ipsilateral nasal

ala. Note in upper right photograph the intermediate stage after initial flap transfer and before
final flap division. Lower photograph shows flap inset with shape-retaining suture for the
nasal alar flare.

188 Dolan



Disadvantages

Blunting and asymmetry of the melolabial fold may require surgical revision. Dis-
secting below the level of the mimetic musculature will place the medial branches
of the facial nerve (especially the buccal branches) at risk. Superiorly based flaps
are subject to trapdoor and pincushioning deformities because the scar is oriented
in a curvilinear fashion near the nasal sidewall. Blunting of the nasofacial sulcus is
common, requiring secondary defatting procedures. Inferiorly based melolabial flaps
are also subject to trapdoor deformities of the upper lip.

Midforehead Flap

Description

Midforehead flaps are staged local axial musculocutaneous flaps with a variable dis-
tal random-pattern component. Types of midforehead flaps include the precise mid-
line forehead flap, the paramedian forehead flap, and the oblique forehead flap
(Fig. 18). The precise midline forehead flap is centered vertically in the forehead
and its base is between the eyebrows, encompassing both supratrochlear and angular
arteries. The paramedian forehead flap is just off the midline and its base is over

Figure 16 A stepwise depiction of harvesting and insetting a twisted nasolabial flap.
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the medial eyebrow, over the ipsilateral supratrochlear artery, and extending vertica-
lly to the hairline. The oblique flap is a paramedian flap that extends across the mid-
line of the forehead and along the hairline for additional flap length. Modern
refinements to the precise midline forehead flap include its being based on only one
supratrochlear artery, allowing the pedicle more freedom to achieve greater flap
length.

Figure 17 Upper photograph shows final stage of insetting a twisted nasolabial flap for a

complete nasal alar defect. Lower photograph shows patient 1week postoperatively.
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The midforehead flap is transferred in stages. The first stage involves interpo-
lation of the flap to the donor site leaving the pedicle exposed over the intervening
tissues (Fig. 19). The second stage involves pedicle division with local anesthesia 2–3
weeks later. Pedicle division can be delayed to a third stage if intermediate aggressive
thinning and sculpture are required at the second stage. After the pedicle is divided;
the remainder of the unused flap should be trimmed and replaced into the forehead
as an inverted V no higher than the level of the arch of the eyebrows; replacing
the entire unused flap with extension above this level gives a less aesthetic result.

The design of the flap should be an exact match to the recipient site defect
because forehead skin will not contract. The distal portion of the flap can be thinned
to the subdermal plexus (2–3mm thick), while the proximal part of the flap should
include the periosteum (and frontalis muscle) to protect the axial vessels against
injury while freeing the flap near its base. Missing cartilage framework should be
replaced with grafts from the ear or septum at the time of flap placement in recon-
struction of nasal defects. Local septal flaps, such as the septal hinge flap based on
the anterior ethmoidal vessels, are useful to provide inner nasal lining (25). Inner
nasal lining can also be furnished by enfolding the flap and this usually provides
good alar and columellar contour if the flap can be sufficiently thinned distally.
Middle vault through-and-through defects are best lined with adjacent skin turnover
and septal flaps, appropriate cartilage grafts, and forehead skin for coverage (26).

The vertically oriented wound at the donor site is closed, primarily facilitated
by extensive undermining in the subgaleal plane. Flaps required for the more
extensive nasal defects may leave a donor site that will not close primarily near

Figure 18 Penned outline of a paramedian (A) and oblique forhead flap (B).

Flap Classification/Local Facial Flaps 191



the hairline. These wounds can be left open to contract over several weeks, resulting
in a very acceptable cosmetic result.

The main vascular supply to this axial flap is the supratrochlear artery; second-
ary arterial sources include the angular and supraorbital arteries (27).

Indications

Midforehead flaps are used for nasal reconstruction; expanded flaps may reach the
lip or cheek but they are rarely used for reconstruction of these areas. The midfore-
head flap is best reserved for defects of the nose over 2.5 cm in length (28) (Fig. 20).

Advantages

Forehead skin is nearly identical in color and texture to nasal skin. The distal 2 cm of
the flap can be aggressively thinned to match the thickness of the skin in the lower
nose. Less aggressive thinning is required in smokers to avoid distal flap necrosis.

Disadvantages

The main disadvantage to the midforehead flap is the vertical scar on the forehead.
Primary closure is not always possible, leaving an area, usually near the hairline, to
heal by secondary intention. The length of the flap is limited somewhat by the hair-
line, although this can be circumvented to a limited extent by using the oblique mid-
forehead flap, tissue expansion, or extension into the hair-bearing scalp. If the distal
flap is overly thinned, distal necrosis is ensured, especially in smokers.

Figure 19 Harvested and transferred paramedian forehead flap in patient A shown in
Fig. 18. This is the initial transfer. After 2–3 weeks the flap is divided at the glabella.
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Island-Pedicled Musculocutaneous Nasolabial

Description

The island-pedicled musculocutaneous nasolabial flap incorporates the underlying
mimetic musculature at the base (29) (Fig. 21). The flap can then be formed into

Figure 20 Patient in upper photographs with a deformity of his nasal tip created after
cancer was excised and a skin graft applied 15 years earlier. An oblique forehead flap was used
to resurface the defect after the skin graft was removed. The result is seen in the lower

photographs.
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an island based on muscular perforating vessels. This island of nasolabial tissue is
much more mobile than traditional subcutaneous-based nasolabial flaps and can be
transposed to donor sites up to 5 cm away, thus extending the indications of the naso-
labial flap to include the total restoration of midline nasal and septal defects (30).

Perforating vessels (terminal arteries) penetrate the overlying levator labii
superioris and nasalis muscles to supply the flap. The location of the donor vessels
is adjacent to the piriform aperture, and consists of distal branches of the facial
artery distal between the labial and alar arteries and more variable superficial facial
veins. After penetrating the muscles, these vessels continue in the subdermal plexus.
Mobilization of the flap is accomplished through dissection in the nasolabial fold
and freeing of the facial artery and vein (Fig. 22).

Indications

The island-pedicled musculocutaneous nasolabial flap is descri bed for total colu-
mellar and caudal septal–columellar defects (Fig. 23).

Advantages

There is minimal donor site distortion and blunting of the alar–cheek junction
because the flap is transferred as an island; staging and secondary revisions are mini-
mized. Despite inclusion of muscle at the base of the flap, the vast majority of the
tissue is elevated in a much more superficial plane based on the subdermal plexus,
resulting in thin and pliable flap tissue. Cartilage grafting for nasal support is well
tolerated.

Figure 21 Island-pedicled nasolabial flap for repair of a total columellar defect.
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Disadvantages

Closure of the donor site as a V–Y advancement can result in a noticeable dual scar
in the melolabial crease. Injury to the buccal branches of the facial nerve is a poten-
tial complication; however, this has not occurred in reported series (29).

Cheek Advancement

Description

This is a laterally based random-pattern sliding skin–subcutaneous flap; several var-
iations are described (31). Wide subcutaneous undermining is necessary, creating a

Figure 22 Nasolabial island flap nourished by angular artery and vein.

Figure 23 Nasolabial island flap for total columellar reconstruction: intraoperative
sequence.
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cervicofacial flap that can be advanced into the defect. Incisions should be placed
along topographical borders such as the melolabial and preauricular sulci. The ele-
vated cheek flap is heavy and dermal retaining sutures to immovable landmarks such
as the malar periosteum can prevent surrounding structures from being distorted,
such as the lower eyelid.

Indications

Cheek flaps are applied most often for reconstructing defects medially on the face,
near the melolabial fold or nasal sidewall.

Advantages

Cheek advancements take advantage of the large surface area and loose cheek skin–
subcutaneous unit. Large defects (2–3 cm) adjacent to the nose are amenable to
repair using this flap. No incisions are necessary in the cheek itself, which is very ben-
eficial since these incisions are often obvious.

Disadvantages

Tension medially can blunt the natural nasal–cheek crease. This can be minimized
with dermal–periosteal sutures to the nasal sidewall. Inferolaterally based flaps for
defects near the lower lid may result in ectropion. This problem may be avoided
by using oversized lower eyelid cartilage grafts and subdermal-to-periosteal fixation
sutures to lateral canthal area.

INTRAORAL AND MISCELLANEOUS FLAPS

Buccinator Musculomucosal

Description

The buccinator musculomucosal flap (BMF) was originally described for recon-
struction of defects of the hard palate. Experience with intraoral tumor extirpa-
tions expanded its use for surgical defects of the posterior oral cavity that were
too small to justify a regional flap (32). The flap is based on the buccal neurovas-
cular pedicle and includes cheek mucosa and the buccinator muscle (Fig. 24).
Cadaveric studies demonstrate the consistent isolation of the buccal artery, and
India ink injections demonstrate the generous blood supply from this artery to
the overlying cheek mucosa. The buccal nerve is adjacent to the buccal artery
and is easily included with the flap to maintain sensation in the overlying mucosa.

The tumor is extirpated by an intraoral approach and the defect sized. Sten-
sen’s duct is identified and the superior margin of the flap is outlined, keeping at
least 5mm inferior to the duct papilla. The anterior limit of the flap is one cm
behind the oral commissure. The maximal graft size possible is 4 cm in a superior–
inferior direction and 7 cm in an anterior–posterior direction. The buccal mucosa
and the buccinator muscle are incised to the level of the buccopharyngeal fascia
working in an anterior to posterior direction (Fig. 25). A loose areolar plane exists
between the buccinator muscle and the buccopharyngeal fascia, facilitating eleva-
tion of the flap with blunt dissection. The buccopharyngeal fascia should be
preserved for two reasons: to prevent buccal fat pad herniation into the field of dis-
section and to avoid injury to branches of the facial nerve. Small branches from the
facial artery may require ligation as may venous tributaries from the pterygoid
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plexus. The neurovascular pedicle may be isolated to create an island flap to facil-
itate rotation, but this is not usually necessary. The flap is then transferred into the
defect and secured with long-lasting absorbable sutures and the donor site is closed
primarily.

Indications

In the past, these flaps were used primarily for reconstruction of cleft palate defects.
This versatile local flap should be considered for reconstruction of defects of the
floor of mouth, retromolar trigone, and soft palate.

Neurovascular Anatomy

The buccal artery and nerve arise laterally at the posteroinferior aspect of the buc-
cinator muscle. The neurovascular bundle arises between the ramus of the mandible
and medial pterygoid muscle.

Figure 24 Right buccinator flap reflected to show underlying anatomy.

Figure 25 Surgical outline of a left buccinator flap: the flap raised and held out with a suture
along its anteriormost margin.
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Advantages

The BMF is a reliable, easily harvested local flap, useful for reconstruction of
lesions involving the floor of mouth, retromolar trigone, and soft palate. It obvi-
ates the need for an intraoral bolster or harvesting of tissue beyond the oral cavity.
The BMF is raised within 30min without the use of magnification, thus minimizing
total intraoperative time. There are no adverse affects secondary to harvesting the
muscle, particularly with respect to mastication, oral continence, or facial nerve
function. When tested over the area of reconstruction in the early postoperative
period, patients report fine touch perception, which may be an aid to oral rehabi-
litation.

The BMF has several advantages over typical alternative reconstructive meth-
ods including skin grafts, tongue flaps, and nasolabial flaps. Skin grafts ‘‘take’’
poorly over exposed bone and require placement of a bolster that may be technically
difficult in this area. Tongue flaps usually require two stages and speech and swal-
lowing may be adversely affected. The nasolabial flap requires an external excision
and may not reach the retromolar trigone. Regional flaps (such as the temporalis
muscle flap) or free flaps (such as the radial forearm) involve extensive extraoral dis-
section and are better reserved for more extensive defects.

Disadvantages

Although this flap can be used in previously irradiated fields, the risk of partial loss
may be higher. In addition, external carotid artery resection or thrombosis may also
preclude use of this flap.

Palatal (Arena)

Description

The palatal flap (i.e., Arena flap) was originally described in 1977 (33). It is a muco-
periosteal flap that can encompass up to 85% of the palatal mucosal based on a sin-

Figure 26 A palatal flap raised based on a single greater palatine artery. The harvest site

may be skin-grafted.
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gle greater palatine artery (Fig. 26). The flap tissue can be rotated 180 degrees to
cover defects in the posterior oral cavity.

Dissection involves incising through the mucoperiosteum along the perimeter
of the hard palate and ligating the opposite greater palatine neurovascular bundle.
The flap is raised with a periosteal elevating instrument and traverses the multiple
fibrous tissue pegs (Sharpey’s fibers). When the ipsilateral greater palatine foramen
is reached, an additional 1 cm of length on the pedicle can be obtained by fracturing
the hook of the hamulus.

Indications

The palatal flap is indicated to resurface defects up to 8 cm2 involving the lateral soft
palate and retromolar trigone. It is useful when a defect is too small for a regional
flap but is suitable for a local flap. The flap has been used in the past for closure
of oroantral fistulas and in palate-lengthening procedures.

Neurovascular Anatomy

The vascular supply to the flap is the greater palatine artery and vein that emerge
from the greater palatine foramen and course anterolaterally to the incisive foramen.
There is excellent collateral flow across the midline of the palate, allowing the muco-
periosteum of the entire hard palate to be harvested based upon a single palatine
artery.

Advantages

The advantages of the palatal flap include ease of harvest, excellent reliability, local
source of tissue, avoidance of a skin graft and intraoral bolster, and minimal con-
tracture over the reconstructed site.

Disadvantages

The major disadvantage in using the palatal flap is the prolonged re-epithelialization
of the raw surface of the palate (2–3 months). This flap should not be used in chil-
dren because of the possibility of altered midface growth.
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7
Specialized Local Facial Flaps
for the Eyelids and Lips

Robert W. Dolan and Susan M. Tucker
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

EYELID RECONSTRUCTION

The goals of eyelid reconstruction are to:

Restore nonkeritanized internal lining
Provide form and rigidity to the eyelid margin
Re-establish fixation at the medial and lateral canthi
Provide corneal protection
Restore the thin and supple skin over the eyelids for proper function and

cosmesis
Provide appropriate elevation of the upper eyelid by the action of the levator

muscle

Eyelid Anatomy

Knowledge of eyelid anatomy is essential to planning periocular reconstruction.
Both anterior and posterior lamellae of the eyelid must be replaced to maximize
structural integrity and function. The anterior lamella consists of the skin and orbi-
cularis oculi muscle with its associated vascular elements. The posterior lamella
consists of the levator muscle and aponeurosis (upper eyelid), Müller’s muscle, tar-
sus, and conjunctiva. The gray line, visible along the middle of each eyelid margin,
denotes the junction of the anterior and posterior lamella of the eyelid (Fig. 1). The
openings of the meibomian glands mark the mucocutaneous junction and lie just
posterior to the gray line.

The tissue layers in the upper eyelid over the tarsus are skin, pretarsal orbicu-
laris muscle, levator aponeurosis, tarsus, and conjunctiva. Above the tarsus the tis-
sue layers are skin, preseptal orbicularis muscle, orbital septum, orbital fat, levator
muscle and aponeurosis, Müller’s muscle, and conjunctiva. In the lower eyelid the
capsulopalpebral fascia is equivalent to the levator of the upper eyelid and the infer-
ior tarsal (Horner’s) muscle is the counterpart of Müller’s muscle in the upper eyelid.
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The orbicularis oculi muscle encircles the palpebral aperture and is organized
into concentric zones: orbital and palpebral. The palpebral zone is divided into pre-
tarsal and preseptal components. These components possess deep and superficial
heads as they pass medially, forming the medial canthal tendon. The superficial head
of the medial canthal tendon merges with the superior and inferior tarsal plates and
inserts medially onto the frontal process of the maxilla, just anterior to the anterior
lacrimal crest. The deep head of the medial canthal tendon inserts posterior to
the lacrimal sac on the lacrimal bone (the posterior lacrimal crest). The lateral
canthal tendon arises from the periosteum over the lateral orbital rim and also from
Whitnall’s tubercle located 5mm behind the lateral rim; medially it splits to merge
with the upper and lower eyelid tarsal plates.

The orbital septum is an effective barrier to the spread of infection from the
more superficial parts of the eye (preseptal) to the deeper parts of the eye (postsep-
tal). The orbital septum originates at the bony orbital rim as a thickening called the
arcus marginalis. The facial periosteum also attaches at this point forming a trifur-
cation of fascias consisting of the facial fascia, periorbital fascia, and the orbital sep-
tum. The septum attaches onto the levator complex 2–4mm above the tarsal border
in whites. In Asians, the septum inserts more inferiorly onto the tarsal border.
Beneath the septum lies the orbital fat pads; hence the fullness of the Asian eyelid
is a result of the more inferior extension of the septum and underlying fat (see the
chapter on Blepharoplasty). In surgery, identification of the orbital fat is an impor-
tant landmark because just below it lies the levator complex in the upper eyelid and
the capsulopalpebral fascia in the lower eyelid.

The levator muscle arises from the roof of the orbit above the superior rectus
muscle. It continues forward for about 40mm where it ends just behind the septum
as an aponeurosis. Close to the origin of the aponeurosis the muscle sheath is thick-
ened to form a sleeve referred to as Whitnall’s ligament (1) (Fig. 2). This fascial
sleeve attaches to the trochlear fascia medially and the fascia of the orbital lobe of

Figure 1 The gray line (arrow). Note meibomian glands posterior to it.
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the lacrimal gland laterally and acts as a fulcrum for the action of the levator. The
aponeurosis inserts onto the lower anterior two-thirds of the tarsal plate and sends
fibers to the orbicularis and skin. Müller’s muscle is a nonstriated, sympathetically
innervated elevator of the upper eyelid that arises from the undersurface of the leva-
tor muscle close to the junction of striated muscle and aponeurosis. It descends
between the levator aponeurosis and the conjunctiva for 5–20mm to insert into
the superior edge of tarsus. In the lower eyelid, the capsulopalpebral fascia (the leva-
tor equivalent) is a fibrous tissue retinaculum, attached to and powered by the infer-
ior rectus muscle that depresses the eyelid in downgaze (2). The inferior tarsal muscle
(Muller’s muscle equivalent) also arises from the sheath of the inferior rectus muscle
and lies between the capsulopalpebral fascia and conjunctiva.

The tarsal plates are fibroelastic structures extending across the margin of each
eyelid. The upper tarsus is 10–12mm in height centrally, tapering to 6mm laterally
and medially extending from the superior punctum to approximately 3mm from the
lateral canthal angle. The lower tarsus is 3–5mm in height.

Branches of the ophthalmic artery (from the internal carotid artery) give rise to
the palpebral vessels: laterally from the lacrimal artery and medially from the term-
inal branches of the ophthalmic artery (Fig. 3). The peripheral arcade of the upper
eyelid courses beneath the levator aponeurosis at the superior border of the tarsus,
and the marginal arcade courses 2–4mm above the lid margin deep to the pretarsal
orbicularis oculi muscle. The inferior marginal arcade supplies the lower eyelid and
courses 2–3mm below the lid margin deep to the pretarsal orbicularis oculi muscle.
Important contributions from the external carotid system occur via branches of the
infraorbital, anterior deep temporal, and superficial temporal arteries (3).

The normal position of the upper eyelid margin in primary gaze is 1–2mm
below the superior limbus. The highest point is just nasal to the center of the pupil
in whites, and at the midpoint of the eyelid in Asians. The lower eyelid should

Figure 2 Whitnall’s ligament.
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slightly overlap the inferior limbus and the lowest point is just temporal to the pupil.
The upper eyelid crease in whites 8–12mm above the eyelid margin formed by the
insertion of fibers from the levator aponeurosis into the orbicularis muscle and skin.
The perceived fullness of the Asian eyelid is a result of the more inferior insertion of
the orbital septum (onto the tarsus compared with 2–3mm superior to it), and the
low skin crease is due to the low and less prominent subcutaneous insertions of
the levator aponeurosis.

Partial-Thickness Lid Defects

Both the anterior and posterior lamellae must be adequately restored, and at least
one must be vascularized to support nonvascularized grafts, if needed. Anterior
lamellar defects may be reconstructed with a basic local flap or a full-thickness skin
graft; split-thickness skin grafts should be avoided due to excess contraction that
could lead to ectropion or lagophthalmos. The order of preferred donor sites for
full-thickness skin grafts is upper eyelid, retroauricular, and supraclavicular. It is
acceptable to orient scars vertically (against the resting skin tension lines [RSTLs])
to avoid displacement of the lid margin in the process of skin recruitment in closing
an elliptical defect. Eyelid skin generally heals with minimal cicatrization and post-
operative pulling on the eyelid margin in the direction of the scar is minimal. Poster-
ior lamellar defects may be repaired with free autogenous composite grafts (e.g.,
tarsoconjunctival, septal cartilage–mucosa, hard palate mucosa), advancement or
rotational conjunctival flaps, and periosteal strips.

Full-Thickness Lid Defects

The method of closure for full-thickness eyelid defects depends upon the location
and shape of the wound. The vast majority of defects from cancer resection will
be located on the lower eyelid, most often in the shape of a wedge. Wedged-shaped
defects involving up to 50% of the lid margin may be closed primarily in older
patients. However, a lateral cantholysis is necessary if the edges of the defect cannot
be brought together easily. The edges of the defect must be perpendicular to the lid
margin along the full height of the tarsus to avoid notching. Marginal horizontally

Figure 3 Vascular anatomy of the eyelids. (Courtesy Dr. Susan Tucker, Lahey Clinic

Burlington, MA.)
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shaped defects of this extent may be converted into a wedged-shaped defect to facil-
itate primary closure. Advancing the lateral cheek facilitated by wide undermining
and release of the lateral eyelid remnant by cantholysis may close wedged-shaped
defects of the lower eyelid involving move than 50% of the lid margin. Flaps for this
purpose include the Tenzel and the Mustardé cheek rotation flaps. For marginal hor-
izontally shaped defects of this size, upper eyelid tissue can be used in the form of a
full-thickness unipedicle flap, a bipedicled flap, or a Hughes tarsoconjunctival flap.
Flaps for extensive defects of the upper eyelid include the Abbé-type full-thickness
flap from the lower eyelid (switch flap) and the Cutler-Beard flap.

Periosteal Strips

Description

Strips of deep temporalis fascia and periosteum pedicled near the orbital rim are use-
ful for replacement of the lateral tarsus and conjunctiva (4,5). The strip is oriented at
a 45 degree angle from the lateral orbital rim either in a superior direction for lower
lid defects or in an inferior direction for upper lid defects. The inner surface of the
periosteal strip will re-epithelialize from the bordering conjunctiva. The anterior
lamella is reconstructed with musculocutaneous flaps for full-thickness defects.

Indications

Periosteal strips may be used for lateral posterior lamella defects involving up to
60% of the upper or lower lid margin. They may also be used under a semicircular
flap (Tenzel) for improved lateral fixation of the eyelid.

Advantages

This is a one-staged reconstruction that uses nonvital, easily harvested tissues. The
location of the pedicle provides good lateral support for the reconstructed eyelid.
The upper and lower eyelids may be reconstructed simultaneously with properly
designed flaps.

Disadvantages

The periosteum is less rigid than the tarsus making eyelid margin malposition and
entropion more likely. This is a nonepithelial surface and a foreign body sensation
is present until re-epitheliazation occurs (by 1 month postoperatively). Periosteal
flaps have insufficient vascularity to nourish full-thickness skin grafts and should
be covered with skin flaps.

Semicircular (Tenzel) Flap

Description

A Tenzel flap is a musculocutaneous rotation flap extending from the lateral canthus
(Fig. 4). The flap can be marked approximately 22mm vertically (upwards to recon-
struct the lower eyelid and downwards to reconstruct the upper eyelid), and 18mm in
horizontal direction. This should not extend further lateral than the end of the eye-
brow. Cantholysis frees the flap to rotate medially, allowing the free eyelid margin to
be closed. The new lateral canthus is fixed to the lateral orbital rim with dermal–
periosteal sutures.
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Indications

A Tenzel flap is indicated for central or medial defects of the eyelid affecting up to
60% of the eyelid margin. For excessively large defects, the posterior lamella should
also be reconstructed to stabilize the eyelid margin (using tarsus, hard palate, nasal
septum, ear cartilage, or periosteum).

Advantages

The primary advantage of the Tenzel flap is that it advances normal eyelid tissue to
the center of the lid, leaving flap tissue in a less conspicuous area near the lateral
canthus.

Disadvantages

If this flap is used to repair excessively large defects, a greater amount of unsup-
ported tissue results in the lateral lid, potentially resulting in eyelid malposition
including entropion or ectropion. Eyelid malposition including entropion or ectro-
pion may occur when the posterior lamella is not reconstructed.

Hard Palate Graft

Description

The hard palate is composed of variably keratinized stratified squamous epithelium,
a lamina propria made up of densely packed collagen fibers, a submosal layer with
adipose and glands, periosteum, and the maxillary and palatine bones. The covering
layers are used to replace posterior lamella (Fig. 5). This can be done under local or
intravenous sedation. A bite block is used to keep the mouth wide open. The soft
palate, midline of the hard palate, and arteries should be avoided (the greater and
lesser palatine adjacent to the third molar, and the nasopalatine artery just posterior
to the central incisors). The graft is oversized by 30% and prepared by removing fat
and thinning the thick submucosa. A clear plastic palate stent custom-fit preopera-
tively at the dental office or dentures can be used for pain relief. Viscous lidocaine
can also help, and soft foods should be eaten for 3 weeks.

Indications

Hard palate grafts are indicated for defects between 60 and 100% of the length of the
eyelid of any depth.

Figure 4 A Tenzel flap used to reconstruct an extensive defect of the medial lower eyelid
margin.
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Advantages

The mucosal surface minimizes ocular irritation postoperatively. Hard palate is often
rigid enough to support the reconstructed eyelid without the use of cartilage or other
rigid grafts (e.g., conchal cartilage). Additional rigidity may be afforded by the use of
a composite nasal septal graft consisting of mucoperiosteum and underlying cartilage.

Disadvantages

Because the hard palate is variably keratinized, it may take up to 6 months for meta-
plasia to nonkeratinized mucosal epithelium causing prolonged ocular irritation, for-
eign body sensation, and excess lacrimation. In rare cases, keratinization may persist.
Postoperative shrinkage between 10 to 60% (mean of 25%) total surface area has
been reported, usually by 1month (6).

Tarsoconjunctival (Hughes) Flap (for Lower Eyelid Repair)

Description

The Hughes tarsoconjunctival flap is a staged lid-sharing procedure that transfers a
posterior lamellar flap from the upper eyelid to a lower eyelid defect (Fig. 6). The
technique involves everting the upper eyelid and incising through tarsus at least
4mm above the eyelid margin, equal in width to the lower eyelid defect. Vertical
superior cuts are created to allow the flap to reach the inferior edge of the defect
in the lower eyelid. The flap is composed of a portion of the height of the superior

Figure 5 A hard palate graft used to resurface the posterior lamella.

Flaps for Eyelids and Lips 207



tarsus and conjunctiva (a tarsoconjunctival flap). To enhance the blood supply to the
flap, Muller’s muscle or both Muller’s muscle and the levator muscle may be
included (7). The flap is composed of conjunctiva, tarsus, Muller’s muscle, levator
aponeurosis, and orbital septum. The flap is left in place 6–8 weeks for delay and
for upward traction to minimize postoperative cicatricial ectropion. The second
stage consists of flap division allowing excess conjunctival tissue to drape over the
lower lid margin. The anterior lamella must be reconstructed independently using
a skin graft or local flap.

Indications

The indication for this flap is for marginal lower eyelid defects involving greater than
60% of the lid margin and limited to 7mm in height (4).

Figure 6 Step by step depiction of a Hughes flap for repair of a lower eyelid margin defect.
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Advantages

The main advantage to this flap is that it replaces the posterior lamella with similar
tissue.

Disadvantages

The main disadvantage to this procedure is that the size of the graft is limited to
approximately 5�25mm and tapered nasally and laterally. It may result in 0.5–1.0mm
upper eyelid retraction. To minimize eyelid retraction, avoid cautery to the surgical
area after removing the graft and use corticosteroid drops for 2–3 weeks. Eye irrita-
tion can result from the tarsal scar (8,9).

Cutler-Beard

Description

The Cutler-Beard flap is a staged lid-sharing procedure that transfers a full-thickness
flap from the lower eyelid to an upper eyelid defect (10) (Fig. 7). The technique
involves creating a transcutaneous full-thickness horizontal incision below the level
of the marginal vessels in the lower eyelid (4 mm below the lid margin), equal in
extent to the upper eyelid defect. Full-thickness vertical inferior cuts are made that
create a rectangular flap based inferiorly that is pulled superiorly under the inferior
eyelid margin to the upper lid defect. The flap is composed of skin, orbicularis oculi
muscle, orbital septum, capsulopalpebral fascia, and conjunctiva. The capsulopal-
pebral fascia at the leading edge of the flap is sutured to the levator aponeurosis
in the upper eyelid as part of a layered closure. The flap is left in place 6–8 weeks
for delay and to allow lengthening. The second stage consists of flap division allow-
ing excess conjunctival tissue to drape over the upper lid margin. The lower lid is
closed in layers including conjunctiva.

Indications

It can be used for full-thickness upper eyelid defects involving over 75% of the upper
eyelid margin. Like the Hughes flap, this flap is contraindicated for patients with
ocular disease that require regular examinations or those with very poor or no sight
in the opposite eye.

Advantages

The advantages of this flap include replacement of similar tissue from that lost in the
upper eyelid and provision of a natural lining for corneal protection.

Disadvantages

Vision is obstructed for a prolonged period of time prior to flap division and inset.
Since no tarsus or rigid structure is restored in the upper eyelid margin, entropion
may result. Postoperative ectropion in the lower eyelid is also a significant risk.
There are no lashes on the reconstructed lid margin.

Switch Flap (for Upper Eyelid Repair)

Description

The switch flap is a two-stage procedure involving transfer of a wedge-shaped
full-thickness marginal flap from the lower eyelid to the upper eyelid (11). The
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hinge of the flap should lie at the midpoint of the upper lid defect, and the flap
is pedicled medially closing the visual axis after transfer to the upper lid. The
height of the flap should be at least 4mm from the lid margin preserving the
marginal arcade. At the second stage (2–3 weeks later), the pedicle is divided
and the lower eyelid is closed primarily by any appropriate technique as described
in this section.

Indications

The main indication for the switch flap is for central marginal upper eyelid defects
involving 50% of the lid margin. This technique transfers full-thickness lower eyelid,
together with the lashes, into the upper eyelid defect.

Figure 7 Cutler-Beard flap for upper eyelid reconstruction.
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Advantages

The major advantage of the switch flap is that it replaces similar tissue to that lost in
the upper eyelid, including the eyelashes.

Disadvantages

A disadvantage to this flap is that is requires two stages, and vision in the affected
eye is interrupted during the delay period.

Mustardé Cheek Rotation Flap (for Lower Eyelid Repair)

Description

A Mustardé cheek flap is a large rotation flap with its leading edge at the lateral
canthus extending laterally and arching like a Tenzel flap (12). The incision is then
continued laterally to the preauricular crease toward the level of the earlobe. A wide
subcutaneous undermining proceeds, the extent of which is determined by the laxity
of the skin and the extent of the defect. The posterior lamella must be reconstituted
and Mustardé recommends a composite graft of nasal septal cartilage and mucosa.
The mucosa should be harvested in excess to cover the lid margin, and the nasal sep-
tal cartilage must be thinned to 1mm and be oversized with respect to normal tarsus
to extend to the lower orbital rim.

Indications

The Mustardé cheek rotation flap is indicated in lower eyelid defects involving over
75% of the lid margin. This flap may best be reserved for patients who cannot
undergo a two-staged operation (Hughes tarsoconjunctival flap) or when an exten-
sive lower lid defect extends over 7mm below the lid margin (13).

Advantages

The advantages to using this flap include the ability to apply it to very extensive and
total lower lid defects; use of cheek tissue and sparing of the upper lid as a donor site;
and the use of incisions that are well-hidden following the borders of the cheek topo-
graphical unit.

Disadvantages

This flap leaves a large segment of the lid margin with little structural support poten-
tially resulting in eyelid malposition including entropion or ectropion.

Bipedicle

Description

The bipedicled flap transfers tissue from the upper eyelid to the lower eyelid in two
stages (Fig. 8). The skin bridges medially and laterally remain intact after the first
stage and are divided and discarded during the second stage 2–3 weeks later. The
flap may be composed of skin and orbicularis oculi muscle only (Tripier flap) or
the full-thickness of the upper eyelid including a portion of the upper tarsus
(14). If tarsus is harvested, the marginal arcade must be preserved. Leaving at least
5mm of upper tarsus will preserve the marginal arcade and the stability of the
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upper eyelid margin. The initial incision for the Tripier flap is oriented along the
supratarsal crease and the superior incision is 10–15mm above and parallel to the
inferior incision. The donor site of the partial-thickness Tripier flap is closed pri-
marily as in standard blepharoplasty. The donor site of the full-thickness flap
requires a complex layer repair including pushing back or recessing the upper lid
retractors and suturing the free conjunctival edge to the upper border of the
remaining tarsus. The upper lid retractors are then sutured to the conjunctiva at
their recessed position and the skin is closed primarily. A laterally based composite
unipedicle flap may be designed for marginal defects of the temporal lower
eyelid (4).

Figure 8 Two-staged bipedicled flap for defect in lower eyelid.
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Indications

The bipedicled flap is indicated for horizontal lower eyelid defects limited to
10–15mm in height. Non-marginal anterior lamella defects may be repaired with a
partial-thickness flap. Marginal defects, if repaired with a partial-thickness flap, will
require an autogenous composite graft (e.g., a nasal septal cartilage–mucosal graft).
A full-thickness bipedicled flap will reconstitute both the anterior and posterior
lamellae.

Advantages

The advantages of the bipedicled flap are that it provides tissue with excellent tex-
ture, color, and thickness. It may be single-staged for total marginal defects using
the full-thickness bipedicled flap. The tarsus incorporated into the flap provides sup-
port for the lower eyelid margin. The nature of the transposition provides good sup-
port laterally and medially to the newly reconstructed lid margin.

Disadvantages

The upper eyelid may be malpositioned or lagophthalmus may result from harvest of
the full-thickness flap. The height of the defect that can be repaired is limited to
10–15mm. No eyelashes are included in the flap for marginal repairs.

LIP RECONSTRUCTION

More than 90% of lip defects involve the lower lip because the majority of lip carci-
nomas occur in this area. Basic goals in lower lip reconstruction are the prevention of
drooling and re-establishment of the continuity of the lips. A variety of local and
regional flaps are capable of meeting these goals. However, with the recent advent
of several innervated local flaps and modified versions of previously nondynamic
and nonsensate flaps, function and cosmesis are now of primary importance.
Although not yet within reach, the ideal lip repair results in a completely functional
lip demonstrating normal sphincteric and complex motor actions with identical tex-
ture and color to the missing lip segment. There should be no donor site morbidity or
noticeable scar, and the flap should be reliable, easily harvested, and sensate.

Lip Anatomy

The lips are paired mobile folds covered externally by skin and internally by mucous
membrane encompassing a highly muscular inner layer. The upper lip extends to the
base of the nose medially and to the nasolabial folds lateral. The lower lip is sepa-
rated from the chin by the mentolabial sulcus (mental crease) (15). The surface anat-
omy of the lip consists of the topographical subunits, oral commissures, red-lip
margin, inner vermilion line, philtrum, red line, white line, and Cupid’s bow
(Fig. 9). Burget et al. (16) have organized the upper lip into topographical subunits
including two lateral subunits and two medial subunits. The borders of a lateral sub-
unit are the ipsilateral philtral column, nostril sill, alar base, melolabial fold, and
inner vermilion line. The borders of a medial subunit are the ipsilateral philtral col-
umn, nostril sill, midphiltral trough, and inner vermilion line. The oral commissures
demarcate the upper lip aesthetic subunits from the lower lip subunits. When more
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than 50% of a subunit is missing, superior aesthetic results will be obtained if the
entire subunit is replaced. The lower lip includes two lateral subunits and a central
subunit. The borders of a lateral subunit are the labiomental crease, mandibular
margin, mental crease, and inner vermilion line. The lateral subunits meet in the mid-
line over the mental crease and central subunit. The mental crease defines the central
subunit as it courses horizontally under the mid-portion of the lower lip and des-
cends inferolateral to the mandibular margin (17).

The red-lip margin is the vermilion surface external to the occlusal surface of
the upper and lower lips (inner vermilion line). It is composed of modified mucosal
epithelium devoid of minor salivary glands. The perioral skin meets the deep red
color of the vermilion at the red line. Just outside the red line is a raised surface pro-
minence of paler skin that forms the white line. Malalignment or deformity of the
white line is very noticeable and careful reapproximation of this line during lip
reconstruction is essential. The philtrum, above the midline of the upper lip, is
defined by vertical raised skin prominences forming the philtral columns and the
portion of the white line inferiorly forming a gentle curve known as Cupid’s bow.

The layers of the lip include the vermilion, orbicularis oris muscle, labial
glands, and oral mucosa. The orbicularis oris muscle is an oral sphincter but is
not simply a sheet of continuous muscle fibers that encircle the mouth. The oral
sphincter is a complex composite of muscle fibers including those of the orbicularis
oris that radiate from dense fibromuscular masses (the modioli) located approxi-
mately 1.25 cm lateral to the oral commissures. The modioli are focal points of tran-
sit, insertion, and decussation of several different muscles that together result in the
complex movements associated with the lip (Fig. 10). The orbicularis oris muscle
fibers radiate from the modioli and converge in the midline of each lip. The muscle
fibers that travel under the red-lip margin represent the pars marginalis component
of the orbicularis oris muscle. The pars marginalis consists of a single (in some races
a double) band of narrow muscle fibers within the red-lip margin. The pars margin-
alis is unique to higher primates and is essential to normal vocalization and produc-
tion of some musical tones. The peripheral component of the orbicularis oris muscle
is the pars peripheralis; these fibers aggregate into cylindrical bundles that fan out
from each modiolus from the white line to the peripheral areas of the upper and

Figure 9 Topographical subunits of the lip.
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lower lips (Fig. 11). On sagittal section, the pars peripheralis as it approaches the red-
lip margin and the pars marginalis are classically described as resembling the shank
and curved portions of a hook. The buccinator muscle forms a large part of the oral
sphincter, its peripheral fibers passing directly into the upper and lower lips, and its
central fibers decussating at the modioli before passing into the lips (18). Superficial
to the buccinator muscle course fascicles from the levator anguli oris and depressor
anguli oris, inserting and crossing at the modioli. Entering the orbicularis obliquely,
the zygomaticus major, levator labii superioris, and depressor labii inferioris contri-
bute other superficial fascicles. The motor supply to all these muscles is from the
buccal and mandibular branches of the facial nerve. Sensation is mediated through
the infraorbital and mental branches of the trigeminal nerve. The labial arteries are
branches of the facial artery that course immediately beneath the labial mucosa deep
to the inner vermilion line.

Figure 10 The modioli: note the common insertion of the facial mimetic muscles.

Figure 11 The orbicularis oris (pars peripheralis) inserting into the modiolus (patient’s
right).
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Vermilion Defects

Partial-thickness defects involving the vermilion and white line that can be closed
primarily should be repaired in line with the resting skin tension lines (RSTLs);
extension beyond the borders of the surrounding topographical subunits (e.g., men-
tal crease) should be avoided. The RSTLs radiate out from the white line and tend to
follow the fine rhytids in this area. If the partial-thickness defect involves the under-
lying orbicularis muscle and superficial repair would leave an adynamic segment of
lip, consideration should be given to converting it into a full-thickness defect to allow
approximation of the orbicularis oris muscle to maintain oral competence. More
extensive partial-thickness vermilion defects may be repaired with a variety of flaps
including mucosal advancement from the labial mucosal behind the inner vermilion
line, skin grafting with tattooing, and ventral or marginal musculomucosal tongue
flaps. Vermilion mucosal defects may be repaired with mucosal advancement; how-
ever, if the vermilion defect is thick, involving submucosal tissues, then a more sub-
stantial musculomucosal tongue or cheek flap is preferred. Tongue flaps must be
designed carefully to ensure their viability. The median raphe separates the vascular-
ity of the tongue in the sagittal plane with very poor collateral circulation. For this
reason, tongue flaps should be designed longitudinally along the margin of the ton-
gue, or transversely, across the median raphe, as a bipedicled flap (19). Tongue flaps
for vermilion reconstruction should be obtained from the undersurface or margin of
the tongue because these surfaces are smooth and resemble vermilion. Underlying
tongue muscle should be selectively harvested to provide sufficient bulk to the new
vermilion. The undersurface of the tongue can be transferred to the lower lip vermi-
lion surface using staged marginal and ventral bipedicled tongue flaps (Fig. 12). The
second stage, usually 3 weeks later, is for flap division and inset; the defect on the
undersurface of the tongue can be left to heal by secondary intention. For upper
lip defects, the tongue tip may be sutured to the vermilion and severed 3 weeks later.

Full-thickness vermilion-only defects that are limited to one-half the length of
the lip may be repaired with unilateral or bilateral full-thickness vermilion advance-

Figure 12 Staged ventral tongue flap for lip vermilion reconstruction. Upper photographs
show incision in ventral tongue (A) and intermediate attachment to lower lip (B). Lower

photographs (C, D) show lower lip after detachment from the tongue.
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ment flaps (Figs. 13, 14). Sliding vermilion advancement flaps for full-thickness
vermilion defects of the lower lip take advantage of the elasticity of completely
released segment of vermilion. The vermilion is released by full-thickness cuts at
the white line to the oral commissure, being careful to angle the cut appropriately
to include the labial artery. The flaps are then simply brought together on stretch
and all incisions are sutured primarily (20).

Commissure Reconstruction

Some local flaps (e.g., Estlander flap or Karapandzic flap) result in a blunted or
rounded commissure that requires secondary revision. Most commonly, revision
involves lateral horizontal transection through a point corresponding to the desired
location of the buccal angle. Buccal mucosa is advanced anteriorly to form the new
red lip. Converse described a method of commissuroplasty that removed a triangular
unit of skin and subcutaneous tissue lateral to the blunted region and advancement
of the underlying mucosa to form the new redlip (21).

Commissure defects aremost commonly secondary to trauma, especially electrical
burns. An electrical burn injury affects the lower lip and commissure most severely.
The commissure becomes rounded with adjacent cutaneous and subcutaneous

Figure 13 Patient with a verrucous growth of the left lower lip. After resection, this patient

Figure 14 Sliding vermilion advancement flap for repair of a lower lip defect.
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scarring that pulls the uninjured surrounding lip and cheek tissues inward, resulting
in excessive bulk and anteromedial rotation of the affected commissure. Delayed
reconstruction in these cases is preferred in contrast to immediate reconstruction
for cases due to cancer resection. The early use of an oral splint may reduce the need
for extensive reconstructive surgery in milder cases. A restored commissure should
ideally be symmetrical with respect to the opposite side in repose and during mouth
opening, with no webbing, and with a normal well-defined vermilion. The lateral
extent of the commissures should fall in line with the medial aspect of the cornea.
The variety of reconstructive methods described for this injury is evidence for the
fact that there is no ‘best’ technique and the ideal result is seldom achieved. In gen-
eral, the techniques involve some degree of scar release and excision; formation of a
more naturally placed commissure; and mucosal, adjacent vermilion, or tongue flaps
to form the new vermilion.

Despite the plethora of available techniques, some basic tenets should be con-
sidered. Adequate release of all contracted tissues including mucosa and muscle
should be performed initially to reduce the excess bulk by allowing the tissues of
the cheek and adjacent lip to retract back to their normal positions. A limited
amount of indurated fibrous tissue should be excised. If an excessive amount of scar
tissue is removed, the commissure will thicken as cheek and adjacent lip are again
pulled into the area postoperatively. The opened commissure is deficient of tissue;
therefore, buccal mucosal, adjacent vermilion, or ventral tongue flaps must be
recruited. Using adjacent buccal mucosal or vermilion may be counterproductive
since they are harvested from a region that is already deficient of tissue. A staged,
anteriorly based, ventral tongue flap avoids the use of adjacent tissue and may be
the best choice, especially for more significant injuries (22).

Full-Thickness Defects

The factors influencing lip reconstruction are the extent and location of the lip
defect, associated bony defects of the anterior arch of the mandible, prior neck dis-
section, and the quality and quantity of adjacent lip and cheek tissues. Definitive
repair at the time of cancer resection is customary because, with the selective use
of Mohs’ micrographic surgery and frozen section control of surgical margins, the
risk of recurrence requiring further surgery is rare.

Defects involving up to one-third of the length of the lip can be closed primar-
ily with a pentagonal wedge excision keeping the edges of the vermilion parallel and
wedging out a triangle of skin below the white line (Fig. 15). Primary closure of
defects involving up to one-half of the lip is possible in selected patients with signif-
icant lip laxity. Two techniques that allow primary lip closure for defects involving
one-half the lower lip that cannot undergo simple closure are the staircase technique
and bilateral lip advancement flaps. The staircase technique is employed for rectan-
gular defects and involve lateral advancement flaps from the remaining parts of the
lower lip and chin prepared by stepwise incisions. Defects can be closed with either
unilateral or bilateral flaps. The rectangles are excised below the steps down to the
orbicularis oris muscle (originally these were described as full-thickness [23]) to allow
the remaining lip segments to advance medially (24). Rectangular defects can be
repaired using full-thickness bilateral advancement flaps of the remaining lower lip
by extending the horizontal limits of the base of the defect laterally along the mental

218 Dolan and Tucker



creases. After full release of the lateral lip segments they are advanced toward the
midline and sutured in layers (Fig. 16).

Defects involving over one-half of the lip require tissue recruitment from the
opposite lip (e.g., Karapandzic or cross-lip flap); the perioral area (e.g., steeple,
depressor anguli oris, or facial platysmal flap); or the cheek (e.g., modified Bernard
or fan flap). These local flaps are functional (sensory and motor) and the resul-
ting scars often fall on the borders of the lip topographical subunits. The steeple
flap and cross-lip flaps (Abbé and Estlander) depend upon reinnervation from the

Figure 15 Pentagonal closure of a lip defect. Note the pentagonal wedge of tissue excised to
allow closure and accurate alignment of the white line.

Figure 16 Rectangular lip defects closed with horizontally advanced tissue. This patient had
an extensive lower lip=mandible defect. The lip was originally closed primarily after transfer of

a composite scapular free flap (left photograph). A second-stage procedure involving
horizontal advancement of the adjacent lip and chin soft tissues resulted in improved
appearance and function of the lower lip (right photograph).
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surrounding lip tissue that may be partial and delayed for several months. Tobin (25)
has created a useful paradigm for flap selection in lower lip reconstruction to max-
imize postoperative lip function and cosmesis (Table 1).

Associated bony defects of the anterior arch of the mandible and prior neck dis-
section may affect the choice of flap for lip repair. Mandibular arch resection for can-
cer requiring lip resection often results in large lower lip tissue deficiencies that
include the depressor anguli oris and facial platysmal, eliminating the use of the peri-
oral flaps that are based on these muscles. The soft tissue component of the free flap
may be available for lip reconstruction. However, these tissues are usually excessively
thick and nonsensate, with the exception of the osteocutaneous radial forearm flap
that is rarely used for mandibular arch defects. Perioral and cheek flaps are still pre-
ferred despite underlying bone reconstruction and the availability of the soft tissue
component of the free flap. If local tissue is unavailable, concurrent or subsequent
transfer of a sensate radial forearm free flap is satisfactory (26,27).

Prior or simultaneous neck dissection should have little bearing on the choice of
flap for lip reconstruction unless the marginal mandibular nerve is disrupted, in
which case the functional local flaps that depend upon this nerve for movement
would be less effective (e.g., depressor anguli oris and facial platysmal). The modified
Bernard flap and the Karapandzic flap would also be expected to result in a poorly
functioning lip, but may benefit from the remaining buccal branches for orbicularis
oris muscle tone and movement. More commonly, the facial artery is divided, jeo-
pardizing the vascular supply to the perioral and cheek flaps. However, retrograde
collateral flow through the facial arterial branches from the angular, infraorbital,
dorsal nasal, and transverse facial vessels is sufficient to supply the majority of these
flaps (28). Nevertheless, the facial artery should be preserved, if possible.

The quality and quantity of adjacent lip and cheek tissue may be diminished,
most commonly by the presence of inelastic and fibrotic skin secondary to irradia-
tion or dysplastic changes in the skin of the cheek or opposite lip. When local flaps
are unavailable, regional or free tissue transfers must be considered. The most com-
mon regional flaps for subtotal or total lower lip reconstruction include the staged
paired deltopectoral flap, and the pectoralis flap (29,30). These flaps have several
inherent deficiencies including poor color match, no movement, no sensation, multi-
ple stages, marginal distal viability, and excess bulk. Regional flaps for the upper lip
include the staged temporal forehead (unipedicled or bipedicled) and staged bipe-
dicled–scalping flap. These flaps can bring hair-bearing skin to the upper lip, and
may be satisfactory because limited sphincteric movement and absence of sensation
are better tolerated in the upper lip. Scalp flaps used to reconstruct the lips are axial

Table 1 Flap Selection for Lower Lip Reconstruction

Lower lip defect Repair

Lateral 1=3 to 2=3 Depressor anguli oris flap

Innervated facial platysmal flap
Central 1=3 to 2=3 Karapandzic flap

Modified Bernard flap
Total Bilateral depressor anguli oris flap

Bilateral innervated platysmal flap

220 Dolan and Tucker



based on the posterior branch of the superficial temporal artery. For full-thickness
lip defects, additional flaps or skin grafts must furnish an inner lining. Although
these flaps result in adequate lip replacement with hair-bearing potential, they suffer
from requiring a staged procedure and significant donor site morbidity. The radial
forearm free flap for both total and subtotal upper and lower lip defects is superior
to regional flap repair (Figs. 17–19). It is potentially sensate, appropriately thin to

Figure 17 Upper lip defect closed with a radial forearm free flap. This patient received
radiation therapy as a teenager to control facial acne. He had multiple skin cancers throughout

his face and extensive scarring within his upper lip, causing permanent retraction of this
structure (upper left photo). The skin and upper lip were resected within the aesthetic unit
(upper right photo) and a radial forearm free flap was fashioned using a template. It was used

to repair the missing lip and skin, providing a long-term solution (lower photo).
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fold on itself at the free lip margin for interior lip coverage, and can be supported
using the palmaris tendon draped under the free lip margin (its ends sutured to
the modioli or zygomatic–malar complexes).

Karapandzic Flap

Description

Karapandzic originally described this flap in 1974 as a means of perioral lip advance-
ment that maintains the sensory and motor function of the orbicularis oris muscle
and perioral skin (31). The technique consists of bilateral circumoral incisions from
the edge of the defect maintaining an equal distance from the white line to a point just
medial to the nasolabial fold (i.e., the width of the flap is equal to the height of the

Figure 18 A patient with extensive squamous cell cancer of the lower lip requiring total
excision of his lower lip, underlying mucosa, and adjacent chin (left photo). A sensate radial

forearm free flap was planned with harvest of the palmaris tendon to support the free edge of
the new lip=vermilion.

Figure 19 Patient in Figure 18 during (left photo) and after (right photo) flap transfer. Note

in left photo the red rubber tube attached to the palmaris tendon. The flap is folded over this
tendon, providing extra- and intraoral coverage and the tendon is secured with permanent
suture to the modioli. The patient also underwent vermilionplasty using a staged ventral

tongue flap.

222 Dolan and Tucker



defect) (Fig. 20). The neurovascular structures at the outer edges of the defect and at
the corners of the lips are preserved and the orbicularis oris is selectively cut and
released around these structures to allow flap rotation. Only the superficial fibers
of the orbicularis oris muscle are cut at the commissures to preserve the radiating
deeper fibers of the buccinator muscle. To minimize the rounded appearance of the
commissures, the distal cut ends of the zygomaticus major muscles may be sutured
relative to the new position of the commissures. Limited gingival labial sulcus muco-
sal incisions are necessary to facilitate movement of the lip tissues toward the defect.

Indications

The procedure may be used in any patient with a full-thickness lip defect involving
the vermilion and perioral skin. However, the degree of postoperative microstomia is
proportional to the length of the defect. Therefore, the Karapandzic flap is mainly
indicated for defects involving up to two-thirds of the lower lip and up to one-half
of the upper lip. Rectangular defects are most amenable to this type of repair.

Advantages

The main advantage of the Karapandzic flap is that is maintains a continuous circle
of functioning orbicularis oris muscle and sensate perioral skin that results in a func-
tional reconstruction.

Disadvantages

The main disadvantage of the Karapandzic flap is that the oral cavity aperture will
be smaller (microstomia), thus impeding oral access, which is especially significant in
patients with dentures. The nature of the incisions can result in a clown-like appear-
ance. The location of the modioli is altered and the new commissures often take on a
rounded appearance that may require commissuroplasty.

Abbé Flap

Description

The Abbé flap is a two-stage full-thickness lip switch flap based on the labial artery
taken from the opposing lip medial to the oral commissure (32). The shape and size
of the flap depend upon the dimensions of the defect; however, the height of the flap

Figure 20 A Karapandzic flap used for repair of a subtotal lower lip defect.
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should be equal to the height of the defect, and the width of the flap should be half
the width of the defect. The flap is transposed 180 degrees and after 7–10 days the
pedicle is divided and the lips are closed in layers.

Indications

The Abbé flap is indicated for full-thickness central defects involving up to one-
half of either lip. This flap may be used to reconstitute a missing philtrum. A
unique use of an Abbé flap described by Millard involves transfer from the central
lower lip to the central upper lip in patients with a tight upper lip after unilateral
cleft lip repair. This relieves the tension on the upper lip and provides a philtrum
with the philtral columns corresponding to the vertical scars resulting from flap
placement (33).

Advantages

The Abbé flap provides nearly identical tissue to that lost including red lip, orbicu-
laris oris muscle, and intraoral mucosa. The resulting length of the donor lip is pro-
portional to the length of the recipient lip. The new lip segment regains motor
innervation within 8 weeks and sensation within several months (34).

Disadvantages

This is a two-stage procedure that requires the placement of a temporary pedicle that
partially blocks the oral aperture. Although motor reinnervation occurs, the quality
is variable and may result in an adynamic or poorly functioning segment of lip.
Return of sensation may take several months, returning in the order of pain, touch,
and temperature (cold, then hot). The continuity of the orbicularis oris in the normal
lip is disrupted, potentially resulting in muscle denervation and dysfunction. The oral
aperture is reduced, and repair of larger defects in some patients may result in sig-
nificant microstomia. The scar in the recipient lip often results in bunching up of
the flap tissue causing a trap door deformity.

Estlander Flap

Description

Estlander (35) described a single-stage full-thickness cross-lip flap based on the labial
artery for closure of lower lip defects near the commissure of the mouth. As with the
Abbé flap, the width of the flap should be one-half the width of the defect, and the
height should equal the height of the defect. The Estlander flap transfers the lateral
portions of the opposite lip around the existing commissure to replace the missing lip
tissue. Blunting of the commissure is expected and secondary revisions are usually
necessary.

Indications

The Estlander flap is indicated for full-thickness lateral defects involving up to one-
half of either lip (Fig. 21).

Advantages

The Estlander flap provides nearly identical tissue to that lost including red lip, orbi-
cularis oris muscle, and intraoral mucosa. Balance between the lips is preserved
because the resulting length of the donor lip is proportional to the length of the reci-
pient lip. The new lip segment regains motor innervation within 8 weeks (34).
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Disadvantages

The modiolus is disrupted, altering the functionality of the lip elevators and depres-
sors. The Estlander flap blunts the ipsilateral commissure and a secondary commis-
suroplasty is usually necessary. The return of motor and sensory innervation is
variable. Like the Abbé flap, the Estlander flap may result in significant microstomia
and trap door scarring.

Bernard–Von Burow Cheek Advancement

Description

Bernard and Von Burow were two 19th century surgeons who described the use of
cheek tissue advancement using perioral triangular excisions of redundant tissue to
close large full-thickness lip defects (36). To reconstruct large upper lip defects,
Burow’s triangles are placed lateral to the alae and oral commissures. For lower
lip defects, the Burow’s triangles are placed at the oral commissures and the defect
is excised in the shape of a large ‘V’ that includes much of the chin tissue inferior
to the lip. The mucosa in the depth of the triangles is incised and left pedicled
inferiorly; this excess mucosa is draped anteriorly after flap inset to form the
new vermilion.

The Webster modification of the Bernard flap was described for lower lip
reconstruction (37). It spares the facial musculature, including the orbicularis oris
and the neurovascular structures, by excising skin only within the Burow’s triangles.
The underlying muscles and neurovascular structures are released similarly to the
Karapandzic flap. The Burow’s triangles are also placed more laterally and their
bases tilted slightly superolateral with respect to the oral commissures to fall within

Figure 21 A superiorly based Estlander flap for repair of a lower lateral lip defect. Note

how the donor site scar falls within the nasolabial crease.
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the melolabial fold. The requirement of a V-shaped defect is abandoned in favor of a
chin-sparing rectangular defect. Two additional Burow’s triangles (skin only) are
placed opposite the inferior aspect of the defect within the buccolabial folds. Mucosal-
only incisions are made under the upper Burow’s triangles to create excess mucosa
that is pedicled inferiorly to drape over the new lip margin.

Indications

This flap was originally described to reconstruct subtotal and total defects of the
upper or lower lip. The Webster cheiloplasty is indicated for lower lip defects, espe-
cially subtotal defects of the central lower lip (Fig. 22). Total lower lip reconstruction
may be facilitated by a cross-lip Abbé flap to augment the central part of the lower
lip, reduce tension on the closure, and reduce the size of the upper lip to more closely
match the deficient lower lip (38). Modified Bernard flaps (muscle and nerve sparing)
for subtotal or total upper lip defects may also be augmented with a cross-lip flap to
the philtrum.

Advantages

The modified Bernard flap preserves the integrity and position of the modioli and
creates a functional lip. Limiting its use to subtotal defects of the lip will result in
a satisfactory repair. These defects may also be repaired with a Karapandzic flap;
however, the Bernard flap will not result in microstomia.

Disadvantages

The original Bernard–von Burow flap resulted in denervation of the orbicularis oris,
interruption of the sensory supply to both the upper and lower lips, and disruption
of the modioli. These problems are avoided using the modified flaps. A large amount
of healthy tissue must be discarded in the nasolabial and mentolabial folds. If defects
involving greater than two-thirds of the lip are reconstructed using this technique, a
tight lip deficient in tissue often results. Solving this problem by using cross-lip flaps
results in a new set of problems inherent in the use of the Abbé flap. Use of a cross-
lip flap may be particularly problematic if the donor site is from the upper lip,
because this would disrupt the philtrum.

Figure 22 The Webster modification of the Bernard flap for repair of an extensive lower lip
and chin defect. See text for details.
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Steeple Flap

Description

The steeple flap is a full-thickness island musculocutaneous flap that is vertically
oriented and rectangular (39). The base of the flap extends laterally from the base
of a rectangular lateral lower lip defect. The height of the flap should equal the hor-
izontal length of the defect. A triangular excision of tissue over the flap facilitates
primary closure of the donor site and gives the flap the appearance of a steeple.
For a left-sided defect, if the facial artery enters the flap in its superolateral aspect,
the flap is rotated counterclockwise into the defect. If the facial artery enters the flap
in its inferolateral aspect, the flap is rotated clockwise into the defect. Excess mucosa
should be harvested on the appropriate side of the flap to form the new vermilion.
Recovery of sensory and motor innervation is anticipated within several months,
similarly to a lip-switch flap.

Indications

The steeple flap is designed for ipsilateral lower lip defects involving up to 60% of
the lip. Total lower lip reconstruction can be accomplished with bilateral flaps.

Advantages

The main advantage to the steeple flap is that it can potentially provide a functional
reconstruction for extensive lower lip defects. In addition, the skin of the flap
matches the skin and texture of remaining perioral areas.

Disadvantages

The muscle fibers are not in exact alignment with the remaining orbicularis oris
fibers and surface irregularities may be unmasked during active lip closure. The
entrapped scar predisposes to trap door deformity and a patched appearance. Sen-
sory and motor recovery may be incomplete. The resulting donor site scar is in an
unnatural location, immediately adjacent to the oral commissure.

Depressor Anguli Oris Flap

Description

The depressor anguli oris flap is a full-thickness musculocutaneous flap that provides
functional (both sensory and motor) lower lip and oral sphincter reconstruction (40).
Flap dimensions reflect the size of the underlying depressor muscle and are approxi-
mately 4 cm long by 2 cm wide. The vascular pedicle is the inferior labial artery off
the facial artery entering the flap near the oral commissure. Sensation is derived from
the mental nerve (trigeminal) and the motor innervation is from the marginal branch
of the facial nerve. These two nerves are dissected independent of the vascular pedi-
cle and are sufficiently released to allow transposition of the flap. The flap is based
superiorly with its medial border originating at the modiolus. It extends inferiorly
along the buccolabial fold (marionette line) encompassing the underlying depressor
anguli oris muscle. The layers of the flap include skin, depressor anguli oris muscle,
and mucosa. Harvesting additional tissue laterally from the labial–gingival sulcus
can enlarge the mucosal component. The flap pivots into position, bringing the
depressor anguli oris muscle into the same orientation as the lost orbicularis oris
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muscle. The facial artery must occasionally be divided near the inferior aspect of the
flap to allow transposition. Mucosal advancement or a ventral tongue flap reconsti-
tutes the vermilion border.

Indications

The depressor anguli oris flap is most favorable for lateral ipsilateral defects invol-
ving up to 60% of the lower lip (Fig. 23). Total lower lip reconstruction can be
accomplished with bilateral flaps.

Advantages

The upper lip and modioli are undisturbed and the full length of the lower lip is
reconstructed, minimizing the problem of postoperative microstomia. The principal
advantages to this method are recreation of a sensate lower lip with sufficient motor
activity to recreate a functional oral sphincter, avoidance of microstomia, preserva-
tion of upper lip structure and function, and provision of all lip elements by a single
flap.

Disadvantages

A functional donor deficit of commissure depression is evident in scowling. The com-
missure also rises excessively during smiling as a consequence of the unopposed
action of the lip elevators.

Figure 23 The depressor anguli oris flap for dynamic and sensate repair of a lower lip defect
(see text).
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Fan Flap

Description

The fan flap, originally described by Gillies in 1954, derived its name from its resem-
blance to the rotational opening of a handheld fan. The flap is full-thickness includ-
ing mucosa and is based on the opposing lip’s labial artery. In designing the flap, the
opposing lip’s white line is marked at a point away from the lateral aspect of the
defect along the vermilion equal in length to the width of the defect. This mark repre-
sents the area on the opposing lip that will become the new commissure after flap
inset. Extending out from this mark, along a radiant RSTL, a full-thickness incision
is made approximately 1.5 cm in length. The incision is then turned acutely at an
angle of approximately 60 degrees to the outer part of the nasolabial fold. The inci-
sion then follows the fold and turns acutely toward the defect to match the height
and width of the flap to the height and width of the defect. To facilitate flap transfer,
an opposing 60 degrees angled incision from the nasolabial fold is made into the
cheek, creating a Z-plasty at the base of the flap.

Indications

The fan flap is primarily indicated for full-thickness defects of the central upper or
lower lips. The use of bilateral symmetrical flaps results in the most cosmetic
reconstruction. Defects involving between one-third and one-half of the lower lip
may be repaired with a unilateral fan flap, but an Estlander flap may be more
appropriate.

Advantages

The fan flap provides actual lip tissue for replacement of the lost segment of lip.

Disadvantages

The use of a classic fan flap always results in some degree of microstomia. The mod-
iolus is malpositioned and a second stage is required for commissuroplasty. The sen-
sory and motor nerves to the transposed segment of orbicularis oris muscle are
divided, resulting in a nonsensate and adynamic repair. The Karapandzic flap
attempts to improve on this type of flap design by preserving the sensorimotor com-
ponents to the transposed lip segment. However, some sensory and motor reinnerva-
tion may occur with the fan flap as seen with the Abbé and Estlander flaps, taking up
to 2 years for maximal return.

Facial Platysma Flap

Description

The facial platysma flap is a skin–muscle flap based on the pars modiolaris portion
of the platysma (41). The pars modiolaris represents the muscle fibers that extend
over the mandible to insert on the ipsilateral modiolus, and are located just lateral
to the lateral border of the depressor anguli oris muscle. Motor innervation is via
the marginal branch of the facial nerve and sensory innervation is from the mental
nerve (trigeminal). Vascular supply is via the facial artery as it crosses the mandible.
The defect should be triangular or wedge-shaped and the flap is designed just lateral
in the shape of an inverted ‘V’ with identical dimensions; its base is oriented along
the border of the mandible. The platysmal fibers are incised, preserving the
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neurovascular structures to the flap. The flap is rotated toward the defect, leaving a
raw inner surface that must be covered with a cheek mucosal flap. Flap rotation
results in the reorientation of the platysmal fibers into a more horizontal position.
A similar type of flap (the submental artery island flap) harvested from the submen-
tal area has been described (42).

Indications

This flap is indicated for lateral defects involving over one-third of the length of the
lower lip, where the depressor anguli oris muscle is missing or of no use (Fig. 24).
Bilateral flaps must be used for total lip reconstruction.

Advantages

The flap provides a functional reconstruction of the lower lip with local tissues. The
color and texture match to the missing segment of lip is excellent.

Figure 24 The facial platysmal flap (see text for details).
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Disadvantages

This is not a full-thickness flap and mucosal lining must be obtained from the adja-
cent cheek. The platysmal fibers under the flap may be difficult to identify in some
patients due to excessive thinning of the muscle in the perioral area. The marginal
branch of the facial nerve is at risk for injury because it must be dissected laterally
to free the flap for sufficient rotation. Trap door scarring is common.
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8
Regional and Free Flaps

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

MUSCULOCUTANEOUS FLAPS

To enhance the survival of extended skin flaps, Owens (1) incorporated underlying
muscle and the musculocutaneous vessels. This report led to several applications
of musculocutaneous flaps including one of the most useful flaps in head and neck
reconstruction: the pectoralis musculocutaneous flap (2).

The skin component of a musculocutaneous flap is supplied via musculocuta-
neous arterial perforators from a source artery. These perforators may supply the
skin either indirectly or directly. Indirect perforators supply the skin through term-
inal arteries whose main purpose is to supply the underlying muscle. Direct perfora-
tors either follow intermuscular septa or pierce muscles en route; their main purpose
is to supply the overlying skin (e.g., the deltopectoral flap) (3). Musculocutaneous
flaps are categorized by Mathes and Nahai (4) including the following types:

I. Single dominant pedicle as sole blood supply to the flap (e.g., tensor
fascia lata)

II. One dominant pedicle and multiple minor pedicles that cannot support
the flap if the dominant pedicle is severed (e.g., trapezius)

III. Dual dominant pedicles (e.g., rectus)
IV. Multiple segmental pedicles (e.g., sartorius)
V. One dominant pedicle and several segmental pedicles, either of which is

capable of supporting the tissue (e.g., pectoralis major, latissimus)

Axial pattern skin flaps that are supplied at their base by indirect musculo-
cutaneous perforators are considered musculocutaneous flaps, most notably (in
the head and neck) the nasolabial musculocutaneous flap (5) and the forehead flap.
These local axial pattern flaps may also be considered lifting flaps either of the trans-
position or interpolation type depending on flap design.

Fasciocutaneous Flaps
The concept of including the deep fascia to extend the length-to-width ratio is
described by Ponten (6) and further subclassified by Cormack et al. (7) into four
types, each representing a specific pattern of blood supply:
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A. Multiple perforators at base (e.g., medial thigh flap)
B. Single vascular perforator (e.g., parascapular flap)
C. Segmental arterial vascular supply (e.g., radial forearm)
D. Type C with bone (e.g., osteoseptocutaneous radial forearm or fibula)

There is controversy over what constitutes a true fasciocutaneous flap. Several
cutaneous flaps are harvested with fascia; however, Cormack believes that to be clas-
sified as a fasciocutaneous flap the source artery must reach the skin via inter-
muscular septa, and the skin must be dependent on the underlying deep fascial
vascular network to survive (8). The dominant vascularity of fascial flaps is in the
prefascial plexus. This deep fascial network is found most prominently around the
shoulders and extremities where the skin is tightly adherent to the underlying deep
fascia (whereas the subdermal vascular plexuses tend to be dominant in loose-
skinned areas such as the torso) (3). Rigorous application of the definition of a
fasciocutaneous flap would include only extremity and shoulder girdle skin flaps that
derive their blood supply from direct arteries via intermuscular septa.

Some flaps, composed of only skin and fascia, defy classification; they cannot
strictly be classified as fasciocutaneous flaps since the level of the dominant vascular
plexus is subdermal (e.g., lateral intercostal flap and the deltopectoral flap) (9). The
source arteries reach the skin by direct perforators through inter=intramuscular
septa. The classification of these skin flaps is unresolved in the literature. Despite
the common reference to the deltopectoral flap as a fasciocutaneous flap, it cannot
technically be considered a true fasciocutaneous flap because it does not depend on
the deep fascial vascular plexus for survival. No resolution to this confusion in
nomenclature can be offered based on the modern vernacular of flap classification;
however, it is reasonable to refer to these types of flaps as axial skin flaps.

Microvascular Free Flaps
The first reported microsurgical free flap transfer was for esophageal reconstruction
using a jejunal segment in 1957. However, this method of flap transfer by tissue
transplantation did not become popular until the early 1970s. Today, it has a pre-
eminent role in many cases of head and neck reconstruction. Many of the tradition-
ally regional musculocutaneous and fasciocutaneous flaps can be used as free tissue
transfers throughout the head and neck (e.g., a free latissimus dorsi transferred to a
large scalp defect). During the 1970s and 1980s, flap success continued to increase (to
98% in most large series today). Our increasing understanding of skin flap vascular-
ity has resulted in the discovery of many new potential donor sites. Over the last sev-
eral years, however, certain donor sites have become preferred based on ease of
harvest, quality of the donor vessels, donor site morbidity, and needs at the recipient
site. The vast majority of head and neck defects can be reconstructed using only six
flaps, including the osteocutaneous fibular flap, fasciocutaneous radial forearm flap,
musculocutaneous rectus flap, jejunal flap, osteomusculocutaneous scapular system
of flaps (including the latissimus), and osteomusculocutaneous iliac crest flap (10).

The principal indication for microvascular free tissue transfer is immediate
reconstruction of complex oncological surgical defects. Typical surgical defects or condi-
tions that mandate free tissue transfer include composite mandibulectomy, pharyngoeso-
phagectomy, partial and total glossectomy, selected cases of facial paralysis, extensive
cranial base resections, extensive scalp loss, and total composite maxillectomy.
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Future Directions
Further advances in flap classification are on the horizon. The reverse pedicled fas-
ciocutaneous flap for lower limb reconstruction has recently been described (11). The
artery is based distally, and the multiple interconnections between the venae comi-
tantes allow the venous effluent to bypass the venular valves. Another flap that will
likely gain in popularity and add to our understanding of flap physiology and clas-
sification is the venous flap (12,13). A venous flap survives as an island based only on
proximal and distal venous connections with no arterial inflow. This research may
also reveal new concepts regarding microcirculation.

REGIONAL FLAPS

Latissimus

Description

This type of V flap was first described as a pedicled flap for breast reconstruction
in 1896 by Tansini (14) and as a free flap in 1978 by Maxwel et al. (15) (Fig. 1).
The latissimus muscle is broad and flat, taking origin from multiple structures
including the lumbodorsal fascia, the lower thoracic spinous processes, the poster-
ior iliac crest, the lower four ribs, and the tip of the scapula. It inserts into the
intertubercular groove of the posterior humerus. The latissimus serves to help sta-
bilize the shoulder and inwardly rotate and adduct the arm (e.g., important in
operating a wheelchair).

Indications

As a regional flap, the latissimus muscle and musculocutaneous flaps are seldom
used. The flap has been applied to various defects requiring a relatively large amount
of soft tissue, especially over the lateral skull base and neck. The latissimus has infre-
quently been used for reconstruction of the tongue and floor of mouth. With regard
to regional flaps, the pectoralis major is just as useful and easier to harvest. In addi-
tion, a latissimus flap is prone to venous congestion because the vascular pedicle is
subject to compression as the flap is passed under the axilla. This problem is avoided
when the flap is transferred as free tissue.

Neurovascular Anatomy

The blood supply to the latissimus muscle is the thoracodorsal artery (subscapular
artery) with its lateral and medial branches. The muscle can be split longitudinally,
supplied separately by these branches, if desired. The thoracodorsal vein runs with
the artery and is relatively large (2–4mm) near its origin from the subscapular vein.
The sensory nerves originate from intercostal nerve perforators but they are small
and exceedingly difficult to incorporate with the flap. The thoracodorsal nerve,
however, is large and branches are harvestable that innervate separate segments
of muscle.

Advantages

The major advantage of this muscle is its broad shape that is ideal for covering large
surface defects (Fig. 2). Primary closure of the donor site is possible, except in cases
requiring an exceptionally large skin paddle (over 9 cm depending on the surround-
ing skin laxity and patient habitus).
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Disadvantages

The main disadvantage to using the latissimus flap is the risk of vascular compres-
sion and flap loss. The vascular pedicle is subject to compression as it passes under
the axilla. The patient must be placed in a lateral decubitus position to harvest the
flap and the access incision along the axillary fold is lengthy. The donor site has a
propensity to form seromas often requiring prolonged (> 1 week) placement of suc-
tion drains. Brachial plexus shearing or stretch injury may occur if precautions are
not taken including head flexion and shoulder=axilla support during flap harvest.
Loss of the latissimus muscle results in little functional morbidity except in those
patients who require the specific actions provided by this muscle including wheel-
chair users, swimmers, or construction workers.

Sternocleidomastoid

Description

The sternocleidomastoid flap is a type IV musculocutaneous flap that been used in
reconstructing oral and cheek defects since 1955 (1). The muscle extends from an

Figure 1 Harvested pedicled latissimus muscle flaps showing large fanlike anatomy. Note
the large thoracodorsal pedicle.
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inferomedial attachment to the clavicle and sternum to a superolateral attachment to
the mastoid process. The muscle is usually pedicled superiorly for oral defects, taking
advantage of its superiorly oriented blood supply.

Indications

This flap is able to reach the ipsilateral cheek, mandible, and intraoral defects
extending from the retromolar trigone to the contralateral floor of mouth. The flap
will also cover selected cervical defects within its arc of rotation. Because of serious
drawbacks listed below, the flap is rarely used.

Neurovascular Anatomy

The blood supply is from branches of the occipital, superior thyroid, and thyrocer-
vical trunk arteries (Fig. 3). Preserving two-thirds of the vascular sources is necessary
to ensure viability, especially for musculocutaneous flaps. The nerve supply is from a
branch off the spinal accessory nerve. Preservation of the innervation to the muscle is
not necessary for the application of this flap.

Advantages

It is local tissue for potential one-staged reconstruction of oropharyngeal defects.
The donor site (neck) may be closed primarily.

Disadvantages

The major disadvantage is that its use may interfere with an oncological neck opera-
tion. The reliability of this flap is also a major drawback, especially if the neck has
been previously irradiated. The arc of rotation is necessarily limited because of the

Figure 2 Pedicled latissimus musculocutaneous flap showing large expanse of muscle with a
central skin island.
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blood supply requirements. This flap can only support a small cutaneous island of no
more than 3–4 cm.

Pectoralis Major

Description

The pectoralis major is a type V musculocutaneous flap originally reported by
Ariyan in 1979 (2). The pectoralis muscle over the anterior chest wall takes origin
from the lateral sternum, the second through the sixth ribs, and medial clavicle
and inserts into the upper humerus. Underlying rib may be harvested with this flap
based on its (tenuous) periosteal blood supply.

The first step in harvesting the pectoralis major flap is to outline on the skin the
expected course of the vascular pedicle and the size and configuration of the skin pad-
dle. The course of the vessels under the muscle extends along a line dropped from the
midclavicle towards the nipple; the vessels then turn medial on a line from the acro-
mion to the xiphoid process. The design of the skin paddle is usually a simple ellipse
oriented along the vascular line medial to the nipple and above the inferior border of
the muscle (superior border of the rectus sheath). A variety of skin paddle designs can
be harvested as well as separate skin islands over the proximal muscle for separate
defects or for inner and outer lining (16,17). An incision is then designed to extend
from the superior border of the skin paddle in a superolateral direction to facilitate

Figure 3 Three arteries principally supply the sternocleidomastoid muscle: (1) occipital, (2)
superior thyroid, and (3) thyrocervical. Two of three of these arteries must remain intact to
ensure viability of this flap.
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flap harvest toward the base of the vascular pedicle. The incision should either stop or
curve away laterally from the inferior border of a potential deltopectoral flap that
may be needed in the future (Fig. 4). The skin paddle–muscle unit is raised distal
to proximal by outlining muscular incisions that preserve the vascular pedicle under
direct vision. Once the skin paddle–muscular unit is freed to the clavicle, it is passed
under the neck–chest skin bridge and over the clavicle to reach the head and neck. The
donor site is almost always closed primarily facilitated by widely undermining and
advancing the surrounding skin.

Indications

The pectoralis major flap is one of the most common flaps used for head and neck
reconstruction. It is used to reconstruct through-and-through oropharyngeal,

Figure 4 A harvested and transferred pectoralis major musculocutaneous flap. Note the
harvest site (A) and the lateral incision for access to the vascular pedicle. The dotted arrow

represents the subcutaneous course of the transferred skin paddle (B). Note also that the
lateral access incision does not violate the territory of the deltopectoral flap (C), in case this
flap is needed in the future.
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lateral skull (temporal bone), neck skin, noncircumferential esophageal, and man-
dibular defects. It may be considered the flap of choice for posterior mandibular
composite defects, tongue replacement in total glossectomy–laryngeal defects,
significant base of tongue defects, and noncircumferential esophageal defects.
The pectoralis flap is not easily formed into a tube, making it unsuitable for
circumferential esophageal defect reconstruction. Attempts lead to strictures and
intractable dysphagia.

Neurovascular Anatomy

The motor supply comes from the lateral and medial pectoral nerves from the bra-
chial plexus. The medial pectoral nerve supplies and then passes through the pector-
alis minor muscle to reach the pectoralis major muscle. This nerve is visualized and
cut to free the vascular pedicle completely. The lateral pectoral nerve pierces the
costocoracoid membrane to reach the pectoralis muscle, coursing with the vessels.
If this nerve is cut, atrophy of the muscle can be expected (and may be desirable
in many circumstances). The pectoral branches of thoracoacromial artery (from
the axillary artery) supply the muscle after coursing medial to the insertion of the
pectoralis minor muscle. The lateral thoracic artery (from the axillary artery) also
supplies the muscle after coursing lateral to the insertion of the pectoralis minor
muscle. Although the lateral thoracic artery may be more prominent in some
patients, especially females, preservation is unnecessary despite some surgeon’s
admonitions regarding its potential dominant role (16). In addition, preserving the
lateral thoracic pedicle significantly limits the rotation and reach of the flap.

Advantages

The donor site can easily be hidden under clothing, and the loss of the muscle is well
tolerated. The flap is easy to harvest and reaches the most common areas of the head
and neck that require tissue of this quality and quantity. The vascular anatomy is
very reliable and the flap is robust.

Disadvantages

The vascular supply to the rib via the periosteum is tenuous and its use for mandib-
ular segmental defects is associated with a high rate of failure. Marginal necrosis of
the skin paddle is relatively common, especially if the distal part of the skin paddle
extends beyond the underlying muscle (18). The subcutaneous tissue can be bulky,
especially in women in whom the incisional scars may be less acceptable. The weight
of the flap and the tendency for regional flaps to return to their site of origin result in
an inferior migration of flap tissue. This is well tolerated for posteriorly oriented
defects; however, reconstruction of anteriorly oriented defects, especially around
the mandibular symphysis, may result in neck contracture, jaw contracture, or expo-
sure of underlying plates and bone grafts.

Deltopectoral

Description

The deltopectoral flap, originally reported by Bakamjian, is an axial skin flap sup-
plied by parasternal direct cutaneous perforators (19). The flap is composed of the
fascia overlying the pectoralis major, subcutaneous tissue, and skin (Fig. 5). It is
based along the parasternal area over the first through the fourth intercostal spaces
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and extends laterally with equal width toward the shoulder. The flap is usually trans-
ferred as a staged transposition flap, but may also be islanded for single-stage trans-
fer or as a free flap (20). The flap can be extended over the tip of the shoulder;
however, this extension will encompass a third angiosome and put this distal part
at significant risk of necrosis. Surgical delay is effective in augmenting the flap to
capture this third angiosome. The delay may be accomplished by simply ligating
the thoracoacromial vessels or partially elevating the flap to sever these vessels. Sim-
ply performing the skin incisions alone may be effective without cutting the thora-
coacromial vessels (21).

Indications

The original principal indication for the deltopectoral flap was for staged circumfer-
ential esophageal reconstruction. This was a significant advance and inspired the
development of several subsequent landmark advances in head and neck reconstruc-
tive surgery. Today, the deltopectoral flap serves a secondary role in lower neck skin
coverage or as a salvage procedure if first-line flaps fail. It may be used as external
cover with the pectoralis flap to reconstruct combined cervical esophageal and neck
skin defects (Fig. 6). As an island, it is very useful for paratracheal coverage.

Neurovascular Anatomy

The blood supply to the deltopectoral flap is from the first through the fourth per-
forating vessels from the internal mammary artery. The dominant perforator is
usually the second and this vessel supplies the island and free flap (Fig. 7). It is a
nonsensate flap.

Advantages

It is a robust flap that can be transferred in its islanded form or as a free flap. The
proximal part can be de-epithelialized and left under an intact intervening skin
bridge.

Figure 5 The deltopectoral flap is a medially based flap supplied by the intercostal
perforators, predominantly the second intercostal perforator. The flap is raised off the medial

aspect of the deltoid muscle and the pectoralis. Extension much beyond the medial aspect of
the deltoid muscle places the distal aspect of the flap at risk for necrosis if no delay is used.
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Disadvantages

Extending the flap beyond the deltopectoral groove places the distal portion at risk
for necrosis; certainly any part of the flap that extends beyond the tip of the shoulder
must be surgically delayed. The donor site requires a skin graft except in cases where
a short island flap is used. The second perforator is small (1mm) and may be tech-
nically difficult to use as a free flap.

Figure 6 A staged deltopectoral flap used to resurface a recently closed salivary fistula

superolateral to the tracheostomy. The fasciocutaneous flap is raised lateral-to-medial directly
over the pectoralis muscle (A). The flap is transferred in an intermediate stage (B). After 3
weeks the pedicle is divided, leaving the distal skin intact over the defect (C).

Figure 7 Intercostal perforators from the internal mammary supplying the deltopectoral

flap. The second perforator (2) is usually the largest.
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Forehead (Temporal)

Description

The forehead flap is a type III musculocutaneous flap encompassing all the layers of
the forehead except the periosteum. The flap is based laterally (whereas the midfore-
head flap is based centrally) and is oriented horizontally across the forehead, often
extending beyond the midline (Fig. 8). The flap may be used in one-stage reconstruc-
tion as a transposition or turnover flap or in two-stage reconstruction as an interpo-
lation flap (common in nasal reconstruction). The undersurface of the flap may be
skin grafted for through-and-through defects of the cheek or nose.

Indications

This flap is mainly of historical interest only. The forehead flap will cover ipsilateral
cheek, eye, and nasal defects. It has also been used for reconstruction of defects
involving the lateral floor of mouth, inner cheek, retromolar trigone, and the soft
palate.

Neurovascular Anatomy

The forehead flap is based on both the parietal and temporal branches of the super-
ficial temporal artery. It is nonsensate.

Advantages

The forehead flap is very similar to the color and texture of normal facial skin. The
flap is very robust and provides an abundant amount of tissue for lateral and mid-
face reconstruction.

Disadvantages

The major disadvantage in using the forehead flap is the unsightly skin-grafted
donor site.

Figure 8 The forehead flap (as opposed to the medial or paramedian forehead flap) is based
laterally on the superficial temporal artery. It is seldom used today because of the availability

of other flaps and the significant donor site morbidity (primarily cosmetic). It was mainly used
for tonsillar and retromolar trigone defects.
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Temporalis Muscle

Description

This type III flap was first described by Golovine in 1898 for obliteration of dead
space after orbital exenteration (22). The origin of the temporalis muscle is the
temporal line and part of the inferior zygomatic arch as the muscle passes under
this structure. The muscle is shaped like an inverted triangle and inserts onto
the coronoid process and ramus of the mandible. The approach to harvesting
the muscle is through a temporal rhytidectomy incision and subperiosteal dissec-
tion to protect the neurovascular bundle that travels on the undersurface of the
muscle. Dissection superficial to the muscle should proceed under the superficial
temporal fascia, preserving this structure. To facilitate the muscle’s movement into
the oral cavity, a segment of the zygomatic arch and the coronoid are removed,
and a tunnel is created bluntly between the temporal fossa, over the masseter mus-
cle, and into the oral cavity. The zygomatic arch may be replaced; however, the
muscle itself fills this defect with little residual depression. The available surface
area in the oral cavity for coverage is approximately 4� 5 cm (23). A split-thick-
ness skin graft may be placed over the muscle 10–14 days prior to the definitive
harvest to reduce secondary healing, granulation tissue, and unwanted adhesions
at the recipient site (24). However, this muscle re-epithelializes well in the oral cav-
ity despite a large expanse of uncovered surface. Finally, the temporalis muscle
may be harvested with a vascularized periosteal–split calvarial bone graft superior
to the temporal line, if needed.

Indications

The primary indications for the temporalis muscle flap are for intraoral, cranial base,
and, as originally described, orbital reconstructions (25,26) (Fig. 9). The use of split
temporalis muscle as a sling for the lower eyelid and lip in facial paralysis is another
common indication: some dynamic movement is possible through the V3 branch of
the trigeminal nerve (Fig. 10). Less common indications are for palate and maxillary
reconstructions (27,28).

Neurovascular Anatomy

The arterial supply to the temporalis flap is via the anterior and posterior branches
of the deep temporal artery (a branch of the second division of the maxillary artery)
and the middle temporal artery (a branch of the superficial temporal artery). The
middle temporal artery is sacrificed in most circumstances of flap transfer. The
motor supply is the third division of the trigeminal nerve. No sensory component
is described.

Advantages

The advantages of the temporalis flap include its proximity to common defects of the
head and neck. It is technically easy to harvest and has a robust blood supply. The
muscle and fascia are easily draped over defects with little tendency to retract toward
the donor site. The nature of the blood supply allows longitudinal splitting of the
muscle into segments supplied by the posterior and anterior branches of the deep
temporal artery. This allows independent reconstruction of independently function-
ing units (e.g., floor of mouth and tongue or lip and eye). The function of the mand-
ible after harvest of this mandible is essentially unchanged.
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Figure 9 The temporalis muscle flap is useful for obliteration of an exenterated orbit. This is

an example of one of the earliest and most useful applications of this flap.

Figure 10 Temporalis sling for lip support. This patient had a radical temporal bone
resection with sacrifice of the facial nerve and multiple mimetic muscles. Pictured are a freed
temporalis muscle and a subcutaneous tunnel created (clamp) for transposition of the muscle

into the modiolus (arrow).
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Disadvantages

The most difficult problem with harvest of the temporalis flap is the hollowing of the
donor site that can be a significant cosmetic deformity. If only a portion of the flap is
used, or if the superficial temporal fascia is preserved, this problem is less noticeable.
Immediate reconstitution of bulk in this area is possible through the use of autoge-
nous materials such as split calvarial bone grafts or the transpositioning of galeal
flaps (29). Hydroxyapatite-based pastes are also useful in providing bulk to the area
(Fig. 11). This material becomes incorporated into the surrounding bone, and even-
tually transforms into viable bone over time. This is superior to implants such as
methylmethacrylate that are encapsulated and never incorporate into the surround-
ing bone. Another disadvantage to the temporalis muscle flap is that the dissection
anteriorly is close to the temporal branch of the facial nerve. Even temporary paraly-
sis is uncommon. However, with overzealous retraction or dissection in the wrong
plane, this nerve can be permanently injured. The nerve courses in close proximity
to the superficial temporalis fascia and is avoided by dissecting anteriorly under
the superficial slip of the deep temporal fascia inferior to the deep temporal fat pad.

Galeal Frontalis

Description

The galeal frontalis is a type B fascial flap similar to temporoparietal flap, and is
part of the occipitofrontalis fibromuscular layer of the scalp extending from the eye-
brows to the nuchal line. The flap is usually harvested directly off a coronal flap just
prior to its transfer to the anterior skull base (Fig. 12). It is placed over the anterior
skull base through the inferior margin of the cranial bone flap. Length can be gained
posteriorly by harvesting galea–pericranial tissue behind the coronal incision
(extended galeal frontalis flap) prior to elevation of the coronal flap in the subperi-

Figure 11 Hydroxyapatite paste placed into the temporalis donor site. After the harvest of
the temporalis muscle, a significant volume defect is created in the temporal fossa (left star).
Hydroxyapatite will effectively correct this deformity (right star) and prevent the wasted

appearance in this area postoperatively.
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cranial plane. Inclusion of the pericranium may enhance flap vascularity (30), espe-
cially over the cranial summit. The width of the flap is determined by the size of the
defect (between 2 and 10 cm).

Indications

The galeal frontalis flap’s primary indication is for defects of the cribriform and
anterior skull base. It provides highly vascularized tissue for support of free bone
and fascial grafts, and will help seal cerebrospinal fluid leaks from dural dehiscence.

Neurovascular Anatomy

The galeal flap is based anteriorly on a rich vertically oriented vascular network pro-
vided by the supratrochlear and supraorbital vessels. The flap may be based unilat-
erally or bilaterally. The accompanying nerves are sacrificed during flap harvest.

Advantages

The galeal flap is a highly vascular soft tissue flap readily available for cranial base
reconstruction after craniofacial surgery. It is technically easy to harvest and effec-
tively isolates the nose from the cranium with hardy tissue.

Figure 12 The galeal frontalis flap (A) used to cover an extensive craniofacial defect (B).
The flap is folded into the defect to separate the cranial contents from the nose.
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Disadvantages

Although it provides good nose–anterior cranial fossa separation, it is of limited
bulkiness. Therefore, if bulk is required, a free flap should be used such as the rectus
myocutaneous flap or the augmented radial forearm flap. Harvest of the flap thins
the scalp and may predispose the scalp to radiation-induced ischemia and necrosis.
Alopecia from hair follicle injury, loss of ability to wrinkle the forehead, and neuro-
sensory loss over forehead are additional disadvantages of the galeal flap.

Trapezius

Description

This is a type II regional musculocutaneous flap. The trapezius system of flaps
includes the superior trapezius flap (31,32), the lateral island trapezius flap (33),
and the lower island trapezius flap (34,35). The trapezius muscle originates from
the medial one-third of the superior nuchal line and the external occipital protuber-
ance of the occipital bone, the ligamentum nuchae, and the spines of the seventh
cervical and all thoracic vertebrae. It inserts into the posterior border of the lateral
one-third of the clavicle, the spine of the scapula, and the crest of the spine of the
scapula (36). The trapezius muscle functions to suspend the shoulder girdle and to
elevate and rotate the shoulder.

The superior trapezius flap is a musculocutaneous flap based superiorly along
the nuchal line and paraspinous region. The flap drapes like a scarf to the midline of
the neck. This flap should be differentiated from a nape of neck flap (Mutter’s flap,
1842) that does not include the underlying trapezius muscle.

The lateral island trapezius flap is based laterally as an island of skin and mus-
cle proximal to the acromion and spine of the scapula. The flap is mobilized along
with the vascular pedicle for transfer to the ipsilateral head and neck.

The lower island trapezius flap is based on the inferior aspect of the trapezius
muscle between the medial border of the scapula and the spine, often including tissue
below the tip of the scapula. This flap is mobilized superiorly to the anterior border
of the trapezius muscle without manipulation or mobilization of the vascular pedicle
in the posterior triangle of the neck.

Indications

The most useful of the three flaps is the superior trapezius flap. Although this is not a
first-line flap, it is extremely hardy and can be used after radical neck dissection. It
provides coverage for difficult wounds including persistent orocutaneous fistulas and
exposed carotid arteries (Figs. 13, 14).

The lateral and lower island trapezius flaps provide thin pliable tissue for
reconstruction of almost any defect in the ipsilateral head and neck (Figs. 15, 16).
The lower island flap is most often used for lateral skull base defects since the patient
can be placed in the lateral decubitus position for both recipient site extirpation and
flap harvest (Figs. 17, 18).

The anatomy of the vascular pedicle in the posterior triangle of the neck is
extremely variable, and the artery or, more commonly, the vein will pass under
the scalenes or brachial plexus. This limits the mobility of the vascular pedicle, thus
severely limiting the use of the lateral island flap.
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Neurovascular Anatomy

The motor supply is derived from the spinal accessory nerve but is sacrificed during
flap harvest. The main vascular supply to the muscle is the transverse cervical artery.
The transverse cervical artery runs a variable course across the posterior triangle: it
originates either from the thyrocervical trunk (most commonly), directly from the
subclavian artery, or as a branch of the dorsal scapular artery. At the anterior border
of the levator scapulae muscle the transverse cervical artery divides into deep and
superficial branches. The deep branch may arise separately from the subclavian
artery as the dorsal scapular artery. The deep branch travels deep to the levator sca-
pulae muscle and the superficial branch proceeds superficial to the levator scapulae
muscle and divides into an ascending and descending branch.

The superior trapezius flap is nourished solely by the paraspinal perforators
and, less so, by postauricular descending branches of the occipital artery. The lateral

Figure 13 A superior trapezius flap is planned to repair an orocutaneous fistula. Note the
penned outline of the superior trapezius flap in the photo on the right.

Figure 14 Harvest of the superior trapezius flap involves reflection of the trapezius muscle
and overlying skin toward the nape of neck and upper paraspinal area. The flap is then folded
around the neck like a scarf to close the defect (photo on right).
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island trapezius flap is based on the ascending branch of the superficial transverse
cervical artery.

The lower island trapezius flap is based on the descending branch of the super-
ficial transverse cervical artery. The deep transverse cervical artery (dorsal scapular
artery) passes under the lesser rhomboid muscle and sends a branch to the inferior
portion of the trapezius muscle (Fig. 19). Inclusion of the dorsal scapular artery
by harvesting a segment of the lesser rhomboid muscle with the artery may be desi-
rable to ensure adequate vascularity to the distal muscle (37). However, in a large
series by Urken et al., no distal flap loss occurred with sacrifice of the dorsal scapular
artery if the inferior border of the flap did not extend more than 5 cm below the bor-
der of the scapula (38). The primary venous drainage comes from the transverse cer-
vical vein. This vein runs a variable course through the posterior triangle and may
not accompany the artery. It empties into either the thyrocervical trunk or into
the inferior part of the external jugular vein. To ensure the viability of a lower or

Figure 15 Lateral island trapezius flap used to repair a chronic nonhealing ulcer in a patient
who received radical radiation therapy for an ear canal carcinoma. Note on right that the flap
is outlined over the trapezius muscle and a skin flap is being raised over the posterior neck to
locate the feeding vessels.

Figure 16 Lateral island trapezius flap pedicled on its feeding vessels (transverse cervical
vessels, photo on left). Photo on right shows the flap in place (A) and its feeding vessels
(B) under the neck flap.
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lateral island flap, the inferior jugular vein must be preserved if this anatomical con-
figuration exists which is especially important in patients undergoing neck dissection.

Advantages

Prior radical neck dissection has no bearing on the use of the superior trapezius flap;
in fact, resection of the transverse cervical artery serves to delay the flap thus
improving its distal vascularity (32). This flap is very hardy and will survive in open
infected and irradiated wounds, making it very useful for difficult situations where
soft tissue coverage is crucial in the lateral and upper neck.

The lower island trapezius flap offers thin, pliable tissue and is unaffected by
variations in the anatomy of the transverse cervical artery and vein, unlike the lateral
island flap. The donor site can be closed primarily and is the least conspicuous of all
the trapezius family of flaps. It also offers the longest arc of rotation.

The lateral island flap also offers thin pliable tissue for a variety of defects in
the ipsilateral head and neck and the patient does not have to be placed in the full
lateral decubitus position for flap harvest.

Figure 17 Lower island trapezius flap for repair of a planned temporal bone and
postauricular skin excision. Note the outline of the flap (photo on right) over the lower aspect
of the trapezius muscle.

Figure 18 Lower island trapezius flap raised and pedicled before final inset on left. On right,
the flap is inset to fill the defect.
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Disadvantages

The superior trapezius flap is bulky and has a limited arc of rotation (to just above
the mandibular border) and limited reach (to midline). The donor site most often
needs to be skin grafted.

The lower island trapezius flaps requires the patient to be placed in a full lateral
decubitus position for flap harvest. Loss of shoulder function is similar to that occur-
ring in patients who have had their accessory nerve cut during a radical neck dissection.

The lower and lateral island flaps are unreliable in patients who have under-
gone an ipsilateral neck dissection, due to either venous or arterial insufficiency
(38,39). Preoperative angiography is of limited usefulness since it often cannot
delineate a patent transverse cervical vein. The lateral island flap is often abandoned
intraoperatively due to variations in the anatomy of the transverse cervical vessels.

Temporoparietal Fascia

Description

The temporoparietal fascial flap is a type B fascial flap that is harvested as a fascia-
only flap, either pedicled or free. The temporoparietal fascia is the superior extension
of the superficial musculoaponeurotic system (SMAS) to the temporal line lying
between the subcutaneous fat and a loose areolar plane above the temporalis muscle.
The flap is harvested through the temporal extension of a face lift incision. The ante-
rior extent of flap dissection is limited by the location of the frontal branch of the

Figure 19 The dorsal scapular arterial supply to the lower island trapezius muscle (arrows).
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facial nerve. This branch is intimately associated with the flap and anterior flap
dissection must stop short of the nerve. The course this branch can be traced by
extending a line from just below the tragus to an area extending 2 cm from the lateral
brow. The flap is pedicled near the upper tragus: its harvest as a free flap includes a
vascular pedicle length around 6 cm.

Indications

The temporoparietal fascial flap is used most commonly to resurface pinna defects as
a turndown-lining flap. As a pedicled flap it may also be used for improving facial
contour after a parotidectomy, eyelid reconstruction (for which it was originally
described in 1898), and resurfacing temporal facial defects providing a vascularized
surface for a skin or bone grafts (Fig. 20). As a free flap, it has been used for limited
defects of the nose, extremity, and hand. Overlying hair-bearing scalp can be trans-
ferred with flap if needed (see the forehead flap).

Neurovascular Anatomy

No sensory component is described. The temporoparietal fascia’s blood supply is the
superficial temporal artery and vein emanating from the depths of the parotid at the
tragus: the vessels lie either on the surface of the fascia or within it. The superficial
temporal vessels leave the fascia and enter the subdermal plane approximately 10 cm
above the crus helix (40). Above the level of the zygoma, the vessels split into parietal

Figure 20 Temporoparietal fascial flap inset over a facial defect, providing a vascularized
surface for a split-thickness skin graft. The defect (A) resulted from a wide local excision of a
skin cancer; zygomatic bone was exposed. A temporoparietal fascial flap (B) was harvested

and transferred over the defect. A skin graft was placed (C) and the final appearance is
shown (D).
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and temporal branches, allowing the fascia to be split (Fig. 21). In addition, the mid-
dle temporal artery branches from the superficial temporal artery just superior to
the zygomatic arch to supply the temporalis fascia and underlying muscle. The use
of the superficial layer of deep temporalis fascia and the temporoparietal fascia
based on the proximal superficial temporal artery is described (41).

Advantages

The temporoparietal flap is very thin and pliable, extremely well vascularized, and
able to support soft tissue and osseus grafts. Primary closure of the donor site is
always possible and secondary contour defects do not occur as a result of harvesting
the flap.

Disadvantages

Injury to the frontal branch of the facial nerve may occur because it is near the tem-
poral branch of the superficial temporal artery. The skin over the flap is harvested in

Figure 21 The depth and vascular supply of the temporoparietal fascial flap are
demonstrated. Note the parietal and temporal branches of the superficial temporal artery

supplying the flap.
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an immediate subdermal plane occasionally leading to ischemic necrosis of the skin
edges or limited alopecia. Attempts to harvest the flap beyond 12 cm above the crus
helix may result in the loss of this distal portion of the flap (40).

DISTANT (FREE) FLAPS

History
Microvascular free tissue transfer has spawned a new era of reconstructive surgery.
The variety of regional and free flaps available today is a culmination of work done
throughout the 20th century, especially since the introduction of Bakamjian’s delto-
pectoral flap in the late 1960s (19). The modern reconstructive surgeon is able to deli-
ver vast quantities of well-vascularized tissue that allow closure of even the most
complex head and neck postsurgical and traumatic wounds.

Prior to the deltopectoral flap, closure of complex head and neck wounds was
accomplished by secondary intention or by mobilizing skin from the anterior chest
wall through a series of so-called ‘delay’ procedures. Particularly problematic were
pharyngeal wounds that required multiple delay procedures and skin grafts often
resulting in a prolonged open and draining wound and several months in hospital.
The first reported microsurgical flap transfer was for a cervical esophageal defect
reconstructed with a jejunal segment in 1957 by Seidenberg (42). However, microvas-
cular reconstruction was not practiced with any regularity until the early 1970s. Dur-
ing this period, there was more interest in regional tissue transfer and basic flap
vascular physiology. In the late 1960s, despite requiring at least two stages, the del-
topectoral flap became available and was immediately embraced as a significant
advance in pharyngeal reconstruction. During the 1970s, several axial soft tissue
and composite flaps were discovered. The most important regional axial flap discov-
ery with regard to head and neck reconstruction was the pectoralis flap (2). Several
potential microvascular free tissue flaps were also discovered but microvascular
reconstruction remained unpopular due to technical demands and problems with
flap viability. Improvements in mandibular plating systems occurred during this
same period and many patients received these plates in lieu of the much more
involved technique of microvascular bone transfer. Although regional composite
flaps were available (e.g., pectoralis–rib), the bone often resorbed and was inade-
quate. The reconstructive plate restored form and, since patients rarely sought dental
rehabilitation even when reconstructed with vascularized bone, this method was
arguably adequate and less costly and demanding. Over the years, these plates were
covered with a variety of flaps including free and regional (most often the pectoralis
flap). This method was popular but suffered a major setback as clinicians began noti-
cing with increasing frequency plate breakage and exposure leading to complete loss
of the reconstruction. This was particularly evident when a plate was used to bridge
an anterior segmental mandibular defect, with plate exposure or breakage often
occurring within months. However, it was reported that vascularized bone placed
behind the plate resulted in a hardy and permanent reconstruction. Since only micro-
vascular free tissue provided durable bone of adequate stock, this method became
the only reasonable choice for anterior mandibular defects. An increasing awareness
of the versatility and viability of microvascular flaps has advanced free tissue trans-
plantation to the forefront of head and neck reconstruction. The success rate of free
flap transfer approaches 100% today due to improvements in flap selection,
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development of precise techniques and instrumentation, and careful postoperative
monitoring. In addition, microvascular reconstruction reduces the number and
length of hospitalizations and operations, thus lowering health care costs and return-
ing the patient to a more normal routine sooner.

Certain donor sites have become preferred for the head and neck based on
their ease of harvest, quality of donor vessels, donor site morbidity, and the spe-
cific needs at the recipient site. The majority of head and neck defects can be
reconstructed with one of four flaps including the radial forearm, osteocutaneous
fibula, rectus musculocutaneous, and jejunal. The iliac osteocutaneous flap, the
scapular system of flaps, and the lateral arm flap are also useful in many selected
situations.

Merits

1. Microvascular flaps improve wound vascularity and will survive in hostile
wound beds that are grossly contaminated with saliva and infection.

2. Repair of complex wounds requires fewer procedures and a shorter
hospital stay.

3. Microvascular bone survives completely even in irradiated and saliva-
contaminated wounds.

4. Microvascular free tissue transfer is the method of choice to reconstruct
anterior mandibular, circumferential cervical esophageal, total and
subtotal scalp, extensive cranial base, and large orofacial defects.

5. The combination of a composite microvascular flap, prosthetic device(s),
and local flap(s) often produces the best aesthetic and functional outcome.

6. Overall success rates, in terms of flap viability, of over 95% is expected.
7. Donor site morbidity is minimized with proper flap selection.
8. A two-team approach, with separate teams for harvesting the flap and

removing the tumor, minimizes operative time.

Overview
Despite the availability of numerous microvascular tissue flaps, only a few are rou-
tinely used in the head and neck including the radial forearm, fibula, rectus, scapula,
latissimus, jejunum, iliac crest, and gracilis. The radial forearm or so-called ‘Chinese’
flap was first described by Yang et al. in 1981 (43). It provides thin pliable fasciocu-
taneous tissue from the ventral wrist and forearm based on the radial artery, cephalic
vein, and medial and lateral antebrachial cutaneous nerves. The proximal fibrofatty
tissue in the forearm can also be harvested for augmentation or coverage in selected
cases. The radial forearm flap can also be harvested with a portion of the underlying
radial bone. However, pathological fracture of the radial bone is a significant risk
despite prolonged cast immobilization. Considering the variety of alternative donor
sites for vascularized bone, radial bone harvest is rarely warranted.

The fibula, scapula, and iliac crest are used nearly exclusively for bony defects
in the head and neck. The fibular osteocutaneous free flap was originally described
for use in mandibular reconstruction by Hidalgo et al. in 1989 (44). The fibula is a
tubular, primarily cortical, bone and is the longest available microvascular bone for
mandibular reconstruction (26 cm). Since the bone is perfectly straight, several
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osteotomies are usually required, especially if it is being used to replace the mandib-
ular symphysis. The blood supply to the bone is based on the peroneal artery and
vena comitantes. Septocutaneous vascular twigs from the peroneal artery course pos-
terior to the fibular bone and enter the posterior crural intermuscular septum to
nourish the skin of the lateral leg. A skin paddle can be harvested with the fibular
bone up to 6 cm wide along the entire length of harvested bone. Wider skin paddles
leave a donor site that must be reconstructed with a skin graft. Sensory reinnervation
is possible if the lateral sural cutaneous nerve is harvested with the skin paddle (45).
Donor site morbidity is minimal and full unassisted ambulation is expected within 2–
3 weeks postoperatively.

The scapular osteocutaneous flap was originally described by Swartz et al. in
1986 for mandibular reconstruction (46). The lateral border of the scapula provides
approximately 16 cm of straight elliptical bone based on the circumflex scapula
artery and vena comitantes. Large independent skin paddles can be harvested (trans-
verse and parascapular fasciocutaneous flaps) with or without the underlying bone.
The angular artery, a branch of the artery to the serratus muscle, additionally
nourishes the distal third of the scapular bone. This artery should be preserved if
a distal osteotomy is planned. Although the osteocutaneous scapular flap and the
latissimus–serratus flaps can be harvested together based on the subscapular artery,
this large flap is rarely needed. The donor site is rarely troublesome.

Taylor described the iliac crest osteocutaneous flap in 1982 for mandibular
reconstruction (47). The iliac crest provides vascularized bone up to 16 cm in length
that is naturally curved, lessening the need for osteotomies. The bone and overlying
skin are based on the deep circumflex iliac artery. The overlying skin receives nour-
ishment from septocutaneous branches, similarly to the osteocutaneous fibular flap.
The bone height and cortical:cancellous ratio closely match the native mandible. The
skin component of the iliac crest flap is excessively thick when it is used to cover the
free edge of the bone intraorally, which is similar to the problems encountered with
the skin components of the scapula and fibula flaps. Thick tissue over the neoalveo-
lus impedes the placement of osseointegrated implants and implant-borne dentures.
To avoid this problem, it is possible to harvest a portion of the thin internal oblique
muscle with the iliac crest bone and skin based on the ascending branch of the deep
circumflex iliac artery. The muscle can be draped over the neoalveolus and allowed
to re-epithelialize providing improved contour to the neoalveolus that more closely
matches the natural alveolus. Although the iliac crest flap is an excellent substitute
for native mandible, there is significant donor site morbidity, which is the main
drawback to using this flap. Chronic pain and difficulty walking are common, at
least for the first several months postoperatively. There is also a risk of hernia
and bowel injury. The significant morbidity associated with flap harvest has consid-
erably lessened the initial enthusiasm for its use.

Tansini first described the latissimus musculocutaneous flap as a pedicled flap
for breast reconstruction in 1896; Maxwell et al. subsequently described it as a free
flap in 1978 (15). The flap is supplied by the thoracodorsal artery and vein and the
thoracodorsal motor nerve. The full muscle and overlying skin are more often indi-
cated for extensive traumatic or oncological trunk or extremity wounds. The thora-
codorsal nerve may be harvested with a portion of the muscle to maintain bulk and
achieve movement. Donor site morbidity is usually minimal; however, the site is
prone to delayed healing and seroma formation.
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The rectus abdominis musculocutaneous free flap was first described in 1980
for an infraclavicular defect and in 1984 for use in the head and neck (48,49). The
flap is based on the deep inferior epigastric artery and vein. The cutaneous compo-
nent can be bulky with a substantial amount of subcutaneous fat that varies at the
recipient site based on the patient’s adiposity. Despite the size of the skin paddle, it
can be sustained by a single periumbilical vascular perforator. Therefore, this so-
called ‘perforator flap’ can be transferred with almost no underlying muscle except
a muscular cuff around the lone vascular perforator. The motor supply is segmental,
with short nerve twigs entering the lateral aspect of each rectus muscle. The multiple
tendinous inscriptions limit muscle excursion, making it ineffective for facial reani-
mation. Donor site morbidity is minimal; however, hernia can occur especially if
the anterior rectus sheath is not preserved below the arcuate line.

Seidenberg et al. first used the jejunal flap clinically to reconstruct a cervical
esophageal defect in 1959. The flap fared well but the patient died of a stroke on
postoperative day 5. The jejunal flap consists of a segment of jejunum 3 feet beyond
the ligament of Treitz. The vascular supply is based on the mesenteric arterial arcade
from the superior mesenteric artery and vein. The jejunal flap may be left intact and
used as a conduit or split along its antimesenteric border and used as a patch. The
revascularized jejunum actively secretes mucous and this attribute has been espoused
for irradiated recipient sites.

Harii et al. introduced the gracilis free flap in 1976 for the surgical treatment of
facial paralysis (50). It provides a tubular muscle innervated by multiple neural fas-
cicles from the anterior division of the obturator nerve. The blood supply is from the
medial femoral circumflex artery (a branch of the profunda femoris artery). The gra-
cilis muscle, as is the case with all microvascular flaps for facial paralysis, is reserved
for patients with absent or nonviable facial musculature. The obturator nerve is ana-
stomosed to a motor nerve in the recipient site, most commonly the hypoglossal
nerve or a previously placed cross-facial nerve graft. Cross-facial nerve grafting must
precede microvascular flap transfer by several months to allow time for the regener-
ating axons to reach the recipient site. Although donor site morbidity is negligible
regarding the gracilis muscle, sural nerve harvest leaves the patient with permanent
numbness and paresthesia over the lateral foot. The diameters of the artery (1–2mm)
and the vein (1–1.5mm) to the gracilis muscle are relatively small, making the micro-
vascular anastomosis more difficult. A potential complication of flap harvest is
paralysis of the adductor muscles of the extremity if the obturator nerve is taken
too proximally but this is extremely rare. The latissimus muscle–thoracodorsal nerve
flap may obviate the need for two stages by providing a sufficient length of nerve to
reach the opposite donor facial nerve without the need for an intervening avascular
nerve graft. Early experience with this technique appears promising, with good
return of function within 8 months.

Microvascular Technique
Microsurgery describes a surgical procedure performed under the magnification of a
surgical microscope. Although the vast majority of vessel anastomoses involving free
tissue transfer are performed with the aid of a microscope (6–25�), surgical loupe
magnification (2.5–3.5�) may be adequate for larger vessels with diameters over
2.0mm. The microscope should be configured with dual heads with stereovision to
allow an assistant to be seated across the operating table (Fig. 22). Thorough
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attention to detail and meticulous atraumatic technique are essential components of
success in microvascular surgery. Appropriate microvascular instrumentation is
essential including straight jewelers forceps, a straight or curved microneedle holder,
straight and curved microscissors, a vessel dilator, a clamp applicator, and a
microbipolar (Fig. 23). An assortment of microvascular clamps should be available
with closing pressures less than 30 g=mm2. The clinical instruments should be dupli-
cated in a small animal laboratory to facilitate realistic training sessions. The novice
microvascular surgeon should first practice microsurgical techniques using synthetic
vascular material with diameters between 1 and 2.5mm. After the basic skills are
established, the surgeon should advance to the deep inferior epigastric artery and
vein in the rat. Consistent performance resulting in serial patent anastomoses indi-
cates sufficient expertise to proceed into the operating room. The number of labora-
tory training sessions needed varies but approximates 40.

It makes little difference whether the artery or vein is anastomosed first unless
an impediment is created that will present problems with access to the subsequent
anastomosis. End-to-end anastomoses are always done on the arterial side but
end-to-side anastomoses are often performed on the venous side between the donor
vein and the internal jugular vein. It makes no difference at what angle the donor
vein connects to the recipient vein unless the vein is kinked or compressed. The
novice microvascular surgeon should be familiar with the end-to-end microvascular
anastomotic technique.

End-to-end anastomoses begin by meticulous vessel preparation. The vessels
are handled using jewelers forceps by grasping only the adventitia. The closing

Figure 22 Surgically draped dual-headed microscope for microsurgery. The operator’s
oculars (A) are oriented 1808 from the assistant’s oculars (B).
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forces generated by arterial clamps correlate with the extent of intimal injury and
thrombogenic potential. Therefore, vascular occlusion clamps are applied with only
enough pressure to occlude blood flow. The donor and recipient vessels can be
clamped independently or a framed clamp (clamps joined by two parallel bars)
may be used to keep the vessel ends in alignment. The adventitia is strongly throm-
bogenic, so it is removed from around the area of the proposed anastomoses using
the curved microvascular scissors. Heparinized saline irrigation (100 U=cc) is
applied to each lumen to keep them clear of clots and debris. Papaverine
(30–40mg=cc) or 2% lidocaine can be applied to minimize vessel spasm. The vessel
ends are gently dilated with a spatulate dilator forceps. Depending on the diameter
of the vessel, an atraumatic nylon suture is chosen between 8-0 and 10-0. Carrell’s
triangulation method of suture placement is popular. Three stay sutures are placed
initially to approximate the vessel ends 120 degrees apart. As the stay sutures (two
at a time) are pulled taut, the back wall tends to fall away facilitating accurate pla-
cement (Fig. 24). Sutures are placed by continually halving the distance between the
apposing sutures to achieve a watertight seal. The needle must pass through the
media and intima at a right angle approximately two vessel thicknesses away from
the edge. The posterior edge is accessed for suture placement by flipping the vascu-
lar clamps 180 degrees. Problems that may lead to thrombosis include inadvertent
suture placement through the back wall of the vessel, rough handling, failure to

Figure 23 Bird’s eye view of a typical microvascular instrument table. It is a comparatively
simple set-up with straight and curved microvascular needle holders and pick-ups. A 10 cc
syringe is supplied with a 22 gauge angiocatheter for intermittent heparin–saline irrigation. A

variety of microvascular temporary occlusion clips are also supplied in the case on the upper
right corner of the table.
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include a slightly separated intima with the stitch, and inclusion of a significant
amount of adventitia within the vessel lumen. The venous anastomosis is slightly
more difficult than the arterial anastomosis because the walls of the veins are thin-
ner and collapsible; however, fewer sutures are required. The venous clamps are
released first. Arterial leakage is common but will usually subside. Brisk bleeding
will require the placement of additional sutures. Re-endothelialization along the
suture line begins by day 3 and is complete by day 7 in the veins and arteries.

Vessel size mismatch is better tolerated on the venous side where mis-
matches up to 2:1 are acceptable. Cutting the smaller vein at an angle allows
end-to-end approximation but greater mismatches are best handled by an end-
to-side anastomosis. The usual problem on the arterial side is that the donor
artery is much smaller than most of the branches of the external carotid artery.
End-to-side anastomoses are generally not performed on the arterial side because
of technical limitations and connecting to the common or internal carotid system
is contraindicated because of the risk of thrombosis.

Interrupted sutures are preferred but a continuous suture technique is feasible
for both the artery and vein. Continuous suturing is reserved for larger vessels with a
diameter of at least 2mm because the continuous suture narrows the lumen. A con-
tinuous suture technique is most applicable to large veins where slight luminal nar-
row is insignificant and tight approximation is not critical. Interpositional vein grafts
can be used to bridge arterial and venous gaps, with comparable success to single
anastomoses. Vein grafts must be reversed so that the valves do not obstruct flow.

A useful alternative to suture for the venous anastomosis is a stapling device
(e.g., 3M Coupler). The end of each vein is pulled through a plastic ring and spread
over protruding prongs that penetrate and secure the veins. The opposing plastic
rings are approximated and secured by penetration of the prongs into the opposite
ring. These devices are indicated only for the venous anastomosis. Anastomotic time
is significantly reduced and animal studies show that patency rates are equivalent to
hand-sewn anastomoses.

Figure 24 The triangulation method of microvascular suture placement is convenient since
the 120 degree offset of the sutures allows the back wall of the vessel to fall away, thereby
avoiding inadvertent suture placement through it.
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Neurorrhaphy
Often in microvascular surgery it is necessary to perform neural anastomoses to
reconstitute motor or sensory function to the transferred flap tissue. Essentially, a
nerve trunk is a collection of axons (nerve fibers) ensheathed in endoneurium, peri-
neurium, and epineurium. Endoneurium surrounds the individual axons, perineur-
ium encases groups of axons, and epineurium surrounds the perineurium and
ensheaths the entire nerve trunk (Fig. 25). A nerve fascicle is a group of axons
and its perineurium and it is the smallest component of a nerve trunk that can be
used for microneural anastomosis. A monofascicular nerve (e.g., facial nerve trunk)
consists of a single large fascicle ensheathed by epifascicular epineurium. A polyfas-
cicular nerve (e.g., inferior alveolar nerve and lingual nerve) consists of many small
fascicles of varying size with intervening interfascicular perineurium all ensheathed
by epifascicular epineurium. In cases of microvascular transplantation of muscle
for facial paralysis, fascicular (perineural) repairs are done to match precisely the
unique donor motor fascicles to the appropriate division of the facial nerve. For
example, the obturator nerve trunk consists of nerve fascicles that innervate discrete
areas of the gracilis muscle. The epifascicular epineurium is opened and the
individual fascicles are electrically stimulated to define two independent areas of
muscular movement and innervation. The fascicle supplying the part of the muscle
used for the oral commissure is anastomosed to the lower division of the facial nerve.
The fascicle supplying the upper part of the muscle that is used for the eyelids is
anastomosed to the upper division of the facial nerve (or cross-facial nerve graft
from the upper division of the opposite facial nerve).

Epineurium-to-epineurium microneural anastomosis is sufficient in the
majority of cases involving microvascular surgery. Unlike peripheral nerve coapta-
tion after traumatic neurolysis, the topographical precision provided by a perineural
repair is not needed when purely sensory or purely motor nerves are being coapted.
Cutaneous sensory reinnervation is possible using the radial forearm flap and the
fibular osteocutaneous flap. The greatest benefit of sensory reinnervation is found

Figure 25 Layers of a typical peripheral nerve. The nerve fascicles are enveloped in
perineurium that is in turn enveloped in epineurium. Microneural anastomosis is usually
performed at the level of the perineurium.
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in the perioral area to prevent drooling. Sensation around the lips and anterior oral
cavity improves articulation, oral competence, and food bolus manipulation. Sen-
sory reinnervation using the lingual nerve or inferior alveolar nerve results in the
return of all aspects of normal sensation including touch, pressure, temperature,
and pain. An interesting finding is that sensory discrimination may actually be
improved at the recipient site because of the greater cortical representation of the
cranial nerves. Motor reinnervation is possible using the rectus, latissimus, and gra-
cilis muscles. Reinnervation is useful to maintain muscle bulk in cases of tongue
reconstruction and to achieve movement in cases of facial paralysis and tongue base
reconstruction. The ipsilateral facial nerve or a cross-facial nerve graft is used for
cases of microvascular muscle transfer to correct facial paralysis.

The technique of microneurorrhaphy is a precise method of nerve anastomo-
sis ideally resulting in the accurate alignment of nerve sheaths composed of viable
Schwann’s cells to allow free axonal regrowth across the site of coaptation. A ten-
sionless epineural repair is important because the epineurium will stretch impercept-
ibly, separating the underlying nerve fascicles. An epineural repair that results in
prolapsing fascicles may be too tight and should be loosened to allow the fascicles
to lie end to end. Excess nerve fascicles extruding through the suture line should be
trimmed so that regenerating nerve fibers are not directed outside the anastomosis.
If the individual fascicles are sufficiently large, one or two 10-0 approximating
perineural sutures can be used prior to suture coaptation of the epineurium.

Excess adventitia is trimmed from the end of the donor and recipient nerve
trunks under the microscope. Two stay sutures (10-0 or 9-0 nylon) are placed
180 degrees apart through the epineurium of each nerve trunk, with care taken
not to penetrate the underlying nerve fascicles. Subsequent epineural sutures are
placed to allow adequate coaptation. Small nerves may only require four sutures
while larger nerve trunks may require up to eight sutures. Factors associated with
successful neural anastomosis include optimal nerve coaptation, minimal surgical
trauma, and survival of the nerve graft. Survival of the nerve graft is important
because viable Schwann cells are needed for axonal propagation along the nerve
graft. This is usually not an issue with microvascular transfer since the nerves
are revascularized with the rest of the transplant. Schwann cells in nonvascularized
nerve grafts depend upon a healthy vascularized bed for survival. A nonvascular-
ized nerve graft undergoes inosculation and ingrowth of blood vessels in a
process similar to revascularization of a skin graft. Nonvascularized nerve grafts
may not perform well if they are placed on an avascular (e.g., previously
irradiated) bed. In these cases, a vascularized nerve graft should be considered to
maximize neural regeneration (51).

Planning and Implementation
A typical microsurgical case that will involve an extirpative surgical team and a
reconstructive surgical team requires careful planning. Two nursing teams and
instrument sets are required to allow the two surgical teams to operate
simultaneously. The patient is positioned on the operating room table so that the
head and neck is cantilevered away from the base of the table. This usually requires
that the patient’s head be placed at the foot end of the table. If the position of the
patient must be changed during the course of the procedure to allow harvest of the
free flap, this should be anticipated by placing the patient on an appropriately
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conforming mattress (e.g., sand bag). The donor and recipient sites are prepped sepa-
rately. Once the flap is dissected, it is allowed to remain pedicled by its source artery
and vein until needed at the recipient site in the head and neck. Prior to flap release,
the donor vessels should be dissected. The free flap is transferred to the head and
neck and inset before the microvascular anastomosis. Once the flap is inset, the
donor vessels are allowed to drape across the neck in a position that will now be
relatively stable. Recipient vessels should be chosen that closely match the size
and geometric orientation of the donor vessels, unless an end-to-side anastomosis
is planned. The microscope is sterilely draped and brought to the head of table. It
makes no difference whether the artery or vein is anastomosed first. An appropriate
donor artery or vein is chosen, often the facial or superior thyroid vessels, and the
microvascular anastomoses proceed with the aid of the microscope. The microsurgi-
cal instruments are arranged on a separate table with the microvascular clamps,
irrigation solutions, and extra suture. The irrigating solutions consist of heparin
100 units=cc and papaverine 30–40mg=cc and are dispensed through 22 gauge intra-
venous catheters connected to 10 cc syringes. Ischemia time or the elapsed time
between removing the flap from the donor site and re-establishment of blood flow
is recorded but is rarely an issue. The ischemia time during initial flap transfer is
the so-called ‘primary’ ischemia time, while ischemia time during secondary post-
operative ischemic events is termed ‘secondary’ ischemia time. Composite microvas-
cular flaps can endure over 8 h of ischemia time without any loss of viability.
Intestinal flaps including the jejunum may only tolerate as little as 4 h of primary
ischemia time before loss of viability. If a prolonged primary ischemia time is antici-
pated the flap should kept cool at 45–558F.

Vessel Selection in the Difficult Neck
The lack of a suitable recipient vessel may jeopardize successful free tissue transfer.
Common problems include inadequate pedicle length, a lack of suitable veins, arter-
ial mismatch, poor-quality vessels, or a total lack of a suitable artery or vein. Inade-
quate pedicle length can be remedied through the use of reversed vein grafts. Vein
grafts are most commonly obtained from the cephalic vein, external jugular veins,
or from various leg veins. Vein grafts are reversed so that the valves are non
functional. Notably, the use of vein grafts is not associated with an increased inci-
dence of flap loss or thrombosis. If a vein is not available for anastomosis within
the head and neck, the cephalic vein can be divided distally and turned into the head
and neck based on the axillary vein. The cephalic vein is of large caliber and is not
typically within prior surgical or radiation fields.

Arterial mismatch is a common problem when the donor artery is small
(1–1.5mm). The majority of the named vessels from the external carotid artery
and thyrocervical trunk are much larger with a single exception: the ascending phar-
yngeal artery. The ascending pharyngeal artery is often neglected because of its pos-
terior location. It originates posteriorly just beyond the carotid bulb and is not easily
seen. The great advantage of this artery is that its diameter is much smaller than the
other primary branches of the external carotid, yet its flow is very brisk. It is an ideal
recipient artery for flaps with smaller donor arteries.

Finally, in some cases, there are no vessels in the neck that are useable. If a flap
is to be transferred an artery and vein must be brought into the field. Thoracodorsal
vessel transposition provides a practical solution to this problem (52). The thoraco-

264 Dolan



dorsal vascular pedicle provides both arterial and venous components of large cali-
ber (3–4mm for the artery and vein) without manipulation of the carotid system that
may be encased in scar (Fig. 26). This technique possesses several advantages: the
vessels are not in the typical radiation field for head and neck cancer; they are of
sufficient length to reach the lower neck easily; and the necessity for additional
anastomoses is eliminated, thus reducing operating time.

The characteristics and relative qualities of each flap are presented in Table 1.
A star is placed under each characteristic that is considered a favorable quality of the
flap.

Rectus Abdominus

Description

The rectus abdominus is a type III free flap first described for an infraclavicular
defect in 1980 and subsequently described for use in the head and neck in 1984
(48,49). The rectus abdominis muscle is approximately 30� 6 cm originating from
the pubic tubercle and inserting onto the costal cartilages of ribs 5–7 (Fig. 27).
The rectus muscles are enclosed in two layers of fascia: the anterior rectus sheath
and the posterior rectus sheath. The posterior sheath thins considerably below the
arcuate line consisting only of transversalis fascia and is an area predisposed to her-
nia formation after flap harvest.

Indications

The principal indications for the rectus flap include large-volume defects involving
the cranial base, midface, and tongue. It is the flap of choice for extensive anterior
skull base defects for its capacity to seal dural defects (Fig. 28). A rectus musculocu-
taneous flap with multiple paddles is often used for complicated composite radical
maxillectomy defects with orbital exenteration (Fig. 29).

Neurovascular Anatomy

The deep inferior epigastric vascular pedicle arises from the external iliac inferior and
deep to the inguinal ligament and courses superomedially to enter the lateral aspect

Figure 26 Thoracodorsal transposition to supply virgin large-caliber vessels to the neck to
act as recipient vessels for a microvascular free flap. [From Ref. (52).]

Regional and Free Flaps 265



of the rectus muscle near the arcuate line (Fig. 30). Within the vascular pedicle lie the
inferior epigastric artery and the venae comitantes. The musculocutaneous perfora-
tors from the deep inferior epigastric artery tend to follow two vertical parallel lines
that course along the midpoint and lateral border of the muscle. They are most
numerous at the umbilicus (paraumbilical perforators). A single paraumbilical
perforator can supply virtually any size of paramedian or transverse skin paddle
(Fig. 31). The smaller superior epigastric vascular pedicle (the continuation of the
internal mammary artery) enters the rectus muscle superomedially. Although the
flap can be sustained by this pedicle, it is rarely used for microvascular anastomosis
because of deficiencies in pedicle size and length. The motor nerve supply is segmen-
tal originating from the T7 through T12 intercostal nerves along the muscle’s lateral
border.

Surgical Highlights

The patient is placed supine. The deep inferior epigastric artery is marked originating
superior to the inguinal ligament and entering the deep inferolateral portion of the
muscle midway between the umbilicus and pubic symphysis. The lateral extent of
the muscle is approximately 10 cm from the midline.

The choice of skin incision depends on whether a muscle-only flap or a muscu-
locutaneous flap is required. A muscle-only flap can be harvested through a parame-
dian vertical incision or a low transverse Pfannenstiel-type incision. A skin paddle
can be oriented along the surface of the muscle (vertically) or transversely across
the midline, depending on the needs at the recipient site. For example, one option

Table 1 Characteristics of Free Flaps

SimHarvest PedLength VDiam ADiam EHarvest DSMorb Sensory Motor

Rectus abdominis Z Z Z Z Z Z Z
Pectoralis minor Z Z Z
Gracilis Z Z Z Z Z
Fibular osteocutaneous Z Z Z Z Z
Radial forearm Z Z Z Z Z
Scapular system of flaps Z Z Z
Dorsalis pedis Z Z
Iliac osteocutaneous Z Z Z
Lateral arm Z Z Z Z Z Z
Lateral thigh Z Z Z Z Z
Omental=gastro-omental Z Z Z Z Z
Jejunal Z Z Z Z

SimHarvest: The flap can be harvested simultaneously while the head and neck donor site is being

prepared or extirpated thereby significantly reducing operative time.

PedLength: Pedicle lengths of over 6 cm are favorable to reach most donor vessels in the head and

neck.

VDiam=ADiam: Arterial and venous diameters over 1.5mm make microvascular anastomoses less

technically demanding.

EHarvest: The overall ease of harvest describes whether the patient must be repositioned to harvest

the flap or if the dissection is tedious and time-consuming.

DSMorb: Trouble-free donor site with regard to aesthetics and function = low risk of postoperative

morbidity.

Sensory: The ability to re-establish sensation via neurorrhaphy.

Motor: A motor nerve is associated with the flap for reinnervation.

Z
Z
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for reconstruction of a total tongue defect requires a musculocutaneous rectus flap
with an overlying skin paddle oriented vertically along the surface of the muscle.
This allows the transversely oriented tendinous inscriptions to be sutured to the
mandible for support of the skin paddle. The skin paddle should be based on an ipsi-
lateral periumbilical perforator. If a very long skin paddle is required (> 20 cm) it
should be oriented vertically along a line from the lateral border of the muscle to
the tip of the scapula (Fig. 32). There is a hardy subdermal plexus along this line that
allows the distal paddle to survive.

Harvesting a muscle-only flap does not require sacrifice of the anterior rectus
sheath and the risk of postoperative hernia is low. However, skin harvest will require
removal of a portion of the anterior rectus sheath and the risk of postoperative her-
nia formation increases. This is particularly relevant in cases that involve sacrifice of
the anterior rectus sheath below the arcuate line where the posterior sheath of the
rectus abdominis is deficient. Dehiscence of the anterior rectus sheath is avoided
by meticulous dissection around the tendinous inscriptions and sacrificing only the
portion of the rectus sheath that immediately surrounds the major perforating
arteries. If the anterior rectus sheath is deficient below the arcuate line, a synthetic
mesh may be used to reinforce the abdominal wall.

The inferior epigastric artery and its venae comitantes are found along the lat-
eral aspect of the muscle below the arcuate line and dissected inferiorly to their origin

Figure 27 The rectus muscle free flap freed from its tendinous insertions. Note the position
of the deep inferior epigastric vessels coursing superomedially inferior to the arcurate line.
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at the external iliac vessels. A vascular loop is placed around the vessels and they are
divided distal to their origin as a final step in harvesting the flap. A segment of muscle
between the tendinous inscriptions may be reanimated by harvesting the intercostal
nerve to that segment and connecting it to a motor nerve at the recipient site.

For a muscle-only harvest, the anterior rectus sheet may be split vertically over
the middle of the muscle or along its lateral border. The sheath is tightly adherent to
the tendinous inscriptions on the muscle and must be sharply divided.

Much of the anterior sheath can be preserved since only the sheath surrounding
the perforators need be sacrificed. Only a single perforator is required to support a
large skin paddle and only a small portion of the anterior sheath surrounding the
perforating vessel need be sacrificed.

Advantages

A two-team approach is possible allowing simultaneous extirpation of a head and
neck cancer and harvest of the free flap. The pedicle length is good at 6–8 cm and

Figure 28 A muscle-only rectus flap is commonly used in skull base surgery to resurface the

inferior and inferolateral aspects of the brain, providing separation of the cranial contents
from the nose and infratemporal fossa. Typically, the superficial temporal vessels serve to
nourish the flap.
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the vessel diameters are very large (2–3mm), making the microvascular portion of
the procedure straightforward. In fact, the rectus free flap is the most reliable free
tissue transplant in terms of survival. The large adipose component of the musculo-
cutaneous flap can be used for permanent volume replacement because, unlike mus-
cle, revascularized adipose tissue will not atrophy. This is useful if maintenance of
bulk is desirable such as in tongue reconstruction. The tendinous inscriptions can
be sutured to the mandible to support the neotongue. Although the segmentally
oriented motor nerve supply can be used, the minimal movement achieved for ton-
gue reconstruction is probably of no benefit to speech and swallowing.

Disadvantages

The thickness of the skin paddle at the recipient site varies with the patient’s habitus.
Careless dissection below the arcuate line, resulting in sacrifice of the anterior rectus
sheath, can result in abdominal laxity or hernia. The segmental nerve supply and its
poor excursion limits it use for a functional muscle transplant. The skin color is a
poor match for the head and neck.

Pectoralis Minor

Description

The pectoralis minor muscle free flap was originally described in 1982 for facial reani-
mation (53). The muscle is flat and thin with several muscular slips taking origin from

Figure 29 A common use for the musculocutaneous rectus flap is to close extensive complex
combined orbit, palate, and maxillary defects. The flap is designed to provide skin coverage
over the orbit and cheek, lateral nasal wall, and palate.
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Figure 31 Transverse rectus abdominis flap. Note that the flap is primarily subcutaneous fat
and skin. One or two periumbilical perforators supply the entire flap including the large
portion extending over the midline. As with all musculocutaneous rectus flaps, only a small

segment of the anterior rectus sheath need be sacrificed: just enough to accommodate the
vascular perforators.

Figure 30 Blood supply to the rectus muscle. Note the deep inferior epigastric vessels

(arrow) entering the undersurface of the inferior aspect of the rectus muscle. The lateral aspect
of the rectus muscle is slightly retracted to expose the vasculature.
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the third through the fifth ribs and converging to insert onto the coracoid process of
the scapula. Themuscular slips are 10–14 cm long in the adult and 6–10 cm in the child.
Cross-facial nerve grafting is usually required several months prior to flap transfer.

Indications

According to its originator, the pectoralis minor muscle is best suited for develop-
mental facial paralysis in young children. Muscle size and length are ideal in a 4-
or 5-year-old. The flap is often unsuitably thick in adult patients with well-developed
upper torso muscles.

Neurovascular Anatomy

A small branch of the lateral pectoral nerve innervates the upper muscular slip while
the medial pectoral nerve supplies the remaining muscular slips. The main trunk of
the lateral pectoral nerve passes through the minor muscle to supply the pectoralis
major muscle. The blood supply is variable and dual: superomedially from the thor-
acoacromial artery and vein and inferolaterally from the lateral thoracic artery and
vein (Fig. 33). The dominant vascular pedicle is usually the lateral thoracic contribu-
tion and the arterial diameter is less than 1mm. The venous anatomy is variable.
A separate suitable vein or the vena comitantes is available for anastomosis.

Surgical Highlights

Since the pectoralis minor muscle is a deep structure, there are no surface landmarks
except those relating to the relative position of the pectoralis major muscle and cor-
acoid process. The access incision is placed along the anterior axillary fold. Dissec-

Figure 32 Orientation of long skin paddle for rectus flap. It is oriented vertically along a line
from the lateral border of the muscle (five-pointed star) to the tip of the scapula (four-pointed
star).
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tion proceeds to the lateral border of the pectoralis major muscle where the lateral
thoracic vascular pedicle is identified. The lateral thoracic pedicle is followed to its
branch to the pectoralis minor muscle. The muscle is dissected along its outer and
inner surfaces to expose the pectoral nerves, veins, and thoracoacromial vascular
pedicle. The dominant vascular structures are noted and preserved. Prior to flap har-
vest, fine silk sutures are placed in exactly 1 cm increments along the inferior border
of the muscle corresponding to the inferior-most muscular slip. These sutures mark
the in situ tension of the muscle. The harvested muscle is placed over a template from
the face and stretched to approximate the desired resting tension. The template
serves to gauge the distances between the body of the zygoma (insertion point of
the proximal muscle) and the insertion points for the muscular slips (alar base, naso-
labial fold, modiolus, and lower lip). The muscular slips are trimmed as needed.
Once the muscle is inset, the microvascular and neural anastomoses can proceed.

Advantages

The pectoralis minor possesses a dual nerve supply allowing independent action of its
upper and lower portions. It is possible to have independent eye and mouth move-
ments. Donor site morbidity is minimal both functionally and cosmetically. Since the
lateral pectoral nerve is sacrificed there will be some minor atrophy of the pectoralis
major muscle.

Disadvantages

This flap should not be used in adult patients with well-developed upper torsos. The
diameter of the donor vessels can be small, making the anastomoses quite challen-

Figure 33 The important neurovascular anatomy of the pectoralis minor muscle flap. Note
how a small branch of the lateral pectoral nerve innervates the upper muscular slip, while the
medial pectoral nerve supplies the remaining muscular slips. The dominant vascular pedicle is

usually the lateral thoracic artery.
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ging. There is significant variability in the vascularity of the pectoralis minor muscle.
Although the excursion (degree of contraction) is adequate, the gracilis muscle may
be better in this regard.

Gracilis

Description

The gracilis is a type II flap first introduced into clinical practice in 1976 by Harii
et al. for the treatment of facial paralysis (50). The gracilis muscle lies directly
posterior to the great saphenous vein and takes its origin from the pubic tubercle
and inserts on the upper tibia. The gracilis muscular and musculocutaneous free
flaps have limited application for voluminous defects of the head and neck. They
are of primary importance for facial reanimation, due to the muscle’s segmental
motor supply and excellent contraction characteristics (large excursion). Indivi-
dual branches of the motor nerve innervate separate territories of the gracilis
muscle allowing independent contraction of each territory depending upon the
selected neural anastomoses in the recipient bed. The upper inner thigh skin over
the gracilis muscle can be harvested for limited defects in the head and neck.

Indications

The principal indication for the gracilis free flap in head and neck reconstruction is
for secondary facial reanimation or primary reconstruction of lateral facial defects
that include the mimetic musculature (Fig. 34). The motor nerves of the gracilis mus-
cle can be reinnervated through anastomoses with either the facial nerve stump or a
previously placed cross-facial nerve graft.

Neurovascular Anatomy

The arterial supply is from the medial femoral circumflex artery (a branch of the pro-
funda femoris artery). The artery courses between the adductor longus and adductor
brevis muscles to reach the middle third of the gracilis muscle. The diameter of the
artery is between 1 and 2mm and the diameter of the accompanying vena comitantes

Figure 34 Typical configuration for a free gracilis muscle flap to correct facial palsy. The
muscle is anchored along the zygoma and sutured into the modiolus. A cross-facial nerve graft
was previously placed and anastomosed with the anterior branch of the obturator nerve.
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is between 1 and 1.5mm. Multiple musculocutaneous perforators supply the overly-
ing skin. No sensory component is described. The motor nerve is derived from the
anterior branch of the obturator nerve (Fig. 35). The obturator nerve splits into a
posterior branch that passes under the adductor brevis muscle and an anterior
branch that passes superficial to this muscle on its way to the gracilis muscle. Prior
to entering the muscle, the anterior branch of the obturator nerve divides into several
branches that innervate distinct longitudinal segments of gracilis muscle.

Surgical Highlights

The gracilis muscle is easily harvested with the patient in a supine position and the
lower limb in a flexed and abducted position exposing the inner thigh. A linear inci-
sion is made over the muscle along a line tangent to the pubis and medial condyle of
the tibia. The intermuscular septum between the gracilis muscle and adductor longus
muscle is identified, and the skin and subcutaneous tissues are dissected off the gra-
cilis. The vascular pedicle (medial femoral circumflex artery and vein) is noted enter-
ing the anterior aspect of the gracilis muscle posterior to the adductor longus muscle.
The anterior branch of the obturator nerve is also noted along the posterior border
of the adductor longus muscle splitting to innervate several longitudinal muscular
fascicles separately upon entering the gracilis muscle. If only a single functional unit
is needed, only the anterior longitudinal half of the muscle is harvested since the vas-
cular pedicle enters this portion. The neurovascular pedicles are dissected proximally
and divided. Prior to release of the muscle distally and proximally, several shallow

Figure 35 The neurovascular anatomy of the gracilis free flap. Note the anterior branch of

the obturator nerve entering the deep aspect of the gracilis muscle. The medial femoral
circumflex vessels supply the flap.
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sutures are placed through the muscular fascia exactly 1 cm apart to mark the resting
tension of the muscle. The muscle is re-expanded in the face during insetting to
approximate the resting tension marked by the sutures. Cross-face nerve grafting
is usually required several months prior to flap transfer. The hypoglossal nerve
can also be used.

Advantages

A two-team approach is possible. If peripheral branches of the facial nerve are
available, or if the recipient bed has been prepared with cross-facial grafts, localized
facial movements are possible. The vascular pedicle length is between 6 and 8 cm.
The donor site morbidity is negligible with a hidden scar.

Disadvantages

The diameters of the artery (1.2–1.8mm) and the vein (1–1.5mm) are relatively
small. A potential complication is paralysis of the adductor muscles if the obturator
nerve is taken too proximally.

Fibula

Description

The fibular osteocutaneous free flap is a type D flap originally described for use in
mandibular reconstruction by Hidalgo et al. in 1989 (44). The fibular bone is com-
posed largely of thick cortical bone and is tubular in shape. It is perfectly straight
and must be osteotomized to fit most mandibular defects. The skin over the lateral
leg can be harvested with the underlying fibular bone as a sensate soft tissue flap.
The width of skin available is up to 6 cm (while still allowing primary closure of
the donor site), and the length of skin available may be up to 25 cm (Fig. 36).

Indications

The osteocutaneous fibular flap is the most commonly used free flap for mandibular
reconstruction and the only microvascular osseous flap that can used to reconstruct
the entire mandible (Fig. 37). It can also be used to reconstruct the upper maxillary
alveolar ridge and, with the skin paddle, can close large oronasal defects associated
with total or subtotal maxillary defects. The skin paddle may be unsuitable for com-
posite tongue defects because its bulkiness and stiffness may impede tongue mobility.
To address this problem, some centers have used dual or in-tandem free tissue trans-
fers using the fibular flap and the radial forearm flap.

Neurovascular Anatomy

The peroneal artery and its vena comitans travel along the inner border of the fibula
to supply its distal two-thirds. An endosteal branch enters near the midfibula but the
bone is supplied primarily through its periosteal attachments. The skin overlying the
posterior crural intermuscular septum (PCIM) is supplied by septocutaneous per-
forators from the peroneal artery that course around the posterior border of the
fibula through the PCIM and musculocutaneous perforators from the peroneal
artery via the soleus muscle (Fig. 38). The septocutaneous perforators tend to be
more numerous in the distal half of the leg. Cuffs of soleus muscle may provide more
soft tissue (although closely adherent to the bone) and will aid in the preservation
and inclusion of these perforators with the flap. The peroneal artery and vena
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comitans are relatively large-diameter vessels: the artery is 2–4mm and the venae
comitantes are 2–3mm each.

The length of the vascular pedicle varies depending on the size of the leg, the
level at which the vascular pedicle branches from the posterior tibial artery, the
length of bone required, and the segment along the length of bone used for recon-
struction. Preoperative vascular studies may be helpful in determining which leg
has the longer vascular pedicle. The middle two-thirds of the fibula (preserving
5 cm proximally and 10 cm distally for knee and ankle stability) provides ample bone
for most mandibular defects. Excess bone can be discarded proximally by first strip-
ping its periosteum and the overlying tissues and cutting away the unneeded bone,
which effectively lengthens the vascular pedicle.

Sadove (1993) first described successful incorporation of a sensory nerve
with the osteocutaneous fibula flap for penile reconstruction (54). The lateral sural

Figure 36 A harvested osteocutaneous fibular free flap temporarily pedicled on the peroneal
vessels. Note the close and broad attachment of the skin paddle to the bone.
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cutaneous (LSC) nerve is the most consistent and accessible donor sensory nerve in
the posterior leg for harvest with the osteocutaneous fibula free flap. Congenital
absence of the LSC nerves is rare, occurring in 1.7–22% of legs (45,55). The origin
of the common LSC nerve from the peroneal nerve is at or above the head of the
fibula (HF). The peroneal nerve is typically identified and traced superiorly to the
common LSC nerve. The diameter of the nerve is approximately 3mm at the HF,
making identification and dissection of the nerve straightforward. However, it is
approximately 1 cm below the skin surface in the subcutaneous tissues, requiring
more dissection than might be anticipated in harvesting a sensory nerve. The
common LSC is then followed inferiorly into the posterior calf to its division into
the medial LSC and lateral LSC (Fig. 39). The level of the division is inconstant,
ranging from 5 cm above to 8 cm below the HF. The medial LSC terminally
arborizes approximately in the midleg and the lateral LSC nerve terminally arborizes

Figure 37 An osseous flap harvested with its proximal vascular pedicle. Note that the
vascular ‘‘mesentery’’ is oriented away from the neoalveolar surface. Closed or open

osteotomies can be made to shape the bone. Closed osteotomies are demonstrated here.
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within 7 cm below the HF. The lateral division is approximately 3 cm medial to the
PCIM and must be incorporated into the design of the skin paddle.

Surgical Highlights

The osteocutaneous fibular flap is harvested simultaneously with the ablative portion
of the procedure with the patient in the supine position and the knee slightly flexed.
A pneumatic tourniquet around the thigh may be used but is not required. The

Figure 38 Fibular septocutaneous perforators (arrows).

Figure 39 Fibular sensory nerves (see text).
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PCIM follows the posterior border of the fibula and is an essential landmark in flap
harvest. It is on a line from the fibular head to the lateral malleolus (the process at
the lateral side of the lower end of the fibula). The skin paddle is typically 6 cm wide
by 6–20 cm long and must lie over the PCIM to accommodate the septocutaneous
vascular perforators that supply the skin of the lateral leg (Fig. 40). The need to har-
vest a very long skin paddle in the hope of capturing a septocutaneous perforator can
be obviated by incising the anterior portion of the skin paddle first and dissecting
down to the PCIM to look for perforators. Once a perforator is identified, a skin
paddle of any size can be designed around it. Prior to dissection of the skin paddle
superiorly, the common peroneal nerve should be identified as it courses anteroinfer-
ior to the head of the fibula.

After the skin paddle is dissected, the peroneus longus and brevis muscles and
the extensor hallucis muscle are retracted anteriorly by carefully incising the longitu-
dinal muscle fibers just outside the periosteum. The anterior tibial vessels and nerve
are encountered and must be preserved. Bone cuts are prepared by carefully dissect-
ing a cuff of periosteum around the circumference of the bone at the desired prox-
imal and distal osteotomy sites, preserving at least 5 cm proximal fibula and 10 cm
distal fibula. The inferior and superior osteotomies free the bone graft laterally since
only the peroneal vessels and interosseus membrane now tether it. The distal pero-
neal vessels are found immediately behind the inferior osteotomy and divided. In
an inferior-to-superior direction, the interosseus septum is divided, greatly freeing
the osteocutaneous unit. Remaining muscular attachments including the soleus,
flexor hallucis longus, and tibialis posterior are divided. A portion of the soleus
and flexor hallucis muscles must be preserved around perforating peroneal musculo-
cutaneous vessels if no purely septocutaneous vessels can be identified to supply the
skin paddle. The flap may remain attached to its vascular pedicle in the leg while the
ablative team is working (Fig. 41). Shaping osteotomies and application of hardware
may also be performed at the donor site. To harvest the flap, the proximal peroneal
vascular pedicle is dissected and taken distal to its branching from the posterior tibial
artery. Dividing the pedicle intact is desirable since dissecting the vena comitans
away from the peroneal artery is tedious and can lead to excessive bleeding.

A suction drain is placed into the wound and the muscles are allowed to fill the
wound passively without suture fixation. The skin is closed primarily or covered with

Figure 40 Fibula surface markings in preparation for harvest of an osteocutaneous flap.
Note that the skin paddle is designed over the distal half of the lateral leg because the
septocutaneous perforators tend to be more numerous in this region.
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a skin graft harvested from the lateral thigh (Fig. 42). A below-the-knee plaster splint
is placed and the leg is kept elevated on a pillow while the patient is supine. Weight
bearing with assistance can be started after 2 days, and full ambulation can begin as
early as 1 week postoperatively.

Advantages

The fibular flap provides the greatest stock of bone for mandibular reconstruction of
any other free bone flap. Recovery is rapid with full ambulation in 1 week and donor
site morbidity is minimal. The skin paddle is reliable with careful dissection and can
be sensate via the lateral sural cutaneous nerve.

Figure 41 Pedicled osteocutaneous flap at donor site. Note the peroneal vessels over the
background material. If desired, shaping osteotomies may be performed while the flap is being
perfused.

Figure 42 Fibular donor site closed. Primary closure is nearly always possible if the width of
the skin flap is kept within 6 cm.
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Disadvantages

The common peroneal nerve may be injured with dissection around the head of the
fibula, resulting in foot drop. However, the nerve is quite large and inadvertent
injury is very uncommon. If the peroneal artery is a significant source of blood sup-
ply to the foot (due to developmental anomaly or peripheral vascular disease),
ischemic complications to the foot may occur postoperatively. A preoperative
angiogram or magnetic resonance angiogram of the leg is obtained to study the
vasculature of the lower leg and rule out significant arterial disease or congenital
anomalies. Dissection of the sensory nerves can be tedious since their anatomy is
inconsistent. The subcutaneous tissue of the lateral leg can be thick, making the skin
paddle bulky and nonpliable. The skin paddle must also remain closely attached to
the bone due to the nature of its blood supply, further limiting its ability to conform
to soft tissue defects at the recipient site. It is not uncommon to observe a few
centimeters of skin slough along the midportion of the incision at the donor site
where the skin edges are brought together under some tension. However, healing
by secondary intention is usually successful in these cases.

The bone often requires several osteotomies to imitate the curvature of a man-
dibular defect. This results in isolated segments of bone that are at risk for ischemic
necrosis. The skin is at risk for ischemic necrosis if septocutaneous perforators are
not included at the time of flap dissection or if these perforators are compressed
by hardware.

Radial Forearm

Description

The radial forearm or so-called ‘Chinese’ flap is a type C fasciocutaneous flap first
described by Yang et al. in 1981 in China (43) (Fig. 43). The flap is an osteofas-
ciocutaneous free flap but the fasciocutaneous portion is most often transferred

Figure 43 A partially harvested fasciocutaneous radial forearm flap showing its underlying
anatomy. Note the cephalic vein, vascular pedicle, palmaris tendon, and antebrachial
cutaneous nerve. The tendon is especially useful for lip reconstruction to support the free edge

of the flap under the new lip.
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without attached bone due to the significant donor site morbidity associated with
bone harvest. The fasciocutaneous component may be up to 10 cm in width by
20 cm in length depending on the available surface area of the volar forearm. It
is possible to include a portion of the underlying radius bone (up to 40% of the
circumference), making this a potential osteocutaneous flap. Harvesting the subcu-
taneous tissue in the proximal forearm adds significant additional bulk.

Indications

The benefits of using the underlying radial bone rarely justify its use, considering the
significant risk of radial bone fracture in the postoperative period. However, the
thin, pliable, and potentially sensate skin is an excellent choice for a variety of sur-
face and deep defects. Virtually any defect over the face and neck can be resurfaced
with a radial forearm free flap. The flap is commonly used for extensive lip, cheek,
and nasal defects. The palmaris tendon can be safely harvested with the flap and is
useful in supporting a newly reconstructed lower lip. An augmented flap is useful for
voluminous tongue defects, medial cheek defects, or for moderately sized anterior
cranial base defects (Fig. 44). A combination of a radial forearm flap and a fibular
flap is useful for composite defects of the tongue, floor of mouth, and mandible. In
cases that require a completely buried flap (pharyngeal reconstruction), an exterior-
ized monitor is used. This is simply an island of skin connected via a subcutaneous
pedicle with the main flap that is sutured into the neck. The exteriorized segment
reflects the vitality of the buried portion of the flap (Fig. 45).

Neurovascular Anatomy

The medial antebrachial and lateral antebrachial cutaneous nerves innervate the skin
of the volar forearm and inclusion of either nerve provides a potentially sensate free
flap (Fig. 46). A commonly used recipient nerve in oral reconstruction is the lingual

Figure 44 De-epithelialized radial forearm free flap with distal marker segment used for
repair of an extensive craniofacial defect. Note the defect with communication of the anterior

cranial fossa and the nasal cavity (A). The flap is placed over the defect and secured (B). The
distal marker skin segment is incorporated into the scalp incision for monitoring purposes.
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nerve. The radial artery and venae comitantes are enveloped by fascial extensions
from the intermuscular septum. The fascio cutaneous component receives its blood
supply from the radial artery via septocutaneous perforators that course through the
lateral intermuscular septum between the brachioradialis and flexi carpi radialis.

Figure 45 Radial forearm free flap for pharyngeal reconstruction with planned marker
segment (arrow) to be incorporated into the neck skin flap.

Figure 46 The radial vessels (A), lateral antebrachial cutaneous nerve (B), and cephalic vein

(C).
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Muscular perforators provide the vascular supply to the underlying periosteum and
radial bone. The vascular pedicle (radial artery and vena comitantes) courses toward
the antecubital fossa to the brachial artery. Dissection and freeing of the vascular
pedicle between the superior flap edge and brachial artery require division of multi-
ple muscular perforators.

The venae comitantes drain a deep venous system that freely communicates
with the superficial system of veins. The much larger superficial venous drainage sys-
tem fully supports venous outflow and can be used in place of or in addition to the
venae comitantes. The superficial cephalic vein over the dorsoradial aspect of the
wrist is most often incorporated.

The presence of an intact circulation between the deep and superficial palmar
arches is important to ensure that the hand is adequately perfused after the radial
artery is sacrificed. The lack of a collateral system may be found in as many as
15% of patients, and can be investigated clinically by performing an Allen’s test
(56). Edgar V. Allen originally described the Allen’s test in 1929 as a noninvasive
evaluation of the patency of the arterial supply to the hand of patients with throm-
boangiitis obliterans. In the early 1950s, the Allen’s test was modified for use as a
test of collateral circulation prior to arterial cannulation (57). With respect to the
forearm free flap, the Allen’s test is used to test the adequacy of the ulnar artery to
supply the hand in the absence of the radial artery. It is performed by elevating the
hand in question above the patient’s head, manually occluding both the radial and
ulnar arteries, dropping the hand to the level of the heart, having the patient open
and close the fist several times, releasing the ulnar artery, and timing the return of
capillary refill to the radial side of the hand. A positive (normal) test should docu-
ment the return of capillary refill after release of the ulnar artery within 6 s. An
Allen’s test is not fail-safe and the adequacy of crossover blood flow between
the ulnar and radial arteries should also be assessed in the operating room before
the radial artery is harvested by temporary occlusion (58). If inadequate crossover
exists, the flap should either be abandoned or the radial artery reconstructed with a
saphenous vein graft.

After flap harvest, the donor site is covered with a skin graft. It is important to
preserve the fragile tendon fascial sheaths (the peritenon) during flap harvest to pro-
vide a vascularized bed for the skin graft.

Surgical Highlights

The design and dimensions of the skin component depend upon the needs at the
donor site. A simple rectangular design of appropriate dimensions will suffice in
the vast majority of cases. A special design such as a bilobe is useful if a combined
floor-of-mouth defect is associated with a hemiglossectomy. If the flap is used for an
extensive base of tongue defect, fascia may be harvested in the mid and upper fore-
arm continuous with the proximal aspect of the flap to fold into the defect for
increased bulk.

A pneumatic tourniquet around the upper arm may be used but is usually
unnecessary. The radial artery should be marked out at the wrist and the flap must
be designed to incorporate this vessel. To incorporate the cephalic vein the flap is
designed to extend over the dorsoradial aspect of the wrist (Fig. 47). The initial inci-
sion should be along the wrist and the radial artery identified. A temporary occlusion
clamp or suture is placed around the artery and, with the tourniquet deflated, the
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Allen’s test should be repeated. If the test is positive, the pedicle can be divided
between clamps and ligated with sutures. The flap may be harvested from lateral
to medial, completely releasing the flap to remain pedicled along its superior border.
The superficial branch of the radial nerve is identified and preserved and the distal
cephalic vein is divided. If needed, the palmaris tendon is easily included by dividing
the tendon near the wrist and keeping the tendon with the flap during the subsequent
dissection. As the flap is dissected the fascia should be taken with the flap while pre-
serving the fine peritenon. A 10–12 cm segment of radius bone (up to 40% of the cir-
cumference) can be harvested starting from 2 to 3 cm behind the styloid process and
proceeding proximally. The bone must be kept attached to the overlying vascular
pedicle and skin to maintain the integrity of the muscular and septocutaneous per-
forators. The proximal and distal bone cuts should be directed at a gentle angle into
the bone (not perpendicular) to lessen the risk of fracture. Superior to the midupper
edge of the flap a gently curved cutaneous incision is made toward the antecubital
fossa. Medial and lateral thin skin flaps are created to expose the underlying sub-
cutaneous tissues and fascia.

The lateral antebrachial cutaneous nerve is very superficial and closely asso-
ciated with the cephalic vein. The cephalic vein is harvested with a cuff of surround-
ing fascia to prevent kinking at the recipient site. Within this fascial cuff lies the
sensory nerve and it may be freed by careful dissection to allow it to be directed away
from the cephalic vein. Dissection of the vascular pedicle commences after the cepha-
lic vein and sensory nerve have been dissected and divided near the antecubital fossa.
The vascular pedicle is released superior to the flap within the volar forearm by
dividing the numerous muscular perforators. The pedicle is dissected to its junction
with the brachial artery, divided between clamps and suture-ligated, and the flap
transferred to the recipient site.

Figure 47 Radial forearm free flap designed and incised to include the cephalic vein (arrow).
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Donor site closure is straightforward, involving primary closure of the incision
over the volar forearm and placement of a split-thickness skin graft over the site of
flap harvest. To prevent desiccation of the superficial radial nerve it should be covered
by medial advancement of the lateral skin. During the initial 7 days postoperatively
a temporary palmar splint is placed to allow care of the wound and to accommodate
the bolster for the skin graft. If bone is harvested, an above-the-elbow cast is placed
after removal of the temporary splint and worn for approximately 2 months.

Advantages

A two-team approach is possible, which significantly decreases operative time. The
radial forearm flap is thin and pliable and relatively hairless. It can be folded upon
itself relatively sharply to imitate the abrupt angles that may be required at the reci-
pient site. It may also be de-epithelialized for both internal and external lining as well
as for limited defects of the cranial base. The radial artery is large (2mm) and the
cephalic vein can be included when harvesting the flap, making the microvascular
anastomoses straightforward.

Disadvantages

Harvesting the underlying radius bone entails several weeks of postoperative cast
immobilization and carries a significant risk of radial bone fracture. The dorsal cuta-
neous branch of the superficial radial nerve courses over the dorsoradial aspect of
the wrist in close association with the cephalic vein. It is at risk when the distal
cephalic vein is divided. Injury results in numbness over the anatomical snuff box,
the thenar eminence, and the dorsoradial and ulnar aspects of the thumb.

The donor site requires a skin graft and the appearance of the site can be
unsightly during healing. Portions of the skin graft will often slough due to movement
or loss of peritenon. It takes several weeks for these areas to heal completely. Never-
theless, even if a tendon is exposed, standardwet-to-dry dressings will be sufficient and
complete healing is expected. Some patients, especially African-Americans, are prone
to hypertrophic scars (Fig. 48). Subcutaneous injection of steroids may be helpful.

Scapula

Description

The scapular system of flaps consists of multiple bone and soft tissue free flaps that
can be harvested alone or in combination based on a single vascular pedicle (the sub-
scapular artery). The most popular is the scapular osteocutaneous flap, which is a
type B flap originally described by Swartz et al. in 1986 for mandibular reconstruc-
tion (46). The circumflex scapular artery and the thoracodorsal artery are the two
main tributaries of the subscapular artery. The circumflex scapular territory includes
the lateral border of the scapula and a 500 cm2 area of overlying skin. The thoraco-
dorsal territory includes the latissimus muscle and the lower slips of the serratus
anterior muscle.

Up to 14 cm lateral border of the scapula can be harvested in men based on the
circumflex scapular artery. Although the entire lateral border of the scapula is sup-
plied by the circumflex scapular artery, the distal third including the tip is addition-
ally supplied by the angular artery from the thoracodorsal system. Preservation of
the thoracodorsal contribution allows the harvest of independent bone segments
and ensures viability of the bone distal to shaping osteotomies. The lateral border
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of the scapula provides a cylindrical segment of corticocancellous bone that is able to
accommodate osseointegrated implants. The diameter of the bone is relatively small
compared to the fibula and iliac crest and it is unable to restore the vertical height of
the mandible in most cases. Conforming dentures will not be successful, but implant-
borne dentures are usually workable.

The fasciocutaneous territory of the circumflex scapular system is extremely
large and nearly all the skin of the upper hemiback can be harvested. However, to
provide for primary closure of the donor site, the flaps must be limited in size:
6� 15 cm transverse flap and up to 12� 20 cm parascapular flap. These flaps
can be separated and manipulated independently on their respective arterial vascular
pedicles (the transverse and descending branches of the circumflex scapular artery).

The thoracodorsal territory includes the latissimus muscle and overlying skin,
and the lower three or four muscular slips of the serratus anterior muscle with the
underlying ribs. The latissimus muscle is an extremely broad and thin muscle with
the potential for motor reinnervation via the thoracodorsal nerve. The skin is highly
dependent upon direct musculocutaneous perforators from the underlying latissimus
muscle and only the skin directly over the muscle should be transferred. The serratus
anterior muscle originates from the first nine ribs, forming independent bands of
muscle that course posterosuperiorly to insert as a broad conjoined tendon onto
the medial and inferior borders of the scapula. The lower three or four muscular slips
can be transferred as free tissue supplied by branches of the thoracodorsal artery and
long thoracic nerve.

Indications

The scapular system of flaps provides a huge amount of tissue with multiple compo-
nents that can be transferred based on a single vascular pedicle (the subscapular
artery). Rarely is such an enormous amount of tissue required. However, such a flap

Figure 48 Hypertrophic scarring that developed several weeks after harvest of a radial

forearm flap in an African-American woman.
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is useful for a combined composite defect of the tongue, floor of mouth, mandible,
and neck skin. The mega flap would consist of a transverse scapular flap (tongue),
a parascapular flap (chin=cheeks), the lateral scapula (mandible), and a musculocu-
taneous latissimus flap (neck) (Fig. 49).

Most patients require only certain components of the scapular system alone or
in combination. The most useful flap within the circumflex scapular system is the
osteocutaneous scapular (parascapular) flap consisting of scapular bone and an
associated fasciocutaneous flap for composite mandibular defects (Fig. 50).
Although the bone is too short for extensive mandibular defects, it is capable of
reconstructing anterior or lateral defects up to 14 cm in length. An osteocutaneous
flap is also suitable for reconstruction of complex composite midfacial defects
(e.g., radical maxillectomy with an overlying cheek defect). The lateral wall of the
nasal cavity and facial skin defect is closed with the parascapular and transverse fas-
ciocutaneous flaps while the alveolar ridge and hard palate are reconstructed with
the scapular bone. The thinner medial portion of the scapula can also be used for
reconstruction of the floor of the orbit.

The fasciocutaneous flaps alone are useful for simple soft tissue coverage,
through-and-through defects of the cheeks, or as a filler or barrier in their fascial
or de-epithelialized forms. The scapular fasciocutaneous flap is a second-line alterna-
tive in covering surface skin defects of the scalp and lateral skull base because of bulk
and color problems (Fig. 51). The combination of transverse and parascapular flaps

Figure 49 The subscapular system of flaps is extensive with multiple components all based

on the subscapular vessels. Although rarely needed, this megaflap includes transverse and
parascapular skin paddles, scapular bone, musculocutaneous latissimus flap, and serratus
muscle and underlying rib.
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is useful for through-and-through defects owing to their capacity for complete
separation and maneuverability. The de-epithelialized or fascial flap is a first-line
alternative for filling subcutaneous deficiencies in the face secondary to trauma or
hemifacial microsomia.

The latissimus musculocutaneous flap is useful for extensive hemifacial or
cervical cutaneous defects. The latissimus muscle with a split-thickness skin graft
is the method of choice for reconstruction of extensive surface defects of the
scalp. A musculocutaneous free tissue transplant is described for functional ton-
gue reconstruction after subtotal or total resection (59). The fibers of the latissi-
mus muscle are oriented transversely and secured to the angles of the mandible to
create a mound of skin and muscle at the level of the soft palate. The thoraco-
dorsal nerve is anastomosed to the hypoglossal nerve and subsequent movement
of the flap towards the soft palate occurs during speech and swallowing. The
movement is quite gross but improvements in articulation and swallowing are
reported compared to patients reconstructed with nonfunctional tissue.

The latissimus muscle has recently been described as a single-stage method
for reanimation of the paralyzed face (60). The thoracodorsal nerve is able to reach
the opposite face (and donor facial nerve branches), obviating the need for cross-
face nerve grafting. In the report by Harii et al., the muscle acquired functionality
at a mean of 7 months postoperatively, which is better than expected based on
clinical experience using nonvascularized nerve grafting techniques. The serratus
anterior muscle is more typical of free muscle transplants for facial reanimation.
The lower three slips of the serratus anterior muscle are useful for facial reanima-
tion. Preservation of the insertions and nerve supply (long thoracic nerve) of the
upper muscular slips is important to prevent winging of the scapula. This will

Figure 50 An osteocutaneous scapular flap. The bone is relatively short compared to the
fibula and iliac crest.
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result in a relatively short nerve pedicle, but preserving the upper long thoracic
nerve must take priority. Cross-face nerve grafting is usually required several
months prior to flap transfer.

The serratus anterior is occasionally harvested with the underlying sixth and
seventh ribs for composite defects in the head and neck. Combined latissimus mus-
cle (with or without skin) and serratus anterior myo-osseous flaps are described
for large composite defects of the mandible and scalp (61). The main benefit of

Figure 51 Scapular fasciocutaneous flap used to resurface a lateral skull defect. Note the
transverse skin flap pedicled on its feeding vessels coming from deep within the triangular

space (upper photo). Intraoperative and postoperative results depicted in lower photos.
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this combination is that the musculocutaneous component can be completely sepa-
rated and maneuvered independently from the myo-osseous component.

Neurovascular Anatomy

The subscapular artery branches within a few millimeters of its origin from the axial
artery into the circumflex scapular artery and the thoracodorsal artery. The triangu-
lar space is the essential anatomical landmark for the system of flaps nourished by
the circumflex scapular artery. The long head of the triceps, teres minor muscle,
and teres major muscle form the boundaries of the space. Deep within the triangular
space, the circumflex artery gives off several ascending and descending branches
along the lateral border of the scapula to supply the periosteum and underlying
bone. As the artery exits the triangle, it divides into transverse and descending
branches to supply the transverse and parascapular fasciocutaneous flaps, respec-
tively. The transverse flap tends to be a slightly better color match to the face and
neck but the dimensions must be smaller than a parascapular flap to allow primary
closure of the donor site. A transverse flap can be up to 6� 15 cm while a parascap-
ular flap can be much larger depending on the size and habitus of the patient. The
length of the vascular pedicle including the subscapular artery ranges from 6 to
8 cm and the individual components (bone and skin flaps) can be freely manipulated
based on their respective vascular pedicles.

The thoracodorsal artery does not exit the triangular space but continues infer-
iorly behind the teres major muscle to travel deep to the latissimus muscle. A branch
to the serratus anterior muscle is found at approximately the inferior border of the
teres major muscle. The angular artery branches off the artery to the serratus to sup-
ply the tip and lower third of the scapula. This portion of the scapula can be har-
vested with the thoracodorsal system or it can be preserved with the circumflex
scapular system. If it is preserved with the circumflex scapular system, the lower
third of the scapula will be vascularized despite osteotomies that would otherwise
place this segment at risk. The artery to the serratus anterior continues on to supply
the lower three or four slips of the serratus anterior. The lateral thoracic artery sup-
plies the upper five slips of the serratus anterior muscle. Injection studies demon-
strate that the thoracodorsal artery provides reliable vascularity to the sixth and
seventh ribs at the origin of the serratus muscle (62). A twig from the long thoracic
nerve and a segmental branch of the artery supply each slip of muscle. The thoraco-
dorsal artery penetrates the deep surface of the latissimus muscle approximately
10 cm from the axillary artery, well inferior to its insertion into the humerus (at
the intertubercular groove). After penetrating the latissimus muscle, the thoracodor-
sal artery splits into a lateral branch that parallels the anterior border of the muscle
and a medial branch that courses inferomedially.

No harvestable sensory nerves are described for any component of the scapular
system. Most components have two veins accompanying the artery (the venae comi-
tantes) that measure between 1.5 and 3mm. The venae comitantes usually merge into
a single large vein near the subscapular artery.

Surgical Highlights

TheFasciocutaneous Flapsand theOsteocutaneous Scapular Flap. As for all of
the scapular flaps, the patient must be placed in the lateral decubitus position for flap
harvest. The ipsilateral arm can be gently supported over a sterilely covered Mayo
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stand with generous cushioning around the elbow. An axillary roll should be placed
under the opposite shoulder and axilla to prevent a neuropraxic injury. The key
surface landmark is the triangular space bounded by the long head of the triceps,
the teres major muscle, and the teres minor muscle (Fig. 52). It is palpated with
the thumb as the axilla is grasped and the arm is extended (Fig. 53). The
circumflex scapular artery passes through this space to supply the transverse and
parascapular fasciocutaneous components. En route through the space, the artery
sends periosteal branches to the lateral border of the scapular. The transverse and
parascapular fasciocutaneous flaps can be harvested as separate components based
on the transverse and descending branches of the circumflex scapular vascular bun-
dle. The lateral aspect of the flap must be placed over the triangular space to capture
the circumflex artery as it exits the triangular space. A parascapular flap, due to its
oblique orientation on the back, can be designed much larger (up to 12 cm� 20 cm)
than its counterpart, the transverse scapular flap, while still allowing primary donor
site closure. Dissection begins medially by raising the flap (including its underlying
fascia) towards the triangular space. The fasciocutaneous vessels (transverse and des-
cending branches of the circumflex scapular) are visualized on the undersurface of
the flap while the thick white deep fascia over the infraspinatus muscle is left undis-
turbed. Once the vessels are seen diving into the triangular space, the fasciocuta-
neous flap is raised circumferentially, pedicled only by its vascular supply (Fig. 54).
The periosteal branches to the scapular bone are divided and the teres minor and
major and triceps muscles are retracted. The circumflex scapular vessels are dissected
to their origin from the subscapular artery where they are divided, thereby harvesting
the skin flap and its attached vascular pedicle.

Figure 52 A large parascapular flap marked over the back. The dimensions of a
parascapular flap can be much greater than a transverse flap, while still allowing for primary
closure of the donor site.

292 Dolan



Figure 53 Seeking the triangular space with the thumb. This is the first step to determine the

exit point of the feeding vessels. The skin flaps must be harvested to include the skin and
subcutaneous tissues over this space.

Figure 54 The transverse scapular flap harvested and pedicled on the circumflex scapular

vessels. Note the origin of the vessels through the triangular space.
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Harvest of an osteocutaneous scapular flap requires that the periosteal
branches to the lateral border of the scapula be preserved while the pedicle is being
dissected toward the subscapular artery. To harvest the bone, a cautery device is
used to incise the teres and infraspinatus muscles sharply along a line approximately
2 cm from the lateral scapular border. The glenoid fossa is palpated and an oscillat-
ing saw is used to cut along the line previously outlined by cautery. A transverse
osteotomy is made 2 cm below the glenoid fossa, thereby completing the bony cuts.
Once the bone is pulled laterally, it will be noted that muscular slips from the serra-
tus anterior and subscapularis must also be divided with cautery. The angular artery
enters the tip of the scapula and should be preserved if conforming osteotomies are
planned. This artery is a branch from the artery to the serratus anterior muscle (a
division of the thoracodorsal artery). The artery to the serratus muscle is divided dis-
tal to the take-off of the angular branch (Fig. 55). The osteocutaneous flap is finally
freed by dividing the subscapular artery. The circumflex scapular and thoracodorsal
arteries should be carefully preserved. After harvesting the flap, the cut teres muscles

Figure 55 The parascapular skin flap harvested with the scapular bone (osteocutaneous
scapular flap). Note that the bone consists of only the lateral border of the scapular bone. The

bone along the tip of the scapular is prone to necrosis only if a shaping osteotomy is created
that isolates the tip from its vascular supply. To ensure adequate vascularity of this segment of
bone in the event of osteotomy, the angular artery should be preserved (see text).
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are not sutured together but are left in situ to prevent shoulder stiffness postopera-
tively. The serratus muscle fibers may be reattached to the inferior aspect of the
scapula to stabilize this structure, if needed.

TheLatissimusMusculocutaneous Flap. The latissimus muscle is harvested via
an access incision along the posterior axillary fold. The extent of the incision depends
on the volume of muscle to be harvested and whether a muscle-only or a musculo-
cutaneous flap is planned (Fig. 56). The anterior border of the muscle is retracted
and the neurovascular anatomy is exposed (Figs. 57, 58). If a segment of muscle is
going to be used for facial reanimation, the thoracodorsal nerve is dissected free
and traced superiorly to deep within the axilla near the axillary artery. Additional
length on the nerve can be achieved by dissection of the nerve distally toward the
muscle and division of small twigs until the main body of the nerve actually pene-
trates the segment of muscle that will be transferred. The length of nerve that can
be harvested is up to 15 cm. The segment of muscle should be 3–4 cm wide by 8–
10 cm long, with the direction of the fibers paralleling the long axis. The vascular
pedicle is dissected proximally to the subscapular artery and divided. The muscle
is inset into the face in the typical manner (see section on gracilis muscle) from
the zygoma to the modiolus and inferior lip. The thoracodorsal nerve is placed
through a subcutaneous pocket in the upper lip to the preauricular area over the
opposite cheek. The thoracodorsal nerve is anastomosed end-to-end with two or
three buccal branches of the facial nerve.

When harvesting the latissimus muscle with or without the overlying skin, the
thoracodorsal vascular pedicle should be identified first through the upper part of
the access incision. This simplifies the dissection because the vascular pedicle enters
the muscle well inferior to, and at a variable distance from, its insertion into the
upper humerus. A muscle-only flap is harvested by dissecting the subcutaneous
tissues of the surface of the latissimus muscle while identifying the entire anterior

Figure 56 After a lengthy longitudinal incision along the axillary fold corresponding to the
anterior border of the latissimus muscle, anterior and posterior subcutaneous flaps are raised
over the muscle outside the intended skin paddle. The skin paddle must be of sufficient size to
capture the terminal musculocutaneous vessels that nourish it.
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edge of the muscle. The thoracodorsal pedicle is identified as mentioned by retracting
the humeral head of the muscle and a vessel loop is placed around the vascular pedi-
cle. The natural tissue plane between the underlying muscles and fascia including the
serratus muscle is bluntly dissected. The vascular pedicle is separated from the thor-
acodorsal nerve and dissected superiorly to the subscapular artery after the branch to
the serratus muscle is divided. The humeral head of the muscle is divided using cau-
tery. The muscle is freed by dividing its inferomedial insertions and, finally, dividing
the subscapular artery and thoracodorsal nerve.

To harvest a musculocutaneous flap, a skin island is designed that is completely
within the boundary of the latissimus muscle since any portion of the skin that
extends beyond the muscle is subject to ischemia and necrosis. The skin paddle
should be no less than 25 cm2 to ensure the inclusion of sufficient musculocutaneous
perforating vessels. The outline of the skin island is sharply incised to (not through)
the underlying muscle. A subcutaneous dissection over the muscle proceeds outside
the borders of the skin island. The anterior edge of the latissimus muscle is identified
through the posterior axillary incision and the dissection proceeds as in a muscle-
only harvest.

Primary closure over one or two large suction drains is typical. The subcuta-
neous tissues are closed with strong absorbable sutures and the skin is closed with
staples supplemented with horizontal mattress nonabsorbable sutures. This harvest
site is especially prone to the formation of seromas; therefore, the drains should
remain in place for 10 days. Some collection of fluid is to be expected after the drains
are removed but the strong closure should prevent dehiscence of the wound.

TheSerratusAnteriorMuscle forFacialReanimation. The anterior border of the
latissimus muscle is identified through the posterior axillary fold incision. The serra-
tus muscle is exposed by posterior retraction of the latissimus muscle, blunt dissec-
tion, and subcutaneous dissection over the muscle itself. The neurovascular
components are easily identified since they enter the muscle from its outer surface.

Figure 57 Retraction of the anterior border of the latissimus muscle uncovers the relevant
neurovascular anatomy. Note the surface neurovascular structures over the serratus muscle

including the long thoracic nerve and serratus vessels. The thoracodorsal vessels supplying the
latissimus muscle are large and easily identified.
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The thoracodorsal vessels are divided distal to the take-off of the serratus branch. The
serratus branch supplies only the lower three or four slips of the muscle and these slips
of muscle will be harvested. The long thoracic nerve is split with respect to its segmen-
tal innervation of each muscular slip with the aid of a nerve stimulator. The muscular
slips to be harvested are separated from their site of origin (underlying rib) and inser-
tion (scapula) and freed (Fig. 58). The thoracodorsal nerve is divided proximally and
the serratus and thoracodorsal vessels are dissected towards the subscapular artery
and divided. Donor site closure is accomplished through simple layered approxima-
tion of the subcutaneous and cutaneous tissues over a suction drain.

The slips of the serratus muscle can be used to rehabilitate separate functioning
units of the face. Cross-face nerve grafting is usually required several months prior to
flap transfer. Immediate anastomosis with the hypoglossal nerve is also described (63).

Advantages

Advantages to the scapular flap include pedicle length, vessel diameter, donor site
morbidity, and versatility. Perhaps the most important characteristic of the scapula
free flap is the ability to use several composite tissues based on a single vascular pedi-
cle for the reconstruction of very large and complex three-dimensional defects.

Figure 58 The relevant neurovascular anatomy of the serratus flap. Note that the nerves
and vessels enter the muscle from its outer surface. The serratus branch of the thoracodorsal

artery supplies only the lower three or four slips of the muscle and these slips of muscle will be
harvested.
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Disadvantages

Disadvantages include the inability simultaneously to harvest the flap with the extir-
pative portion of the procedure, lack of sensory reinnervation, thin and short scap-
ular bone (especially in female patients), and often bulky skin paddles. The main
disadvantage accounting for the lack of widespread use of this flap is the difficulty
in performing this dissection coincidentally with the ablative surgery. In addition,
the bone tends to be significantly thinner than the iliac crest and fibula, making
osseointegration more tenuous. Bone length also falls well short of that of the fibula
and cannot be used to reconstruct anything more that an anterior arch or lateral seg-
mental mandibular defect.

Dorsalis Pedis

Description

The dorsalis pedis flap is an osteomusculocutaneous flap with the cutaneous portion
supplied by a direct cutaneous artery passing through the extensor hallucis brevis
muscle. The skin component extends from the dorsum of the foot: from the ankle
crease to the toe web spaces (64). The dorsalis pedis flap may be harvested as a
skin–fascial flap only or may be a composite flap to include tendons, innervated
muscle (extensor digitorum brevis), bone (second metatarsal), and whole digits or
joints (Fig. 59).

Prior to flap elevation, the dorsalis pedis pulse should be verified by palpation,
and the course of the superficial venous system is outlined for incision planning. The
presence of a first dorsal metatarsal artery should also be confirmed with Doppler
ultrasound—(arteriography is unnecessary). The flap is usually harvested distal to
proximal to include the first dorsal metatarsal artery and the dorsalis pedis artery
while preserving the superficial venous system. Inclusion of the second metatarsal
bone requires that the periosteal blood supply remain intact beneath the artery.
The extensor retinaculum is divided proximally and the anterior tibial artery is dis-
sected as needed for pedicle length. Preservation of the fine peritenon is important
since the donor site must be closed with a skin graft.

Indications

The dorsalis pedis flap is most often used in hand reconstruction. In the head and
neck, intraoral defects requiring thin and mobile skin may be reconstructed with this
flap similarly to areas that may be reconstructed with a radial forearm flap. The skin
also conforms well to external facial defects including those involving the nose, lip,
and orbit. Limited segmental mandibular defects (< 6 cm) may be reconstructed using
the second metatarsal bone. This bone may also be used as a cantilevered bone graft
for nasal reconstruction. Replacement of the temporomandibular joint with the sec-
ond metatarsal joint is also described (65). The extensor digitorum brevis muscle
may be used for facial reanimation, although other flaps aremore useful in this regard.

Neurovascular Anatomy

The dorsalis pedis artery (an extension of the anterior tibial artery under the extensor
retinaculum) and, the first dorsal metatarsal branch supply the flap. The venous
drainage consists of a deep system (the venae comitantes that accompany the dorsa-
lis pedis artery) and a superficial system in the subcutaneous substance of the flap
that coalesce medially to form the long saphenous vein. The sensory supply to the
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skin is from terminal branches of the superficial peroneal nerve proximally and
minor branches of the deep peroneal nerve distally. The motor supply to the extensor
digitorum brevis is from tributaries of the deep peroneal nerve and its blood supply is
from lateral tarsal branches of the dorsalis pedis artery.

Advantages

A two-team approach is possible and significantly reduces operative time. The vas-
cular pedicle is quite long and can be extended if the anterior tibial artery is har-
vested. The vessel diameters are large (the artery diameter approaches 3mm). The
skin is very thin, pliable, hairless, and potentially sensate.

Disadvantages

The primary disadvantage to the dorsalis pedis flap is donor site morbidity.
Delayed wound healing and poor skin graft take are common problems. The flap
is contraindicated for patients with poor wound healing potential including dia-
betic patients or those with peripheral vascular disease. The anatomy of the first
dorsal metatarsal artery is variable and may be absent in 14% of patients, putting
the survival of the distal part of the flap in jeopardy (66). There is a poor skin
color match to the facial skin. The extensor digitorum brevis muscle is weak and
is a relatively poor choice for facial reanimation.

Figure 59 Surgical anatomy of the little-used dorsalis pedis flap. Note the vascular supply of
this flap as the dorsalis pedis artery and vein.
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Iliac

Description

Taylor first described this type C flap for mandibular reconstruction in 1982 (47). The
bone available for harvest includes the anterior iliac spine and wing of the ilium (14–
16 cm). The ilium is a curvilinear, thick, bicortical bone. The amount of harvestable
bone is 4 cm in height by 14 cm in length, either bicortical or inner cortex only. The
skin directly overlying the bone, supplied by septocutaneous perforating vessels clo-
sely applied to the bone, may also be harvested (Fig. 60). In addition, based on the
ascending branch of the deep circumflex artery, the internal oblique muscle may be
harvested for either intra- or extraoral use (67).

Indications

The iliac crest bone is ideally shaped for replacement of a hemimandibular defect.
Associated soft tissue defects of the cheek, tongue, or neck may be simultaneously
reconstructed using the skin overlying the ilium. The internal oblique muscle may
be included with an osseous or osteocutaneous flap (Fig. 61). It can be manipu-
lated independently to drape over vital neck vessels or to cover the bone in the oral
cavity. If the muscle is used to drape over the neoalveolus, it can be left to
re-epithelialize or skin-grafted to form a thin gingiva-like surface ready for osseoin-
tegrated implants.

Neurovascular Anatomy

The deep circumflex iliac artery (DCIA) provides the blood supply to the flap. It ori-
ginates from a branch of the external iliac artery or femoral artery inferior to the

Figure 60 The iliac crest flap is harvested with a closely attached overlying skin paddle
based on the deep circumflex iliac artery. This flap can also be harvested with the internal

oblique muscle (not shown).
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inguinal ligament. The external diameter of the DCIA near its origin is between 1–
2mm. Venae comitantes accompany the DCIA and join to form a common vein
(approximately 4mm in external diameter) as it nears the external iliac vein. The vas-
cular bundle courses superolaterally, crossed by ilioinguinal and lateral femoral
nerves, from behind the inguinal ligament toward the inner aspect of the anterior
superior iliac spine (ASIS), resulting in a potential pedicle length of approximately
6 cm. The ascending branch takes off from the DCIA just proximal to the ASIS, cour-
sing between, and supplying, the internal oblique and transversalis muscles. The vas-
cular bundle follows the inner border of the iliac crest and sends several branches into
the periosteum to supply the bone and overlying skin.

There is no sensory nerve for reinnervation of the skin paddle. The lateral
femoral cutaneous nerve provides sensation to the lateral thigh, and should be pre-
served as it crosses the vascular pedicle proximal to the ASIS.

Surgical Highlights

The skin paddle is outlined in the form of an ellipse centered over the iliac crest,
along a line from the pubic tubercle to the tip of the scapula. The anteriormost por-
tion of the skin paddle is placed over the ASIS, and may be up to 12 cm wide by
25 cm long. The skin paddle must be of sufficient size to capture reliably at least
one of the septocutaneous perforators along the iliac crest (Fig. 62).

The lateral femoral cutaneous and ilioinguinal nerves cross the DCIA and
should be preserved during the dissection. Occasionally, the lateral femoral
cutaneous nerve is so intimately involved with the DCIA that extensive dissection
is necessary to separate them. Injury to the nerve is more likely in these cases
and the patient should be warned preoperatively that lateral thigh numbness might
occur.

Figure 61 Iliac crest free flap with skin and internal oblique muscle harvested. The muscle is
thin and easily draped over the bone to form the neoalveolus.
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If the internal oblique muscle is harvested, the ascending branch of the DCIA
must be preserved. The ascending branch is found just anterior to the ASIS as a dis-
crete artery in 80% of patients. In the remaining 20%, the internal oblique muscle is
supplied by smaller vessels along the DCIA and is therefore not harvestable as a
separate component.

In preparation for bone harvest, the iliacus muscle is sharply incised approxi-
mately 1 cm inferior to the vascular bundle and the periosteum stripped along the
planned cut. The tensor fascia lata and periosteum are stripped from the outer iliac
crest, and a reciprocating saw is used to cut the bone from the outer aspect. A hand is
placed over the inner cortex to protect the abdominal contents. The use of chisels is
discouraged since this may lead to occult fractures and splintering of the bone at the
donor site.

The wound is closed in several layers using heavy nonabsorbable suture for the
first two layers. The transversalis fascia is sutured to the tensor fascia lata inferior to
the iliac crest or to the iliac crest directly with holes drilled through the bone to
anchor the suture. The external oblique muscle is sutured to the fascia lata over the
iliac crest, followed by routine closure of the subcutaneous tissues and skin. Two large
drains are placed medial to the iliac crest and brought out separate stab incisions.

Advantages

The advantages of the iliac crest flap include the ability to harvest the bone simulta-
neously with the mandibular resection; adequate pedicle length; a large vein for
easy anastomosis; a hidden donor site; and provision of bone that matches the shape,
contour, and bulk of the mandible more closely than other type of free bone flap.

Disadvantages

Disadvantages include a donor artery that may have a relatively small external dia-
meter; a lengthy and work-intensive harvest; considerable donor site morbidity,
including lateral thigh numbness and a prolonged period of painful ambulation; no
potential for sensory reinnervation of the donor tissues; bulky skin paddle that is clo-
sely adherent to the underlying bone; the potential risk of abdominal herniation. The
major problemwith using the iliac crest flap is the prolonged pain patients often experi-
ence at the donor site. This pain may be unremitting, resulting in a permanent limp.

Figure 62 Iliac crest osteocutaneous flap surface landmarks. Prior to flap harvest, the skin
paddle is outlined over the iliac crest bone. Also note the position of the feeding vessels (DCIA
and ascending branch) and the likely course of the lateral femoral cutaneous nerve (T12).
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Lateral Arm

Description

The lateral arm free flap was originally described by Song et al. in 1982 (68). It is a
type C fasciocutaneous flap that, as originally described, is harvested from the upper
lateral arm between the lateral epicondyle and deltoid muscle convergence (Fig. 63).
The potential width of the flap is 6 cm (greater widths are possible but primary clo-
sure is not possible, necessitating a skin graft), and the potential length of the flap is
15 cm (69). The flap may be osteocutaneous (partial-thickness humerus, type D);
however, the risk of a fractured humerus relegates this well below other favored oss-
eous sites such as the scapula, fibula, or iliac crest.

More recently, a significant variation of this flap has been described that pro-
vides for a longer and more substantial vascular pedicle (70). The flap, as originally
described, had an important technical problem: the diameter of the feeding artery
(radial collateral) was small (1mm or less), making the microvascular anastomosis
difficult. However, a larger donor artery and vein are possible if the dissection of
the vascular pedicle is extended posteromedially to the deep brachial artery and,
finally, to the main trunk of the brachial artery and vein.

Neurovascular Anatomy

The vascular supply to the lateral arm flap is the posterior radial collateral artery
and vein. However, the profunda brachii artery and vein, from which the radial col-
lateral vessels branch, are often used to exploit their greater length and size. The

Figure 63 Surgical anatomy demonstrated in a harvested and pedicled lateral arm flap.
Note the positions of the lateral brachial cutaneous and posterior radial collateral vessels. A

larger donor vessel diameter is possible if the vascular pedicle is further dissected
posteromedially to the deep brachial artery. Although two sensory nerves are associated
with this flap—the lateral brachial cutaneous nerve and the posterior cutaneous nerve of the

forearm—only the former supplies the skin territory of the flap.
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profunda brachii artery arises from the posteromedial aspect of the brachial artery,
below the lower border of the teres major muscle. Traveling with the radial nerve,
the artery passes posteriorly around the humerus between the medial and lateral
heads of the triceps muscle. The vascular pedicle is covered by the lateral head of
the triceps muscle. On the lateral side of the arm, the artery pierces the lateral inter-
muscular septum and descends inferiorly between the brachioradialis and brachialis
muscles to pass anterior to the lateral epicondyle. The radial collateral artery
branches from the profunda brachii artery behind the humerus and descends within
the lateral intermuscular septum behind the lateral epicondyle (Fig. 64). The radial
collateral artery sends multiple septocutaneous perforating vessels to the lateral arm
corresponding to the vascular territory of the lateral arm flap. In addition, the
artery sends perforators more inferiorly into the forearm, so the true vascular ter-
ritory of the artery extends several centimeters beyond the lateral epicondyle (so-
called extended lateral arm free flap) (71).

The sensory nerve to the lateral arm flap is the lateral brachial cutaneous
nerve. Two sensory nerves are associated with this flap, but only one supplies the
skin covering the flap. The posterior cutaneous nerve of the forearm arises from

Figure 64 Further posteromedial dissection of the vascular pedicle of the lateral arm flap
will uncover and allow harvest of the larger profunda brachii artery and vein.
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the lateral septum 2.5–7.5 cm above the epicondyle and continues into the forearm. It
does not serve the flap but may be harvested with the flap and used as a vascularized
nerve graft (72). The lateral brachial cutaneous nerve follows the posterior border of
the deltoid muscle and supplies the skin of the lateral arm, entering the flap near its
proximal posterior border. To facilitate its incorporation into the flap, it is useful to
identify this nerve early in the dissection. The extended lateral arm flap incorporates
skin supplied by the posterior cutaneous nerve of the forearm and so this nerve can
be used for reinnervation when the flap territory extends significantly below the lat-
eral epicondyle.

Surgical Highlights

The lateral aspect of the nondominant arm is prepped and draped and the flap is out-
lined (Fig. 65). The surface landmarks for the lateral intermuscular septum are the
lateral epicondyle of the humerus and the deltoid insertion. The skin paddle must
be centered on the septum and is generally designed as a simple ellipse to facilitate
donor site closure. The skin paddle and the underlying fascia are raised off the
underlying muscle posteriorly and anteriorly towards the intermuscular septum.
The sensory nerve is found posteriorly on line with the posterior border of the del-
toid muscle. It can be dissected and cut proximally early. The vascular pedicle is
identified emanating from the lateral intermuscular septum. It is dissected poster-
iorly along the spiral groove on the posterior aspect of the humerus. Care must

Figure 65 The lateral arm free flap is depicted. The solid line represents the lateral

intermuscular septum and the skin flap is centered along this line. The landmarks for the
septum are the lateral epicondyle of the humerus and the deltoid insertion.
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be taken not to injure the radial nerve since it runs with the vascular pedicle within
the groove. An additional skin incision is made from the apex of the skin ellipse to
the deltoid insertion to facilitate separation of the musculature and dissection of the
pedicle. Further superior extension of the incision along the posterior border of the
deltoid allows separation of the lateral head of the triceps and the deltoid muscle
(Fig. 66). To gain additional length on the pedicle, the insertion of the lateral head
of the triceps is sharply incised and the radial collateral artery is seen joining the
profunda brachii artery. The profunda brachii vessels are then dissected to the bra-
chial artery and vein where they are divided to release the flap. Finally, a layered
closure of the donor site over a large suction drain is performed.

The extended lateral arm flap includes an ellipse of skin over the lateral epicon-
dyle and upper lateral forearm. The flap is raised in an identical fashion; however,
the posterior cutaneous nerve of the forearm, which accompanies the vascular pedi-
cle, can be used for sensory reinnervation of the flap since this nerve inserts into the
skin of the upper lateral forearm (71).

Advantages

A two-team approach for simultaneous donor and recipient site dissection is possi-
ble. The flap is technically easy to harvest. The scar is inconspicuous in most
patients, not requiring a skin graft. The flap is usually hairless and thin (although
not as thin as the radial forearm flap). No major vessels need be sacrificed.

Disadvantages

The flap can be bulky in obese individuals. Although the vascular anatomy is fairly
constant, in less than 2% of cases, an anomalous dual arterial supply from the pro-
funda brachii artery can occur. These arteries may be smaller than usual. Even with
normal arterial anatomy, the artery is small, measuring between 1 and 2mm; how-
ever, this shortcoming can be overcome by dissecting the vascular pedicle to the bra-
chial artery and vein. The donor veins are usually much larger: between 2 and 3mm.
Postoperative anesthesia of the upper lateral forearm is to be expected.

Lateral Thigh

Description

The lateral thigh free flap is a type IV fasciocutaneous flap first described in 1983 by
Baek for the resurfacing of cutaneous defects in various anatomic areas (73). The

Figure 66 Lateral arm flap pedicled on its feeding vessels: the posterior radial collateral

artery and vein.
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flap includes up to 30� 15 cm of the skin, subcutaneous tissue, and fascia over the
lateral aspect of the thigh. The dominant blood supply is from the third perforator
of the deep femoral artery and the flap may be made sensate using the lateral femoral
cutaneous nerve. The thickness of the flap varies depending on the patient’s adipos-
ity and the area of the flap under consideration. The proximal aspect of the flap is
much thicker, especially in patients with significant so-called saddle bag deformities.

Indications

For those with the most experience using the lateral thigh flap, it is usually reserved for
reconstruction following total laryngopharyngectomy (74). Nevertheless, the flap can
be applied to a variety of defects in the head and neck, especially in cases that require
a large thin skin paddle. The proximal fatty portion of the flap has been exploited for
glossectomy defects and the large surface area for cervical burn contracture tissue
replacement and reconstruction of sizable composite oropharyngeal defects.

Neurovascular Anatomy

The lateral thigh flap is based on the third perforator of the profunda femoris artery.
The profunda femoris artery gives off several branches that course in a posterolateral
direction to supply the lateral thigh musculature and overlying skin. However, the
third perforator is usually the dominant blood supply to the lateral thigh skin
encompassed by the flap (Fig. 67). The length of the vascular pedicle (third perfora-
tor plus the profunda femoris artery up to the second perforator) may be up to 10 cm
while the diameters of the artery and vein may be as large as 4mm and 5mm, respec-
tively. Sensation can be restored to the flap via the lateral femoral cutaneous nerve.
This nerve passes under the inguinal ligament where it divides into an anterior
branch and a posterior branch. The posterior branch pierces the fascia lata and dis-
tributes posteriorly in the upper thigh. The anterior branch distributes along the
anterolateral thigh within the territory of the lateral thigh flap.

Surgical Highlights

To harvest this flap the knee is flexed and internally rotated to expose the postero-
lateral aspect of the thigh. The midpoint of the thigh is marked (halfway between the
greater trochanter and the lateral femoral condyle) along the intermuscular septum
between the vastus lateralis muscle and biceps femoris muscle. The width of the flap
can be up to 15 cm while still allowing for primary closure of the donor site. More of
the flap should be designed anterior to the intermuscular septum because the skin is
thinner in this area. The flap can extend along the entire thigh, if needed. Dissection
proceeds from anterior to posterior in a subfascial plane (over the thick iliotibial
tract) down to the intermuscular septum. The lateral femoral cutaneous nerve can
be included in flap design, if desired. The posterior portion of the flap is dissected
to the intermuscular septum as well. The vastus lateralis must be retracted anteriorly
to expose the vessels along the septum. The third perforator passes superior,
through, or posterior to the short head of the biceps and there is a wide variation
in its vertical position along the intermuscular septum, ranging from 8 to 32 cm
above the lateral femoral condyle (75). The adductor magnus and the short head
of the biceps must be sharply incised to follow the profunda femoris vessels super-
iorly. The profunda femoris artery and its accompanying venae comitantes are trans-
ected just distal to the second perforator. Dividing the profunda femoris artery
proximal to the second perforator (usually the largest of the perforators) may cause
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muscular weakness. The second perforator is identified clinically by noting its close
relationship to the insertion of the gluteus and the iliotibial tract (76). The dissection
within the intermuscular groove is tedious and difficult. It may be best to leave the
posterior portion of the flap attached and if the feeding vessels are transected acci-
dentally the flap can be replaced intact. According to Hayden et al., the most diffi-
cult part of the dissection is freeing the third perforator as it exits the hiatus through
the origin of the adductor magnus muscle along the posterior border of the femur
(74). Multiple branches to the vastus lateralis must be carefully ligated and the hiatus
enlarged superiorly and inferiorly. Once this is accomplished, the profunda femoris
vessels are uncovered and relatively easily dissected to the second perforator. The
flap is release by dividing the artery and vein and a layered closure of the donor site
over a large suction drain is performed.

Advantages

In thin individuals, the lateral thigh flap is well suited for a variety of defects in the head
and neck. The supplying artery is nonessential to the vascularity of the thigh and the

Figure 67 The third perforator of the profunda femoris artery is the dominant blood supply
to the lateral thigh free flap.
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donor site scar is quite acceptable to most patients. Functional morbidity is minimal
after harvest. A two-team simultaneous harvest is possible, reducing operative time.
The vascular pedicle is relatively lengthy and the vascular pedicle is large in terms of
microvascular surgery. There is a potential for sensory innervation. Good-quality
tracheoesophageal voicing is possible after routine placement of a speaking valve.

Disadvantages

Contraindications include local obesity (so-called saddle-bag thighs), previous
trauma, severe peripheral vascular disease, or prior hip replacement surgery that
may have disrupted the perforating vessels. The donor site may leave a slight con-
tour defect with primary closure or require skin grafting when an excessively wide
flap is taken. The principal disadvantage is the difficulty in harvesting the flap. It
is a tedious and arduous dissection that can take up to 3.5 h to perform. However,
an experienced surgeon should take no more than 2–2.5 h to raise the flap. Acciden-
tal division of the vascular pedicle, especially as the third perforator passes through
the adductor magnus muscle, is a realistic possibility. The flap skin is quite pale in
most individuals, making it a poor color match with the cervicofacial region. There
is a small risk of wound dehiscence and compartment syndrome, especially if the
donor site is closed under excessive tension. When used for pharyngeal reconstruc-
tion, stenosis at the distal anastomosis may occur. This is avoided by designing the
inferior circumference of the flap with a ‘‘V’’ type extension to break up the scar.

Omental

Description

Free omental flaps, primarily consisting of fat, have long been used for surface
reconstruction with skin grafts and for facial contour restoration (77). For contour
restoration, the base of the omentum is placed vertically along the preauricular
crease and the omental appendages, with their individual vascular arcades, are
spread out anteriorly under a face-lift-like skin flap. For surface reconstruction,
most commonly scalp, the omentum is simply draped over the area and skin-grafted.

The greater curvature of the stomach may also be harvested (gastro-omental
flap) with a varying amount of omentum (78). The amount of the stomach available
for transfer is approximately 7 cm wide by 13 cm long. The quantity of harvestable
omentum is large: over 25 cm2.

Indications

In the past, the free omental flap has been used most frequently for facial contour
restoration for hemifacial subcutaneous fat deficiency (secondary to Romberg’s dis-
ease, trauma, or hemifacial microsomia). However, de-epithelialized free tissue trans-
fers (e.g., the parascapular flap) have largely replaced the free omental flap for facial
contour restoration. This flap has recently been used for massive scalp defects (with
application of a split-thickness skin graft) due to its lengthy vascular pedicle and
expansive surface area.

A gastro-omental flap can be used for large pharyngoesophageal defects
(Fig. 68). This flap is useful when there are no usable donor vessels in the neck.
Due to the long vascular pedicle, the neck vasculature can be bypassed for the
unspoiled vessels in the axilla. If the vessels in the neck are workable, then a fascio-
cutaneous flap should be used. Another alternative, when the neck vessels are inade-
quate, is to transpose the thoracodorsal vessels from the axilla and over the clavicle to
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serve as donor vessels for the traditional free flaps (52). The gastro-omental flap,
besides reconstructing the pharynx, provides for vascularized coverage of the heavily
irradiated neck with omentum. This is advantageous for obvious reasons, especially
considering the high incidence of salivary fistulas in this group of patients (79).

Neurovascular Anatomy

The omentum and greater curvature of the stomach are supplied by the right gastro-
epiploics. The pedicle length for the omentum is approximately 10 cm. The pedicle
length for the gastric flap is up to 30 cm if the length of pedicle along the omen-
tal–gastric junction is used along the path to the donor vessels. The vessels are large
from a microvascular surgery point of view: 2.5mm for the vein and 2mm for the
artery. The vascular arcades allow longitudinal division of the omentum in viable
segments based on a single vascular pedicle.

Surgical Highlights

A laparotomy is usually required to harvest the omental and gastro-omental flaps,
although laparoscopic harvest is feasible. To maximize the length of the pedicle (up

Figure 68 The gastro-omental flap is supplied by the right gastroepiploic vessels. The length
of the vascular pedicle is approximately 10 cm for the combined flap and can be up to 30 cm
for the gastric flap by exploiting the portion of the vascular pedicle along the greater curvature

of the stomach.
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to 30 cm for the gastro-omental flap), the most distal part of the stomach based on the
right gastroepiploic artery and vein should be harvested.

Advantages

The gastro-omental flap provides a long pedicle able to reach vessels outside the neck
(e.g., axilla). Patients with unusable or unavailable neck donor vessels with pharyn-
goesophageal defects are candidates for this flap.

The omentum possesses several attributes that make it ideal for use in heavily
irradiated, ischemic tissues and even septic tissues. It is able to fight infection actively,
produce healing granulation tissue, and adhere tenaciously to compromised tissues.

Disadvantages

The major disadvantage to using the omental flaps is the requirement for laparot-
omy. The major problem with using omentum to correct facial contour is the late
occurrence of sagging.

There is a persistent acidic milieu in the reconstructed pharynx after stomach
transfer for pharyngoesophageal reconstruction (pH¼ 5); however, there has been
no reports of peptic ulcerations in the esophageal mucosa.

Jejunal

Description

The jejunal free flap was first described in 1959 by Seidenberg et al. (42). The jejunal
segment provides an internal diameter of functional (peristaltic and mucus-secreting)
intestine that closely matches that of the missing esophagus.

A brief historical review of cervical esophageal reconstruction is helpful to
understand how the jejunal flap came into widespread use. Pedicled colon transpo-
sition and gastric pull-up are two common methods of esophageal reconstruction.
Pedicled colon transposition using the right or left side of the colon has been used
sporadically since the early part of the 20th century. Gastric pull-up involves the
transposition of the entire stomach, pedicled by the right gastric and gastroepiploic
vessels, to the proximal defect (esophagus, hypopharynx, or base of tongue) via
blunt posterior mediastinal dissection (80). The colon and stomach transpositions
allow for total esophageal reconstruction. Gastric pull-up is still used commonly
although colonic transposition is used only rarely. Gastric pull-up, in contrast with
colonic transposition, has a more reliable blood supply, is a single-staged proce-
dure, and requires a single intestinal anastomosis that is resistant to stricture
formation. With the advent and success of the jejunal free flap, another option
became available for a subgroup of patients requiring esophageal replacement.
The jejunal flap proved to be just as reliable as the gastric pull-up but could be
transferred to the neck as a free flap, obviating the need for an attached pedicle
and mediastinal dissection. Therefore, the morbidity of entering the chest was
eliminated. Free jejunal transfer was the method of choice for patients requiring
esophageal replacement above the thoracic inlet. Most patients who are candidates
have undergone a total laryngopharyngectomy. More recently, however, free
folded fasciocutaneous flaps have proved to be just as effective at recreating a
viable neopharynx. Although the jejunum is still the method of choice for some
surgeons, most centers have adopted fasciocutaneous flaps for this role because
the morbidity of a laparotomy is avoided.
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Indications

The jejunum provides an alternative method of reconstructing combined upper eso-
phageal (above the thoracic inlet) and hypopharyngeal circumferential defects. This
method of reconstruction avoids mediastinal dissection and is often favored over the
more traditional methods including gastric pull-up and colon transposition.

The jejunal segment may also be split along its antimesenteric border and used
as a patch to cover a variety of oral and oropharyngeal defects. The mucus-secreting
properties can be exploited for reconstruction of defects in patients with radiation-
induced xerostomia. However, the benefit of additional mucus is dubious.

Esophageal defects that extend below the thoracic inlet can bemost simply recon-
structed using the gastric pull-up and blunt posteriormediastinal dissection. The use of
the jejunal free flapwouldnecessitate a thoracotomy; therefore, esophageal defects that
extend below the thoracic inlet are generally not considered for jejunal flap transfer.

Patients whohave had previous abdominal surgery (not specifically involving the
vascular supply or the jejunal segment itself) remain candidates for jejunal flap harvest.

Neurovascular Anatomy

The vascular supply is from the jejunal arteries (branches of the superior mesenteric
artery) that form arcades within the mesentery to encompass the jejunal segment
(Fig. 69). No usable neural elements accompany the jejunal segment.

Surgical Highlights

A two-team approach is possible, significantly shortening the operative time. Har-
vest of the jejunal segment may be done via an open abdominal procedure or lapar-
oscopically (81). The jejunal segment is taken 3 feet distal to the ligament of Treitz to
facilitate the subsequent enteric anastomosis. The length of the segment should equal
the length of the defect plus 3 cm to accommodate the exteriorized monitoring seg-
ment (82). The exteriorized monitoring segment is a portion of the flap separated
from the main flap along the radiating mesenteric vessels and draped onto the skin
through the neck incision. This segment of bowel reflects the health of the main flap
and is inspected for mucus production, peristalsis, and color. After approximately 3
days, the base of the monitoring segment is cauterized or suture ligated and removed.

Prior to harvest, the jejunal segment should be marked as to the direction of
peristalsis. It should be placed in the neck so that peristalsis is from proximal to dis-
tal (antiperistaltic positioning results in dysphagia); it should also be placed on some
stretch to eliminate redundancy.

Figure 69 Transilluminated jejunal flap in situ. The vascular supply to the flap is from the
jejunal arteries (branches of the superior mesenteric artery). Note the arcades within the

mesentery that encompass the jejunal segment.
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Postoperative care consists of placement of a nasogastric tube for stomach
decompression until bowel sounds resume, at which time feeding through the tube
may be slowly advanced. As an alternative, a feeding gastrostomy or jejunostomy
tube may be placed during the original harvesting procedure. A jejunostomy tube
allows immediate feeding prior to the return of bowel sounds. Oral feeding may com-
mence on day 7–10 after surgery.

Advantages

The jejunal free flap was originally introduced as an alternative to gastric and colon
transposition. With the introduction of tubed free fasciocutaneous flaps (e.g., radial
forearm or lateral thigh free flaps) for circumferential hypopharyngeal reconstruc-
tion, the jejunal flap has lost popularity.

Disadvantages

The major drawback to using the jejunal free flap is the necessity of abdominal sur-
gery. The literature reports a complication rate of over 30%. Distal anastomotic
strictures (at the jejunal-proximal esophageal junction) occur as a late complication
in approximately 22% (11=50 cases) and esophageal speech is often of poorer quality
compared to reconstruction using skin flaps (e.g., radial forearm) (83). Most stric-
tures are due to redundancy and kinking of the bowel at the distal suture line
(84,85). Treatment involves surgical resection of the distal suture line and elimina-
tion of the redundancy.

The ischemic tolerance of the jejunal segment is significantly less than is found
in fasciocutaneous flaps; ischemic periods of over 4 h result in areas of full-thickness
necrosis. This is rarely a problem during the initial surgery; however, if subsequent
problems with the anastomosis occur that result in ischemia, salvage is less likely (85).
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9
Reconstruction of Specialized Tissues:
The Mandible, Tongue, Pharynx,
and Maxilla

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

MANDIBULAR RECONSTRUCTION

The technique of choice for reconstruction of segmental mandibular defects following
cancer resection is primary microvascular bone transfer and the favored donor sites
are iliac crest, fibula, and scapula. Alternative methods for primary or secondary
mandibular reconstruction include the use of mandibular reconstruction plates
(MRP), free nonvascularized bone grafts, bone cribs, and pedicled vascularized
bone grafts. Segmental mandibular defects that are left to swing freely with no
attempt at reconstruction may result in significant aesthetic and functional morbid-
ities depending on the size and location of the defect. Use of pedicled vascularized
bone including trapezius–scapular spine, pectoralis major–rib, and latissimus dorsi–
rib has been reported but avascular necrosis of the bone segment is frequent, prob-
ably due to the tenuous periosteal blood supply from the muscle to the bone (1).
The method of choice depends on the condition of the neck and surrounding tis-
sues and the size and location of the mandibular and associated soft tissue defects.
The overall health, prognosis, and desires of the patient and the suitability of
potential donor sites are also important considerations.

Condition of the Neck and Surrounding Tissues

Prior radiation therapy and salivary contamination are the most important causes of
failure of both nonvascularized and vascularized bone grafts. Prior irradiation
results in an ischemic tissue bed and pathological changes in blood vessels including
endothelial cell dehiscence, vessel wall fibrosis, and intimal fragility. An ischemic
tissue bed from radiation therapy is a poor substrate for avascular bone grafts;
however, vascularized bone (free osseous microvascular flaps) is unaffected and
often results in neovascularization of the surrounding tissues. However, prior
radiation therapy is the only factor that has consistently been associated with
microvascular flap loss (2). This effect is proportional to the time elapsed between
radiation therapy and microvascular flap transfer (3).
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Avascular mandibular grafts, including cancellous bone grafts in bone cribs,
have very poor success rates (less than 50%) if used in the presence of a through-
and-through defect of the oral cavity that results in salivary contamination of the
recipient bed (4). Recent work using growth factors including bone morphogenic
protein and platelet-rich plasma is promising with regard to enhancing the survival
of these avascular bone implants (5). Nevertheless, these grafts are not recommended
for use in the primary setting. It is possible, however, to use these grafts in a second-
ary setting. This requires interim maintenance of mandibular spacing by internal or
external fixation to prevent soft tissue contraction and mandibular drift. The graft is
then placed through the neck to avoid salivary contamination. This method was the
standard until the advent of microvascular free bone transfers. Free vascularized
bone is successful in re-establishing an osseous bridge between the cut ends of the
mandible in the primary setting in more than 95% of cases. This bone provides ade-
quate stability to resist the forces of mastication and will provide adequate substrate
for osseointegrated dental appliances. It is the method of choice for most institutions
that regularly treat patients with cancers involving the mandible. Despite wide accep-
tance, microvascular bone transfer has several drawbacks including potential donor
site morbidity; poor height match to the adjacent normal mandible, making dental
rehabilitation more difficult; poorer osseointegration than to cancellous cellular
bone grafts; and overbulked soft tissue components that require secondary revision
to re-establish a workable alveolar ridge.

Size and Location of Mandibular and Soft Tissue Defects

Mandibular segmental defects involving the symphysis and parasymphysis are the
most significant in terms of aesthetic and functional morbidity. Failure to recon-
struct this part of the mandible results in the Andy Gump deformity and loss of
the tongue-anchoring and masticatory platform functions of the anterior arch.
The anterior arch also serves to anchor the hyomandibular muscle complex involved
in laryngeal elevation and deglutition. Experience with MRPs has revealed an unac-
ceptably high rate (35%) of hardware failure, mainly from plate exposure and break-
age due to the pulling forces of the geniohyoid and digastric muscles attached to the
remaining soft tissues surrounding the plate (6) (Fig. 1). This effect is compounded
by gravity and the use of regional myocutaneous flaps pedicled inferiorly (e.g., the
pectoralis flap).

Two common issues with regard to microvascular mandibular replacement are
the type of fixation needed to secure the bone graft in place and the method used to
size and shape the bone graft accurately to match the resected segment closely. Rigid
fixation is required to secure the bone graft to the mandibular stumps. Either simple
mandibular plates fixed to either end of the bone graft to the mandibular stumps or a
continuous microvascular reconstruction plate can be used. Wire fixation should be
avoided as excessive movement may impede osseous union. The mandibular plates
are each secured with three screws in the native mandible and two screws in the graft.
A continuous microvascular plate is thinner than the typical MRP and the newer
plates are locking screw-type with smaller holes and screws. With regard to the sizing
and shaping of the bone graft, a microvascular plate can be adapted to the native
mandible prior to resection and the bone graft fit to it ex vivo. As an alternative,
the resected specimen is inspected and the bone graft is osteotomized and sized to

318 Dolan



approximate the size and shape of the resected bone. If possible, it is helpful to place
the patient in temporary maxillary–mandibular fixation during placement of the
bone graft and application of hardware. Often the bone graft lacks the height of
the native mandible. In these cases, the graft should be aligned with the superior
aspect of the native mandible to minimize the required height of osseointegrated
implants and to eliminate any step-offs that may interfere with a tissue-borne den-
ture. In some cases, a template-driven method for sizing and shaping the bone graft
is lacking and a stereolithographic model may be of use. Using computed tomogra-
phy (CT) data, a three-dimensional model is created using computer-aided design
(CAD) software. This model is then used to create custom reconstruction plates
that can be used as a template for the bone graft and to secure the graft into place
(Fig. 2).

Central Segmental Mandibular Defects

Microvascular bone transfer has resulted in durable anterior arch replacement in the
vast majority of cases, far exceeding the results of prior methods of reconstruction.
Isolated anterior arch defects can be reconstructed using any of the available favored
donor sites; however, the associated soft tissue defects may require more discernment
in choice of the most appropriate flap. Common associated soft tissue defects include
those involving the floor of mouth, lower lip, chin and neck, and tongue. The sca-
pula, iliac crest, and fibula each possess unique attached soft tissue components.
The soft tissue components of the iliac crest include a closely attached and relatively
thick skin paddle and a thin sheetlike muscular component. The fibula possesses a
closely attached thin skin paddle that may be made sensate. Although the scapular
system has the least substantial bone of the three flaps, it possesses the most substan-
tial and adaptable soft tissue components including the transverse scapular and

Figure 1 An MRP alone was used to reconstruct an anterior arch defect. This patient
experienced both plate breakage (a) and exposure (b) approximately 2 years postoperatively.
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Figure 2 Stereolithographic model used to adapt a reconstruction plate and bone graft
accurately into a segmental mandibular defect.

Figure 3 Typical anterior mandibular defect associated with a defect in the anterior floor of
mouth.
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parascapular flaps (sometimes thick), latissimus dorsi muscle and overlying skin, and
serratus anterior muscle (and underlying ribs).

Most anterior segmental mandibular defects will have an associated defect of
the anterior floor of mouth (Fig. 3). Therefore, at least a portion of the soft tissue
component of the free flap must be used to resurface the anterior floor of mouth
and close the through-and-through defect in this area. It is fortunate that most
resections involve this type of defect and the fibular flap performs well with its thin
and pliable skin component draped over the neoalveolus and anterior floor of mouth
(Fig. 4). The skin component can also be draped over partial defects of the anterior
mobile tongue, if needed. The iliac crest also performs well in this situation. The
muscular component of this flap is draped over the neoalveolus and anterior floor
of mouth and left to resurface with epithelium. The scapular flap is less desirable
because its skin component is relatively thick (Fig. 5). Nevertheless, it can be used
if the other flaps are unavailable.

Anterior segmental defects associated with even total loss of the lower lip are
best approached by considering the lip defect as a totally separate entity from the
mandibular and anterior floor of mouth defect. The lip is best reconstructed inde-
pendently using advancement or transposition flaps from the opposite lip or cheek
because no soft tissue components of an osseous free flap will adequately duplicate
the appearance of a natural lip (Fig. 6). As an alternative, a radial forearm free flap
could be used in addition to the osseous flap to reconstruct the lower lip.

Sometimes the anterior arch defect is associated with a substantial loss of skin
over the chin and neck. The fibular flap often proves inadequate to reconstruct the
intra- and extraoral soft tissue deficits. However, the iliac crest flap is suitable with
its muscular component for the intraoral defect and its skin component for the chin
and neck defect (Fig. 7). The fibular flap could be used and the extraoral defect res-
urfaced with a regional flap (lower island trapezius or pectoralis flap). Although the
scapular flap is also suitable, the drawbacks regarding the intraoral reconstruction
persist.

Figure 4 Osteotomized fibular bone with associated skin paddle draping over the
neoalveolus and anterior floor of mouth.
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Figure 6 Secondary reconstruction of the lower lip in a patient reconstructed with a fibular
flap. The skin component was used to resurface the anterior floor of mouth (a). The lower lip

defect was initially closed with a portion of the skin from the free flap, but healing resulted in
the deformity shown. Secondary repair of the lip with a Karapandzic advancement was
performed (b–d). Use of the skin from the free flap was clearly inadequate and the patient

would have been better served by reconstruction of the lip independently during the initial
surgery.

Figure 5 Anterior segmental defect reconstructed with a scapular flap. Note the thick skin
flap over the anterior floor of mouth displacing tongue superolaterally. 4-point star ¼
parascapular skin flap; 5-point star ¼ remaining tongue.
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Patients with substantial defects of the tongue combined with chin and neck
defects often require multiple regional or free flaps. The scapular system of flaps
can be used as an alternative. The parascapular and transverse scapular flaps can
be used to reconstruct the tongue (if bulk is needed) and the chin=neck defect.
Reconstruction of the floor of the mouth often is obviated by the use of the large
skin flap for the tongue. If there is an expansive defect in the neck, the musculocu-
taneous latissimus component of the scapular system is used.

Lateral Segmental Mandibular Defects

Lateral segmental mandibular defects (posterior to the mental foramen) tend to be
less morbid than anterior arch defects in terms of both aesthetics and function. Fail-
ure to reconstruct this part of the mandible results in a mild to moderate contour
deficiency, mandibular drift toward the side of the defect, and malocclusion. The
functional deficits with regard to speech and swallowing are often related more to
associated soft tissue deficits and radiation therapy (7).

Figure 7 Patient with a squamous cell cancer eroding the central and lateral mandibular
segments and skin (a). The patient underwent reconstruction with an iliac crest composite flap

(b).

Figure 8 A radial forearm free flap used to cover an MRP to reconstruct a lateral
mandibular defect.
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The best method to reconstruct lateral segmental defects is controversial. Based
on past clinical experience with lateral composite resections, a regional flap (e.g., the
pectoralis flap) can function as a mandibular spacer, preventing significant mandib-
ular drift and contour deformities. However, a regional flap may not be ideal for the
intraoral soft tissue component of the defect. The remaining choices for primary
reconstruction of lateral segmental defects include pedicled vascularized bone,
MRPs, and microvascular bone transfers. Pedicled vascularized bone tends to
undergo avascular necrosis as previously mentioned. An MRP covered with a regio-
nal flap (e.g., pectoralis major) has been shown to have high plate exposure and
extrusion rates. This problem was improved by using microvascular free tissue
(e.g., radial forearm, parascapular, or rectus abdominis) (Fig. 8), however, problems
of plate exposure persist if the associated soft tissue defect is large. Vascularized bone
under an MRP or other means of rigid fixation (mandibular plates or wires) demon-
strates long-term implant retention and avoids soft tissue contour deformities and
plate exposure or breakage (8) (Fig. 9). The iliac crest composite flap is useful for
lateral mandibular defects. The height of the bone nearly matches that of native
mandible and the internal oblique muscle can be draped over the neoalveolus to pro-
vide a very thin gingivalike covering. The ipsilateral hip can be used to reconstruct a
lateral mandibular defect to orient the vessels into the posterior neck (Fig. 10). As an
alternative, a scapular composite flap is used and the attached skin paddle draped
over the neoalveolus and lateral floor of mouth (Fig. 11). An MRP alone may be
appropriate in patients who do not desire the potential for full dental restoration,
have a very poor prognosis, or are unsuitable candidates for microvascular bone
transfer (Fig. 12). If an MRP is used alone, a locking screw-type plate is preferred
with a minimum of three screws placed at the proximal and distal ends. This type
of plate has several advantages over the older AO stainless steel plates, including less
breakage, loosening of screws, and absorption of bone under the plate. However, the
problem of plate exposure persists and is the most common complication associated
with locking screw-type plates.

Lateral resections that include the condyle represent a special problem since no
proximal segment of mandible is available for rigid fixation of plates or grafts. Fail-
ure to bring the reconstruction up to the glenoid fossa may result in lateral mandi-
bular instability, drift, and malocclusion. Condylar prostheses connected to plates or

Figure 9 A reconstructed lateral mandibular defect using a composite fibular flap. Note the

bone in place with the attached skin island that will be rotated into the oral cavity over the
neoalveolus.
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grafts have been associated with extrusion and erosion into the middle cranial fossa.
A free microvascular graft can be placed near the glenoid fossa with stacked cartilage
or fascia; however, the results of this reconstruction are uncertain and joint ankylosis
may occur. A viable option is to remove the condyle from the specimen (since it is
rarely involved in the malignant process) and rigidly fixate it to the proximal end
of free vascularized bone (condylar autotransplantation) (9). This assumes that the
malignant process and mandibular resection has extended up the ramus to
preclude leaving an adequate length of condyle for plating. Another alternative is
to harvest a costochondral graft from the sixth or seventh rib and affix it to the
proximal end of the vascularized graft. The costochondral graft is molded into the

Figure 10 Ipsilateral iliac crest harvest to orient the donor vessels into the ipsilateral neck.
The muscle is used to cover the neoalveolus and the skin paddle is used to resurface external

chin and neck defects.
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Figure 11 A scapular composite flap for reconstruction of a lateral mandibular defect. The
skin component is used to cover the neoalveolus and close the through-and-through defect of
the lateral floor of mouth.

Figure 12 An MRP used to reconstruct a lateral mandibular defect in a patient with a very

poor prognosis.
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shape of a condyle and seated into the glenoid fossa; intermaxillary fixation for
3–4 weeks facilitates capsule formation around the graft (10). If the condyle is not
to be reconstructed, the graft should be left well short of the glenoid fossa to prevent
impairment of mouth opening and ankylosis.

TONGUE RECONSTRUCTION

Pertinent Anatomy

The tongue is enveloped by mucosa that contains mucous and serous glands, special
taste sensory end organs, as well as general sensory end organs. There are four paired
extrinsic tongue muscles: the genioglossus, the hyoglossus, the palatoglossus and the
styloglossus. The intrinsic muscles of the tongue consist of an ill-defined network of
fiber bundles. Their cooperative movement ensures normal articulation, food bolus
manipulation, and swallowing. The nerve supply is from four cranial nerves: the
hypoglossal providing motor innervation to all but the palatoglossus, which is sup-
plied by the vagus; the lingual providing taste and sensation to the anterior two-
thirds; and the glossopharyngeal (along with a small portion supplied by the superior
laryngeal) providing taste and sensation to the posterior third. The specialized tissues
of the tongue that control its complex motor and sensory activity make it a far more
difficult structure to duplicate than the less specialized and adynamic tissues that sur-
round it, including the floor of mouth, cheek, and mandible.

Reconstruction Overview

The goals of tongue reconstruction are to attain wound closure, minimize complica-
tions, and optimize articulation and deglutition. Although wound closure and avoid-
ance of wound complications were major concerns as recently as 15 years ago,
modern reconstructive surgery rarely results in failure to attain these basic objectives.
However, restoring adequate articulation and deglutition remain serious challenges.
Despite the method of reconstruction, the ability of the patient to articulate and
swallow seems to be directly proportional to the amount of tongue resected
(11,12). There are minor differences in the use of flap tissue or primary closure in
patients amenable to these reconstructive modalities. Flap tissue appears to have a
detrimental effect on speech and swallowing. This is probably due to the creation
of bulk in the oral cavity that is adynamic, resulting in impairment of the function
of the remaining tongue. Based on these findings, fundamental objectives in recon-
structing the tongue are to close the tongue primarily if possible, minimize the use of
flaps placed over the remaining tongue, restore sensation to flap tissue, and preserve
the mobility of the remaining tongue. To preserve the mobility of the remaining ton-
gue, the adjacent tissues (floor of mouth, mandible, and retromolar trigone) should
be reconstructed as independent units with respect to the tongue. Primary closure of
the remaining tongue is preferred and is usually possible in defects involving less
than 30% of the oral tongue and tongue base. In cases of larger defects, preserving
the function and mobility of the remaining tongue requires a flap that is sufficiently
pliable to allow untethered movement.

The importance of maintaining volume is inadequately defined and should not
be of major concern except in cases of total and subtotal tongue resections involving
the base of tongue. In these circumstances, sufficient tongue bulk in the midline may
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be helpful in directing food and liquids toward the piriform sinuses. The importance
of the tongue base in swallowing is illustrated in McConnell’s two-pump theory of
swallowing. The first pump is the pistonlike action of the tongue base driving the
food bolus through the oropharynx and creating a positive pressure in the upper
pharynx. This requires a competent palate, constricting pharyngeal muscles, and
an adequate and dynamic tongue base. A deficiency in tongue base volume may
be compensated for by an enhanced constriction of the pharyngeal muscles including
the superior constrictor. Resection of adjacent structures such as the pharynx, soft
palate, or supraglottis, in addition to the tongue base, compounds the problem in
this phase of swallowing. These combined resections most often lead to a failure
to regain the ability to swallow, leading to total dependence on a stomach tube
for nutrition. The second pump is created by elevation of the larynx and opening
of the piriforms, causing a negative pressure and suction action in the hypopharynx.

Restoring sensation is an important but controversial consideration. Kapur
et al. demonstrated the detrimental effects of regional oral anesthesia on mastication
(13). Using sensate flaps for the oral tongue may improve manipulation of the oral
bolus; however, the adynamic tissues used in the reconstruction may offset the ben-
eficial effects of reinnervation. Restoring sensation at the tongue base has not been
proven to be of benefit to the swallowing reflex.

Primary Closure

McConnell et al. recently reported on a 10 year prospective multi-institution study
of speech and swallowing outcomes following reconstruction of limited tongue resec-
tions (14). Pairs of patients within the same surgical resection category were matched
with respect to the percentage of oral tongue resected, percentage of tongue base
resected, and whether postoperative radiotherapy was given. Three reconstructive
methods were analyzed: primary closure, distal (regional) flap closure, and free flap
closure. The extent of oral (anterior two-thirds) tongue and base of tongue resected
was 5–30% and 5–60%, respectively. An implicit assumption in the study was that
all the defects in the primary closure vs. distal flap and primary closure vs. free flap
groups were amenable to primary closure. The choice of reconstructive method
depended upon the participating institution. Those using distal (regional) or free
flaps apparently did so to provide sufficient tissue to separate the floor of mouth
from the remaining tongue in an effort to minimize tethering. The study indicates
that primary closure resulted in equal or better function than the use of flap recon-
struction. Swallowing and speech outcomes do not support the theory that skin flaps
or skin muscle flaps (distal or free) enhance function.

Although primary closure will inevitably lead to some degree of tethering of the
remaining tongue, the use of a flap appears to lead to a greater decrement in speech
and swallowing function. Patients with limited tongue defects associated with defects
of the floor of mouth may ultimately benefit most by closure of the tongue defect,
either primarily or by secondary intention, and reconstruction of the floor of mouth
independently using a local, regional, or free flap depending upon the size and adja-
cent mandibular or pharyngeal defects (Fig. 13). Split-thickness skin grafts provide
ample pliable tissue for resurfacing significant defects of the tongue and even com-
bined defects of the mobile tongue and floor of mouth that are not through-and-
through to the neck. The sensations of pain, touch, and temperature return in that
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order to skin grafts. The sensation to touch returns in most patients; however, in
approximately 30% of cases there is no recovery of thermal sensation (15).

Flap Closure

Flaps most commonly used for tongue reconstruction include regional flaps (pector-
alis major, lateral and lower island trapezius, latissimus dorsi), and free flaps (rectus
abdominus, radial forearm, transverse and parascapular, and lateral arm). Local
flaps including the buccinator myomucosal and nasolabial are useful for adjacent
defects of the floor of mouth or alveolar ridge. The buccinator flap can be used to
reconstruct the lateral and anterior floor of mouth defects, allowing the tongue to
be reconstructed independently.

Regional myocutaneous flaps provide reliable vascularized tissue. However,
gravitational pull and their inevitable tendency to displace toward their origin often
lead to displacement of the flap and remaining tongue. Nevertheless, regional flaps
are useful in the patient undergoing total glossectomy when an expedient operation
may be required. The muscle-containing flaps (free and regional) used for the tongue
are anesthetic, and motor reinnervation only serves to maintain bulk rather than
serve any useful reanimation function. In patients who keep their larynx, sensory
restoration in the reconstructed portion of the tongue may be an important consid-
eration. In these cases, sensory reinnervation using a thick or augmented fasciocuta-
neous flap is needed (lateral arm and radial forearm, respectively).

Adjuvant Procedures

Aside from reconstructing the oral cavity, other maneuvers may be useful in enhan-
cing function or preventing complications including: laryngeal suspension, epiglottic
laryngoplasty, and inferior alveolar nerve reanastomosis. When the anterior mand-
ible or hyomandibular muscles are disrupted, laryngeal suspension may be useful
by statically opening the piriforms and placing the laryngeal inlet in a more infantile
and anterior position. Epiglottic laryngoplasty is performed by closing the epiglottic

Figure 13 Patient with a significant lateral tongue defect closed primarily with independent
reconstruction of the lateral floor of mouth and mandibular ramus (left image: 4-point star

denotes lateral tongue defect; 5-point star denotes combined ascending ramus and floor of
mouth defects). Image on right shows primary closure of lateral tongue defect with buccinator
flap in place over floor and mandibular defects.
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folds over the laryngeal inlet and is useful for patients at great risk for aspiration but
in whom preservation of the larynx is anticipated. This procedure is easily reversible
and may even be accomplished endoscopically. In cases of hemimandibulectomy,
especially for treatment of osteoradionecrosis, the inferior alveolar nerve may be pre-
served through drill-out or by bridging the gap with a nerve graft. This takes little
time and the benefit is a sensate lower lip for improved bolus control and prevention
of drooling. For midline mandibulotomies used for surgical access, some surgeons
prefer to avoid splitting the lip and instead use a visor flap for mandibular exposure.
The visor flap entails sacrifice of the mental nerves; therefore, we prefer a lip-splitting
incision and preservation of the mental nerves. The scar may be noticeable but the
result is improved function in the lower lip.

Defect Classification

A classification system is important for uniform reporting of results and, to a more
limited degree, planning the surgery (16). First, the tongue may be divided along the
circumvallate papillae dividing the mobile tongue from the tongue base. To quantify
the amount of tissue lost, the tongue is further organized into longitudinal quarters.
Although dividing the tongue in this fashion is useful, denervation of the remaining
tongue (hypoglossal and lingual nerves) is more important than the actual volume of
tongue resected for ultimate functional outcome. Adjacent defects in the floor of the
mouth or mandible will affect the reconstructive method as well. However, these
areas may be regarded as static and adynamic platforms that should be recon-
structed independently from the tongue.

Common Reconstructive Challenges and Their Solutions:
Case Studies

One-quarter to One-half Glossectomy of the Anterior Tongue

A 44-year-old patient had a T2N0 squamous cell cancer involving the right lateral
tongue. The defect was estimated to be 4 � 4 cm isolated to the right mobile tongue
with no associated floor of mouth defect. The goals were to maintain mobility of the
remaining oral tongue and to optimize sensibility of the reconstructed segment.

The solution was to close the hemitongue defect primarily. Primary closure is
usually possible for isolated defects involving up to 25% of the anterior tongue.
Through-and-through defects of the floor of mouth should be reconstructed inde-
pendently using a local, regional, or free flap. If the floor of mouth defect is not open
to the neck, then a local flap or a skin graft should be used.

If primary closure is not possible, a split-thickness skin graft will suffice. If the
floor of mouth is also involved associated with a through-and-through defect into
the neck, a sensate radial forearm free flap may be used both to reconstruct the floor
of the mouth and to resurface the tongue (Fig. 14). This defect combined with a man-
dibular segmental defect is a difficult reconstructive challenge. The soft tissue com-
ponents of the osseous free flaps are either too bulky or too tethered to provide
independent pliable tissue for the anterior tongue. Repairing posterior mandibular
defects with a reconstruction plate may circumvent this. If the cutaneous component
of the osseous flap is used, then secondary releasing procedures may be required.
One-staged reconstruction can be accomplished with dual free flaps using an osseous
free flap combined with a radial forearm flap for the floor of mouth and tongue.

330 Dolan



One-quarter to One-half Glossectomy of the Posterior Tongue

A 48-year-old patient had a T2N0 squamous cell cancer involving the right posterior
tongue, tonsil, and mandible. This defect was approximately 3 � 4 cm involving the
right base of tongue, tonsillar fossa, and mandibular ramus. The main goal of recon-
struction was to provide sufficient bulk so that posterior movement of the tongue
would result in contact of this reconstructed segment with the posterior wall and oro-
pharyngeal structures to allow sufficient pumping action during the initial reflex
swallow. The benefit of sensory reinnervation was dubious.

The solution was to reconstruct the base of tongue and adjacent tonsillar defect
with a pectoralis flap. The posterior mandibular defect was bridged with an MRP
(Fig. 15). Posterior tongue defects (behind the circumvallate papilla) that encompass
up to 25% of its substance can usually be closed primarily or left to close by second-
ary intention. Surgical exposure for adequate control of tumor margins and primary
closure usually requires that a mandibular split be performed. For defects that also
include the lateral pharyngeal wall, a vascularized flap (regional or free) should be
used (Fig. 16). The critical mass of tongue base that can be removed while still main-
taining an intact and functional swallow is unknown. Many variables play a part in
determining the final outcome for these patients including their overall health, phy-
siological age, other coincident abnormalities of the oral cavity or larynx, and the
type of reconstruction. Primary closure may not be adequate because it is unlikely
that exaggerated pharyngeal constriction will be able to compensate and seal the

Figure 14 Combined defects of the lateral tongue and floor of mouth reconstructed with a

sensate radial forearm free flap. Arrows depict the surface of the flap.
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Figure 15 Composite defect of tongue base, tonsillar fossa, and mandibular ramus shown.
Base of arrow marks location of the myocutaneous pectoralis flap paddle; tip of arrow
indicates the tongue base defect. The flap paddle is subsequently sutured along the margins of

the tongue defect both to reconstruct this structure and to close the through-and-through
defect.

Figure 16 Exposure and primary closure of a 25% loss of the base of tongue performed
through a mandibular split approach.
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oropharynx. Restoration of bulk, sensation, and coordinated fine motor movement
would be ideal. Today, the closest alternative would be an enhanced sensate radial
forearm. The forearm flap can be augmented with subcutaneous tissue harvested
beyond the skin component in the forearm. This type of reconstruction may help
the patient return to a normal diet sooner, especially if the defect extends beyond
the base of tongue to involve the epiglottis or pharyngeal wall. A much simpler
and effective method for the patient with a substantial base of tongue defect is recon-
struction with a pectoralis major flap, as illustrated. Although the flap will have a
tendency to migrate inferiorly, this movement will actually increase the bulk and
posterior displacement of the tongue without affecting the swallow reflex.

Total Glossectomy with Preservation of the Larynx

A 52 year old patient had extensive squamous cell carcinoma involving the base of
the tongue. The total glossectomy defect was devastating to both speech and swal-
low. Traditional treatment would include removal of the larynx to avoid problems
with aspiration, but in selected cases this is unnecessary and laryngeal preservation
should be considered. The basic reconstructive challenge was to replace the bulk of
the diseased tongue with flap tissue to ensure contact with the hard palate. Duplicat-

Figure 17 Harvested myocutaneous rectus neotongue flap.
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ing the intricate movement of the native tongue and restoring the patient to near-
normal function was unrealistic. The best that can be hoped for is restoration of
some degree of intelligible speech and minimal aspiration during a conditioned swal-
low. Some patients are able to rid themselves of their gastric tubes but advancement
to a fully normal diet is seldom attained.

The solution was to reconstruct the total glossectomy defect with a myocuta-
neous free flap (Fig. 17). Articulation andmastication would be severely compromised
independent of the reconstruction technique. With intensive swallow and speech ther-
apy, motivated patients can learn an effective method to initiate deglutition.

This is obviously a devastating defect and the primary goal is to prevent the
wholesale delivery of the food bolus to the larynx or pharynx. To achieve this, bulk
must be present, and the rule is to ensure contact between the neotongue and the hard
palate. This may also improve articulation with the gross movements of the neoton-
gue through its connections to the functioning mandible. The requirement for a sen-
sate flap is not well accepted. However, in cases of laryngeal preservation it may be
beneficial to assist in gross localization of the food bolus within the oral cavity. Using
a sensate flap in the hope of triggering a normal swallow reflex is too optimistic at this
point. Laryngeal preservation should be considered on an individual basis. All of
these patients will aspirate to a degree; therefore several factors must be involved
in the decision including the patient’s physiological age, pulmonary reserve, and moti-
vation. As mentioned previously, adjunctive procedures should be considered such as
a tubed laryngoplasty, laryngeal suspension, or near-total laryngectomy.

Regional flaps tend to displace inferiorly and atrophy over time, pulling away
from the hard palate (Fig. 18). Despite these problems, however, in patients with coin-
cident total laryngectomies a regional flap will be used because contact with the hard
palate is not critical. Free musculocutaneous flaps such as the rectus abdominis and
the latissimus dorsi may be sutured directly to the mandible to support the position of
the overlying fat and skin. The rectus abdominis also has tendinous inscriptions that
may be used with supporting sutures to counteract the weight of the overlying muscle
and fat. The fat in these flaps will not atrophy like muscle. It is possible to reinnervate

Figure 18 Pectoralis flap used for tongue replacement in a patient who had undergone a
total glossectomy and laryngectomy. Note how the neotongue lacks sufficient bulk and height

to contact the hard palate. This is due to significant inferior migration and atrophy of the flap.
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the latissimus dorsi muscle with the hypoglossal nerve stump and attain movement at
the base of tongue. This may improve speech and swallow function (17).

Revascularized subcutaneous fat remains essentially unchanged after transfer;
therefore, in addition to the free musculocutaneous flaps, sensate flaps with abun-
dant subcutaneous fat would be appropriate. The lateral thigh and lateral arm free
flaps fulfill these requirements. The lateral arm flap (introduced by Song in 1982),
based on the posterior radial collateral branch of the profunda brachii artery, can
be made sensate via its posterior cutaneous nerve. The lateral thigh flap (introduced
by Baek in 1983), based on the third perforator of the profunda femoris artery, can
be made sensate via its lateral femoral cutaneous nerve. Suspension and maintenance
of the position of these flaps in the oral cavity are somewhat more difficult compared
to the myocutaneous flaps.

PHARYNGEAL RECONSTRUCTION

When discussing pharyngeal defects it is helpful to define the problem more pre-
cisely. The great majority of these defects are created after extirpative cancer surgery.
The tissues have commonly been exposed to radical radiation therapy and salivary
contamination. It is an oversimplification to consider all pharyngectomy defects
together. The main variables to consider with regard to the defect are the anatomical
location of the defect within the pharynx, the amount of pharynx that has been
resected, and the presence or absence of an intact larynx.

The pharynx is organized anatomically into the nasopharynx, oropharynx, and
hypopharynx. Nasopharyngeal extirpation and reconstruction fall more appropri-
ately within the purview of cranial base reconstruction and will not be considered
here. The oropharynx includes the soft palate, posterior oropharyngeal mucosa to
the level of the hyoid bone, the tonsillar fossae, and the base of the tongue. The
hypopharynx includes the piriforms, postcricoid region including the cricopharynx,
and the posterior and lateral pharyngeal walls from the hyoid bone to cricopharyn-
geus. The cervical esophagus begins below the cricopharyngeus and ends at the ster-
nal notch.

Modern reconstruction of the pharynx and cervical esophagus is usually lim-
ited simply to providing coverage that can be made sensate. Flaps cannot match
the missing tissue exactly but are often successful in duplicating the form of what
is missing. The oropharynx and hypopharynx are highly developed and complex
anatomical areas that function to prevent aspiration and to allow the food bolus
to pass unobstructed to the esophagus. Reconstruction of these areas with inanimate
and insensate flap tissue can be inadequate to prevent disabling aspiration. Although
form can be provided, function does not necessarily follow. This is illustrated in
patients with multiple cranial nerve deficits after skull base surgery who experience
crippling aspiration and dysphagia. The sensorimotor deficits caused by dysfunction
of cranial nerves 9 and 10 predispose the patient to dysphagia and aspiration despite
possessing a perfectly formed pharynx and larynx. For a patient with a significant
surgical defect involving the pharynx, even dynamic or sensate flap tissue will lack
the coordinated movement required for a normal swallow. In fact, attempts to
reform vital areas of the pharynx by simple replacement with various flaps may be
futile, and partial or complete obliteration of the affected portion may be more effec-
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tive in restoring a successful swallow. This is often the case in defects involving the
soft palate and piriform sinuses. Intractable aspiration may be inevitable after large
or critical areas of the pharynx are resected. In these cases, a total laryngectomy
should be planned coincidentally with the pharyngeal resection even if the larynx
is uninvolved with tumor.

Soft Palate Resection

The speech and swallow disability experienced after resection of the soft palate is
generally proportional to the amount of palate excised. Although important in the
production of intelligible speech, the soft palate’s main function is to close off the
nasopharynx during the pharyngeal phase of swallowing. This obviously prevents
the food bolus from entering the nasopharynx but also provides a pumping
mechanism to propel the bolus over the epiglottis to enter the piriforms. The abil-
ity of the soft palate to seal off the nasopharynx actively is essential. Loss of up to
half the soft palate is manageable with flaps or obturation because the remaining
palate is dynamic and can provide for the natural valvular function of this struc-
ture. Complete loss of the soft palate portends a poor prognosis with respect to
nasal and oral function. The valvular function of the soft palate is completely lost
and only static obturation remains as a reconstructive option. In this case, there is
a trade-off between nasal breathing and sealing the nasopharynx during swallow-
ing. Flaps and obturators will perform the same function: providing for a subtotal
static seal.

In cases of total or near-total removal of the soft palate or if the remaining soft
palate is dysfunctional, mechanical obturation is preferred to obturation using flap
tissue because adjusting the amount of leak is difficult with a soft tissue flap. How-
ever, if adequate dynamic soft palate remains then reconstruction with a flap is pre-
ferred. The amount of soft palate necessary to effect an adequate seal is usually
about half. The palate must be dynamic and of adequate length to reach the poster-
ior oropharyngeal wall and Passavant’s ridge. Minor tissue loss at the lateral margin
of the soft palate may be amenable to primary closure along the free edges of the
palatal and pharyngeal defect margins. More extensive tissue loss will require recon-
struction. With regard to flap reconstruction, two choices are available: recreate the
form of the soft palate using thin folded tissue, or obliterate the portion of the oro-
pharynx on the side of the defect with no attempt to recreate the form of the soft
palate in the area of the defect. Recreating the form of the soft palate with a folded
flap may seem logical but can lead to a poor functional outcome. The typical flap
used for this purpose is the radial forearm free flap because it is thin and easily
folded. Immediately postoperatively, the patient usually experiences minimal pro-
blems with nasopharyngeal leak or velopharyngeal incompetence (VPI) and is able
to perform an adequate swallow. However, the VPI and swallow function inevitably
worsen within weeks as tissue edema subsides and scar contracture occurs. The tissue
edema helps to obliterate the space occupied by the flap, thereby reducing VPI. As
the edema dissipates, VPI increases because the remaining dynamic soft palate can-
not lift the adynamic flap tissue adequately to seal off the nasopharynx. In addition,
scar contracture across the reconstructed portion of the soft palate will pull the
dynamic portion of the palate forward (clothesline effect), significantly worsening
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VPI. These factors make attempts at recreating the form of the soft palate futile and
counterproductive.

In the absence of truly dynamic tissue able to replicate soft palate function
exactly, it is best to obliterate the space. This can be accomplished with a variety
of soft tissue flaps since their bulk is not an issue unless the excess bulk intrudes
on the opposite normal side. The free lateral edge of the soft palate should be
approximated to the posterior oropharyngeal wall as much as possible. In patients
with significant palatal defects, this will leave deadspace lateral to this closure that
can be filled with flap tissue (Fig. 19). Postoperatively, the remaining dynamic palate
is able to seal the nasopharynx and this function is minimally affected by scarring
within the soft palate or flap tissue.

Hypopharyngectomy

The piriform sinuses play a critically important role in a successful swallow. Their
main function is to transmit the food bolus safely into the esophagus without laryn-
geal penetration or aspiration during the final phase of swallowing. During a normal
swallow, the larynx elevates and the piriform sinuses open widely to accept the food
bolus passing it through a relaxed cricopharyngeal conduit. This sequence of events
is critical to propel the bolus into the cervical esophagus, since residual or regurgi-
tated food or liquid will spill over the aryepiglottic folds (penetration) and be sucked
into the trachea (aspiration) after the swallow is complete and the larynx returns
to its normal unprotected position. Anything that disrupts this intricate process will

Figure 19 Sensate lateral arm free flap used to obliterate a lateral soft palate defect and

reconstruct the lateral oropharyngeal wall. Note the portion of the flap used to obliterate the
space behind the palatal defect (star).
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often result in disabling dysphagia and aspiration. Even an adynamic upper esopha-
geal segment (within about 3 cm from the cricopharyngeus) will disrupt this process.
Therefore, circumferential reconstruction of the esophagus within 3 cm of the crico-
pharyngeus places the patient at significant risk for aspiration. Even relatively minor
resection and primary closure of the lateral piriform sinus often result in aspiration
difficulties, but these problems can usually be overcome with intensive swallow ther-
apy. Through this, the patient is taught to turn the head toward the affected side to
close off (functionally obliterate) the piriform sinus. This directs the bolus to transit
the normal side. The success of this maneuver provides insight into how to prevent
aspiration in patients with larger piriform defects. It must be stated, however, that
the majority of patients undergoing significant partial resection of their piriform
sinus will require a coincidental total laryngectomy since disabling (and life-threaten-
ing) aspiration will result if the larynx is left intact. Attempting to reconstruct the
piriform sinus, even with a thin sensate flap (e.g., radial forearm), is often ineffective
in restoring a normal swallow and preventing intractable aspiration. Like soft palate
reconstruction, simply recreating the form is inadequate. Obliteration of the affected
piriform holds promise by redirecting the food bolus. Still, the patient will be at sig-
nificant risk for aspiration and must be warned that total laryngectomy may be
required if postoperative rehabilitation to prevent aspiration is unsuccessful. Oblit-
eration of the piriform is accomplished by limited recruiting of adjacent pharyngeal

Figure 20 Typical posterior pharyngeal remnant remaining after partial laryngopharyn-
gectomy.
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mucosal to allow closure. The piriform is essentially closed as the surrounding
mucosa is recruited. A soft tissue flap may be placed over the suture line to further
aid in collapsing the sinus. Nevertheless, the success of this operation with regard to
the preservation of laryngeal and swallow function is poor. The surgical treatment of
defects that extend beyond a single piriform is total laryngopharyngectomy with par-
tial or total pharyngectomy. Coincidental laryngectomy is usually necessary after
surgical resection of a piriform sinus neoplasm, especially in older patients, those
with pre-existing sensory or pharyngeal motor disturbance, and patients with a history
of prior radiation therapy.

Partial Laryngopharyngectomy

Total laryngectomy and partial hypopharyngectomy are common defects most often
resulting from resection of a laryngeal tumor that has spread to a piriform sinus. The
remaining pharynx usually consists of a vertically oriented remnant extending from
the base of tongue (oropharynx) to the cricopharyngeus (Fig. 20). If this posterior
hypopharyngeal remnant cannot be closed primarily, pharyngeal reconstruction
using flap tissue is needed. An adequate amount of pharyngeal mucosa is character-
ized by its ability to allow primary closure with a continuous vertically oriented
suture line around a #8 endotracheal tube without tension. As with all mucosal

Figure 21 Pectoralis myocutaneous flap being sutured to the posterior pharyngeal remnant
to form a complete tube.
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suturing techniques in the pharynx, inverting (interrupted) absorbable sutures
(Vicryl or polydioxanone suture on a tapering needle) are used to achieve a water-
tight closure. There is no serosa associated with the pharyngeal mucosa, so a second
layer of constrictor muscle over the suture line is useful. If the posterior remnant is
deemed inadequate to form a suitable tube for swallowing then a soft tissue flap is
needed. The flap of choice in this circumstance is the pectoralis major myocutaneous
flap because of its reliability, availability, and ease of harvest. Although the flap does
not easily form a tube on itself, it is adequate to create a partial tubular form with the
posterior wall consisting of the existing pharyngeal strip (Fig. 21). The posterior rem-
nant provides adequate elasticity for unimpeded food bolus transit to the esophagus.
It makes little difference which regional or free cutaneous flap is used, as long as the
anterior wall is replaced with well-vascularized skin to achieve a watertight seal. In
patients with a hirsute chest or in women an alternative to the pectoralis flap may be
chosen.

Total Laryngopharyngectomy

Total laryngopharyngectomy is a relatively common operation characterized by
absence of the larynx, pharynx, and upper cervical esophagus. This operation is typi-
cally done for treatment of hypopharyngeal or postcricoid cancers. Reconstruction
of this defect is deceivingly complex. In a most basic sense, only a simple conduit
of adequate diameter is required to allow dependent passage of the food bolus from
the upper pharynx to the cervical esophagus. Concerns regarding the intricacies of
normal swallowing, especially sensation and coordinated movement, can largely be
discarded because the larynx is removed and aspiration is not a risk. The various
reconstructive methods have evolved dramatically from Wookey’s operation
described over 60 years ago to modern techniques utilizing microvascular flap trans-
fers (Table 1).

Historical Perspective

The modern era of pharyngeal reconstructive surgery using flaps began with the
now-classic Wookie operation. Wookie (1942) described the use of staged cervical

Table 1 Various Reconstructive Methods, Both Historical and Modern,
with Representative Procedures in Each Category

Reconstruction method Representative procedures

Prosthetic tubes Salivary bypass tube Plastic and Teflon tubes

Local flaps Wookey operation (1942)

Local pedicled autografts Laryngotracheal autograft (1956)

Regional flaps Deltopectoral flap (1965)

Lateral trapezius (1980)

Pectoralis major (1979)

Colon transposition Transverse=descending colon (1954)

Stomach transposition Reversed gastric tube (1957)

Gastric pull-up (1960)

Microvascular visceral transplants Jejunum (1957)

Microvascular skin transplants Radial forearm (1985)

Lateral thigh (1983)
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flaps to reconstruct a total laryngopharyngectomy defect. A laterally based subpla-
tysmal cervical flap equal to the vertical height of the defect was raised and trans-
posed to the posterior aspect of the defect, thereby covering the cervical spine.
The flap must be raised over the side of the neck dissection; an ipsilateral neck dis-
section (under the base of the flap) cannot be done because it may compromise the
flap’s vascularity. The upper and lower free edges of the cervical flaps are sutured to
the posterior aspect of the oropharyngeal and esophageal defects, respectively. Tem-
porary pharyngostoma and esophagostoma are created. After several weeks to
months, bilateral medially based cervical flaps are elevated and closed to each other
in the midline. The raw surfaces left after inward rotation of the skin flaps are cov-
ered with a skin graft. This procedure is rarely if ever used today. Multiple problems
were associated with this procedure including the need for multiple stages and revi-
sions, frequent partial flap loss, the presence of a salivary fistula that often diverts
saliva directly into the tracheostome, frequent pharyngeal stenosis and dysphagia,
risk of flap necrosis if bilateral neck dissections are performed, and prolonged hos-
pitalization. Radiation therapy, if instituted after the first stage, makes the remaining
cervical flaps unusable.

Subsequent significant developments included the use of more reliable and sin-
gle-staged procedures. The use of the adjacent larynx (laryngotracheal autograft),
especially for small-volume circumferential postcricoid defects, was one of the ear-
liest attempts to utilize flap tissue to achieve one-stage closure of pharyngeal defects
(18). Pedicled colonic interposition was described in the early part of the 20th cen-
tury (Kell). This operation had many variations but eventually the use of the left
colon became favored because of its superior reach and vascularity. A sufficient
length of colon (to reach the oropharynx) can be obtained by harvesting the full
length of intestine between the cecum and sigmoid. The primary blood supply to
the middle colon is from several middle colic arteries via the superior mesenteric
artery. The distal (sigmoid) colon is transferred into the neck behind the stomach
and sternum and suture-anastomosed circumferentially to the oropharynx. The
proximal ascending colon is suture-anastomosed to the stomach along the lesser cur-
vature. Colonic transfer is not a first-line reconstructive method, especially for repla-
cement of hypopharyngeal circumferential defects. Because of perfusion problems
and bringing contaminated segments of bowel into the neck, this method is prone
to postoperative infection and a 45% incidence of significant thoracoabdominal
complications. Flap loss from inadequate pedicle length may occur, more commonly
with right colon transfers than left, and overall mortality approaches 10%.

Despite the significant morbidity associated with colonic transfer, intestinal
transfer is considered to be the closest match to the missing pharyngeal segment
available in the body. Microvascular transfer of a free jejunal segment was success-
fully performed in 1957, and with improvements in microvascular technique this
method eventually surpassed all others in popularity in the late 20th century. How-
ever, several significant advancements occurred in the interim, including the develop-
ment of gastric transposition flaps and regional flaps.

Gastric Esophageal Replacement

The reversed gastric tube (1957) and gastric pull-up (1960) seemed to possess
many advantages over colonic transfer, including improved vascularity and the
requirement of only a single intestinal anastomosis. Although the reversed gastric
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tube is still used today for primary esophageal replacement, especially in children
with benign strictures, it is rarely applied to the typical circumferential hypopharyn-
geal defect. Gastric pull-up continues to be a useful method for total esophageal
replacement. The gastric fundus is able to reach the oropharynx in the majority of
cases, making it a viable and useful method for reconstruction of circumferential
hypopharyngeal defects.

The gastric pull-up procedure is the modern technique of choice for recon-
structing the pharynx when the hypopharyngeal tumor extends significantly into
the proximal cervical esophagus. If the planned surgical resection includes the upper
cervical esophagus, at or below the sternal notch, then gastric pull-up is the proce-
dure of choice because the proximal esophagus is inaccessible from the neck for
an anastomosis. Thoracotomy to access the proximal esophagus is not recommended
since an intrathoracic intestinal anastomosis should be avoided. Gastric pull-up is a
good solution to this problem because an intrathoracic anastomosis is avoided.

The gastric pull-up operation was first described by Ong and Lee in 1960 but
became popular after development of the technique of blunt esophagectomy by
Orringer and Sloan in 1978. To mobilize the stomach, the left gastric and short gastric
arteries and left gastroepiploic vessels are divided, leaving the stomach supplied by the
right gastric and right gastroepiploic arteries. The diaphragmatic hiatus is enlarged,
the duodenum is mobilized, and vagotomy and pyloroplasty are performed. The sur-
gical team from below bluntly mobilizes the thoracic esophagus towards the neck
while the surgical team in the head and neck pulls the esophagus and stomach into
the neck. The esophagus is then divided at the gastroesophageal junction and deliv-
ered with the laryngopharyngectomy specimen. The gastroesophageal junction is
sewn over and an opening is created in the fundus for anastomosis with the circum-
ferential oropharyngeal defect. Multiple retaining sutures are placed posteriorly from
the fascia over the cervical spine to the stomach to support the weight of the stomach
and relieve the oropharyngeal anastomosis of excessive tension. Since there is only
one suture line, there is a reduced chance of wound breakdown and the suture line
is high in the neck where stricture formation is uncommon. The flap has excellent
blood supply and allows one-stage reconstruction, even in irradiated patients.

Despite the popularity of this procedure, the associated morbidity and mortal-
ity are significant. Major abdominal or thoracic complications occur in 25–50% of
patients and stomach necrosis occurs in 3% of cases. Mortality has dropped from
15% to around 7% today. Functional problems include regurgitation of gastric con-
tents, dumping syndrome, and poor-quality tracheoesophageal speech. The advan-
tages include improved distal margins (because the entire esophagus is removed)
and better access to the paratracheal lymph nodes. Recovery times are generally
rapid, with a return to swallowing usually within 2 weeks. Stenosis is relatively rare
because of the absence of a distal suture line. Contraindications include prior gastric
surgery, portal hypertension, and advanced cardiopulmonary disease. High lesions
where the proximal resection approaches the nasopharynx may not be suitable for
pull-up due to insufficient reach of the flap. Larynx-preserving procedures are not
possible with gastric pull-ups.

Jejunal Esophageal Replacement

The free jejunal autograft is the most popular transplant for reconstruction of phar-
yngoesophageal defects. A segment of the second jejunal loop along with its superior
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mesenteric arcade of vessels is transplanted into the neck and revascularized using
microvascular techniques (Fig. 22). A general surgical team can harvest the flap in
less than 1 h. A feeding jejunostomy is performed at the same setting. The flap is
carefully placed in an isoperistaltic orientation and both enteric anastomoses are
completed prior to revascularization. The marker segment is brought out through
the lower medial neck incision (Fig. 23). The distal anastomosis (esophagojejunal)
is prone to stricture because of the continuous circumferential suture line. It is best
to break up the continuous line of suture by creating a V-plasty. Postoperative radia-
tion is well tolerated with minimal morbidity. Although distal anastomotic stricture
is relatively rare, it is obviously more common to this technique than to gastric pull-
up. Significant intra-abdominal complications occur infrequently. Voice rehab-
ilitation is on par with gastric pull-up.

Regional Flap Esophageal Replacement

Regional flaps have a limited role in the reconstruction of circumferential pharyngeal
defects. However, prior to the common use of microvascular flaps, regional flaps
were briefly the flap of choice. The deltopectoral flap (1965) was heralded as a major
advance in reliable pharyngoesophageal replacement. The deltopectoral flap was
also a significant advance in the understanding of axial flap physiology. This flap

Figure 22 Revascularized jejunal segment in place provides a conduit between the

oropharynx and esophagus.
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was well vascularized and outside the usual neck irradiation portals and it could be
transferred easily to the pharynx. However, as with the Wookie procedure, recon-
struction required multiple stages. A controlled fistula is created after the initial sur-
gical transfer of the flap. After at least 3 weeks, the pedicle is divided and the
esophageal anastomosis is completed, closing the fistula. In practice, multiple proce-
dures are usually required finally to close the fistula and postoperative stricture at
the distal anastomosis is common. Time to a successful swallow averages 10 weeks
and several months of hospitalization are typical.

The other most commonly used regional flap is the pectoralis major. This
flap became the workhorse of head and neck reconstruction including the phar-
ynx shortly after it was introduced in the late 1970s. Early reports of its use
by Baek and Withers for circumferential defects included a recommendation to
create of a temporary controlled fistula because of the high rate of uncontrolled
fistula formation after primary reconstruction. The main problem using the pec-
toralis flap for circumferential pharyngeal defects is its excessive bulk. Forming a
tube with this flap has been likened to trying to form the New York City Yellow
Pages into a tube. The suture line is under some tension as a result of this phe-
nomenon, making postoperative fistulization more likely. In addition, the interior
of the neopharynx becomes quite tight causing significant dysphagia postopera-

Figure 23 The jejunum is in place with the marker segment extending through the lower
neck incision.
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Figure 24 The tubed radial forearm flap is depicted as harvested from the arm with a
proximal marker segment. After the flap is inset, the marker segment is incorporated into the

cervical flap incision for monitoring purposes.

Figure 25 The distal anastomosis is demonstrated (thin arrow:esophagus; thick arrow:flap)
and the flap is shown nearly completely tubed.
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tively. Today, the pectoralis flap is relegated to repair of only partial pharyngeal
defects. Of course, it remains a workhorse for other types of head and neck
defects.

Free Fasciocutaneous Flap Esophageal Replacement

Using skin flaps for pharyngeal reconstruction has many advantages. Skin is the
most donatable and easily accessible organ in the body; it is relatively ischemia-
tolerant; providing it is sufficiently pliable and thin, it can be formed into a
tube easily; morbidity associated with harvest can be insignificant; and tracheo-
neoesophageal speech is better than that achieved with visceral flaps. The fact
that skin flaps do not provide a moist or secreting surface and that they are
adynamic appears to make no difference with respect to a functional swallow
compared to visceral flaps. The most common microvascular skin flaps used
are the radial forearm and lateral thigh. The radial forearm flap is easily tubed
and readily available in most patients (Fig. 24). It is rapidly harvested with large
donor vessels. The ease, reliability, and functionality of this flap for pharyngeal
reconstruction are unsurpassed. A useful alternative is the lateral thigh flap,
although its harvest is more difficult (Fig. 25). Harvested from the lateral aspect
of the thigh, the donor site can be closed primarily in most instances leaving
only a linear scar. As with a radial forearm flap, a two-team approach is pos-
sible, reducing operative time. First described by Baek in 1983, the lateral thigh
flap is based on the third perforating branch of the profunda femoris artery
running in the intermuscular septum between the vastus lateralis and biceps
femoris muscles. In selected patients, flap thickness rarely exceeds 5mm, so
forming it into a tube is quite easy (Fig. 26). A V-plasty should be done at
the distal anastomosis and a marker segment is attached for remote monitoring
(as with the radial forearm) (Fig. 27). Sensory reinnervation is possible but
unnecessary. Contraindications include local obesity (saddle-bag thighs), previous
trauma, severe peripheral vascular disease, or prior hip replacement surgery that
may have disrupted the perforating vessels.

Figure 26 Thickness of the lateral thigh fasciocutaneous flap.
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RECONSTRUCTION AFTER MAXILLECTOMY

Introduction

The maxillectomy surgical defect varies widely with respect to size, orientation, and
complexity. The traditional radical maxillectomy defect is usually amenable to pros-
thetic rehabilitation with good success. In fact, traditional teaching favors a prosthe-
tic-only approach because it allows easy inspection of the cavity for tumor
surveillance after removal of the prosthetic appliance in the office. Proponents of
flap reconstruction for these classic defects argue that leaving the cavity open is
worthless because patients with tumor recurrence are most often unresectable any-
way. In addition, they cite the fact that maxillary carcinoma carries a poor prognosis
and flap reconstruction improves the patient’s quality of life because it frees them
from having to care for the prosthesis and the large cavity that tends to gather crusts
and bits of food. Although these arguments are compelling, flap reconstruction is a
more complex and uncertain endeavor than prosthetic rehabilitation. Although
reconstructive surgery after maxillectomy is an increasingly popular alter-
native to prosthetic rehabilitation, the use of prosthetic appliances remains the
popular choice.

Although the classic radical maxillectomy defect (maxilla including the
hemi-hard palate sparing the orbital rim and globe) is most commonly found after
resection of maxillary sinus carcinoma; lesser or greater removal of hard and soft tis-
sues may be needed in selected patients. In general, surgical reconstruction is
reserved for maxillectomy defects that are quite small (amenable to local or regional
flap coverage) or large (significantly larger than after routine radical maxillectomy).
With the advent of microsurgical flaps, the ability to close large complex defects suc-
cessfully has improved dramatically. In fact, microsurgical flap reconstruction has
become the mainstay of treatment in these cases. Local and regional flaps such as
the temporalis and various oral transposition flaps (e.g., palatal and buccinator myo-
mucosal) are used rarely and usually reserved for smaller defects.

Goals

The goals of rehabilitation after maxillectomy using a prosthesis or a flap are similar
and include restoration of a sealed oral and oropharyngeal cavity and normal speech

Figure 27 Lateral thigh flap harvested with a ‘‘V’’ incorporated for the distal anastomosis
and an island-monitoring segment.
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and swallowing. After routine maxillectomy, a skin graft is used to line the cavity,
bolstered with temporary packing supported by an interim (initial) surgical prosthe-
sis. A subsequent prosthesis is fashioned after the skin graft has healed to obturate
the cavity and close the oronasal fistula.

Although the functional goals (speech and swallowing) are similar, flap recon-
struction of large complex maxillectomy defects also includes obtaining a healed
wound, soft and hard tissue obliteration of the surgical cavity, restoration of facial
contour, and soft tissue coverage of cheek and orbital defects (19). Both in prosthetic
management and flap reconstruction, restoration of an even and stable distribution
of occlusal forces is needed for successful mastication.

Pertinent Anatomy

The maxillae are paired structures consisting of hollow pyramids with their apexes situ-
ated posteriorly, each supported by three buttresses that resist the forces of mastication.
The buttresses include the nasomaxillary, zygomaticomaxillary, and pterygomaxillary.
The multiple buttresses help to distribute the forces of mastication evenly. The compo-
nents of each maxilla include the homolateral hard palate, lateral nasal wall, homolat-
eral alveolus, and the anterior face. Each maxilla has four processes that articulate with
surrounding facial bones including the zygomatic, frontal, alveolar, and palatine.

Each maxilla contributes to several important anatomical structures including
the medial and inferior bony orbital rim, lacrimal fossa, and floor of the orbit. The
nasolacrimal duct and infraorbital vessels and nerve course through the maxilla. The
orbital surface of the maxilla is triangular and forms the majority of the floor of the
orbit. Resection of the floor of the orbit, sparing the orbital rim, is commonly done
in the course of a routine maxillectomy. There is usually no need to replace this bony
support since Lockwood’s ligament serves to prevent herniation of the orbital con-
tents into the surgical defect.

Prosthetic Management

Prosthetic management of the radical maxillectomy defect is the traditional method
of rehabilitation. Clinical experience using prosthetic devices for this purpose is
significant and it has become clear that certain factors are favorable with regard
to prosthesis retention and function. These include the presence of an intact opposite
hemipalate, retention of healthy teeth adjacent to the palatal defect, retention of the
majority of the soft palate, and formation of a linear contracted scar around the
cheek facilitated by the placement of a skin graft at the time of the extirpative sur-
gery. The size of the defect is proportional to the likelihood of excessive prosthesis
movement and failure. The presence of stable teeth, especially next to the defect, sig-
nificantly improves this relationship. Using a prosthesis after maxillectomy nonselec-
tively will result in several patients experiencing difficulties that include leakage and
poor mastication. Approximately 70% of patients describe their swallowing and
speech as fair to good. To avoid these complications, certain surgical defects should
either be prepared with osseointegrated implants or left for flap reconstruction.

Prosthesis retention and stability are major determinants of successful obtura-
tion and mastication. An unstable prosthesis is more likely to leak and be unable to
withstand the forces of mastication. Stability and retention are intimately related. In
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general, stability increases as the size of the opposing hard palate increases. The canti-
lever effect of vertical prosthesis movement within the cavity secondary to mastication
is lessened when the opposite normal palate extends beyond the midline. If there is sig-
nificant remaining normal hard palate, it is possible that a tissue-borne prosthesis will
work (Fig. 28). A tissue-borne prosthesis is one that depends only on the underlying
tissues for support, much like a denture. With less remaining hard palate it is possible
to extend the obturator into the cavity to engage the bony elements, including the prox-
imal stumps of the buttresses. After engaging these bony surfaces, the prosthesis is
retained over the lateral scar band at the junction of the skin graft and oral mucosa.
The prosthesis can also be attached to healthy teeth in the remaining alveolus to
improve its stability and retention when the hard palate defect extends across the mid-
line. This tooth-borne prosthesis can be quite stable since the teeth assist to retain the
prosthesis and to limit the cantilevering effect of mastication. The prosthesis attaches to
the teeth with clasps similar to a partial denture. If teeth are not present in the remain-
ing alveolus and the prosthesis is unstable, the patient may be a candidate for osseoin-
tegrated implants. These implants are best placed along the remaining alveolus and are
essentially tooth substitutes that act to secure a full denture. This implant-borne pros-
thesis can be snapped out for cavity inspection and cleaning.

Preparation of the surgical cavity to accept a prosthesis is an important aspect
of treatment. During resection, healthy teeth in the remaining alveolus should be
preserved. The abutment teeth are most important. To ensure the survival of abut-
ting teeth, the osteotomy should be done through the adjacent tooth socket instead
of the space between the teeth. This will preserve a stabilizing shelf of bone around
the last tooth. The radical maxillectomy cavity is skin-grafted to enhance healing and
facilitate the formation of a scar band inferolaterally that will be important to help
retain the final prosthesis. An initial (surgical) prosthesis is used to hold the bolster
in the cavity against the skin graft. It also facilitates speech and swallowing in the
immediate postoperative period and after the bolster is removed. This prosthesis is
created preoperatively by the prosthodontist. A new interim prosthesis is created
by the prosthodontist after the acute postoperative period that will better fit the
defect and minimize leakage. The patient usually uses this prosthesis through radia-
tion therapy. Once the cavity has stabilized, the final prosthesis will be fitted. This
prosthesis will be modified as needed to enhance function and comfort.

Figure 28 Typical tissue-borne prosthesis consisting of an obturator portion that extends
into the maxillary defect and a denture portion that conforms to the remaining hard palate (a).
The tissue-borne prosthesis in place (b).
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Prosthetic management of soft palate defects is more difficult because of the
mobility and intricate muscular coordination of this structure. A significant defect
in the soft palate may leave an orphaned area of soft palate (a band of tissue); this
defect is difficult to obturate effectively. Removal of the remaining soft palatal band
of tissue may be needed to improve the ability of the obturator to create an effective
seal. This is especially true if the posterior band is foreshortened and not able to
reach the posterior pharyngeal wall. A notable exception to this is in a patient that
has undergone a maxillectomy and a large cavity is created above the level of the
hard and soft palates. In such a case, the soft palatal band of tissue will assist in
retaining the prosthesis.

Certain size-related and configuration-related factors may be present after
maxillectomy that impede the successful use of a prosthesis. Large-volume defects
including radical maxillectomy associated with orbital exenteration and=or
removal of cheek skin are difficult or impossible to obturate effectively. Facial con-
tour problems arise when the resection approaches the medial zygomatic bone and
inferior orbital rim. Due to the limitations of local flap tissue design, periorbital
reconstruction including the inferior orbital rim requires the use of nonvascularized
bone grafts and titanium mesh. These implants require envelopment in vascularized
flap tissue for survival and integration. When the resected palate includes the pre-
maxilla (including the canines and nasal spine), prosthetic rehabilitation is difficult
and movement of the prosthesis with mastication is common. Vascularized bone
reconstruction is essential to provide a stable base for a prosthesis or osseointe-
grated implants and to maintain the contour and projection of the upper lip and
nasal base.

Commonly Used Flaps

Flaps have traditionally played a small role in the rehabilitation of patients who have
undergone routine maxillectomy. However, some maxillectomy defects are difficult
to manage prosthetically as outlined above. For example, large-volume defects that
include orbital exenteration along with the typical radical maxillectomy. Conven-
tional treatment of this defect is to resurface the bony orbital cavity with a tempor-
alis flap and obturate the maxillary defect. A medial forehead flap has also been used
for this purpose. Large-volume defects that include the overlying cheek skin are com-
plex and difficult to reconstruct. The priority with regard to reconstructive surgery
shifts away from the maxillectomy defect to the need for extensive facial reconstruc-
tive surgery. In the past, regional flaps, including the deltopectoral or lower island
trapezius flaps, were used in combination with a skin graft and obturator. The
results ranged from dysfunctional to grotesque.

The modern era of reconstructive surgery began with the introduction of free
flaps. A free flap consists of components that can be manipulated to reconstruct
complex composite maxillary defects without the use of prostheses. Their bony
and soft tissue components can be formed into a three-dimensional composite graft
that will readily resurface large cheek defects, fill the bony orbit, obliterate the maxi-
llary cavity, and resurface the lateral nasal cavity, while providing vascularized bone
to act as a neoalveolus for the acceptance of osseointegrated implants. Still, due to
the difficulties encountered in shaping the bone, reconstructing the orbital floor and
rim is usually done with nonvascularized bone grafts and mesh. The flap that is most
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appropriate to resurface large-volume defects that include cheek skin while providing
vascularized bone is the scapular free flap (subscapular system). Other commonly
used free flaps for maxillary reconstructions include the fibular osteocutaneous flap,
rectus myocutaneous flap, iliac crest osteocutaneous flap, and radial forearm osteo-
cutaneous flap. There are few reports of prefabrication using osseointegrated
implants and skin grafts to mold the free flap at the donor site into the proper con-
figuration prior to definitive transfer (20).

Defect Classification

The nomenclature involving maxillectomy is confusing and arbitrary. A cogent clas-
sification system is needed to associate the described maxillary defect better with the
appropriate method of rehabilitation and reconstruction. A good place to start is to
better define the classic defect or ‘so-called’ radical maxillectomy. A radical maxil-
lectomy is the most common type of maxillectomy and is usually amenable to man-
agement with prostheses. Radical maxillectomy includes the removal of the entire
maxilla, including the majority of the orbital floor. This term is also applicable when
removal of the maxilla includes the removal of the pterygoid plates, ipsilateral nasal
bone, ethmoid labyrinth, and lamina papyracea. Modern vernacular often substi-
tutes the term ‘radical’ with ‘total’. Anything less than a total maxillectomy is desig-
nated as ‘subtotal’ or ‘limited’. More extensive removal of surrounding structures is
designated as ‘extended’. Cordeiro et al. describe a classification schema based on
these designations (Table 2).

Surgical Algorithm

Although management of each type of maxillectomy defect may vary somewhat
according to the surgeon’s preference, consideration of each individual defect
according to the aforementioned schema helps to narrow the reconstructive options
significantly. Unless a free flap is definitely planned with complete obliteration of the
maxillary defect, the prosthodontist should be consulted preoperatively.

Type 1: Limited Maxillectomy

Loss of only the anterior or medial walls of the maxillary sinus is inconsequential
and requires no reconstructive or prosthetic management. Occasionally, the

Table 2 Maxillectomy Classification

Designation What’s removed

Type 1: limited maxillectomy Anterior and=or medial walls: sometimes the orbital rim w=soft

tissues and cheek skin

Type 2: subtotal maxillectomy Lower five walls including the palate (classic hemimaxillectomy)

Type 3a: total maxillectomy All six walls w=sparing of orbital contents (radical maxillectomy)

Type 3b: extended maxillectomy Total maxillectomy w=orbital exenteration

Type 4: orbitomaxillectomy Upper five walls w=orbital exenteration and sparing of hard palate

Source: From Ref. (22).
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orbital rim must be sacrificed along with a variable quantity of cheek skin. These
are small-volume but potentially large-surface-area defects that require bone for
replacement of the orbital rim. Small cheek defects are best managed with cheek
rotation or transposition. Larger defects not amenable to cheek rotation are
managed with a radial forearm free flap. The underlying orbital rim defect is
managed with a non-vascularized bone graft in any case. The osteocutaneous
radial forearm flap should be avoided because of significant potential donor site
morbidity.

Type 2: Subtotal Maxillectomy

This classic hemimaxillectomy defect is probably best managed by the traditional
prosthetic management protocol. Avoidance of a prosthesis is possible but a free flap
is necessary. Obliteration of the maxillary sinus cavity, provision of bone for the
neoalveolus and for support and anterior projection of the upper lip, and skin cover-
age for the neopalate and lateral nasal cavity are needed. An augmented (large sub-
cutaneous extension) radial forearm free flap with a nonvascularized bone graft (e.g.,
hip) for the neoalveolus will fulfill these requirements. The free flap is designed in an
‘L’ shape to provide skin coverage for the neopalate and lateral nasal wall. However,
a drawback of this method is that if postoperative radiation therapy is planned the
nonvascularized bone graft will most likely not survive. Although potentially mor-
bid, an osteocutaneous radial forearm flap is a better choice in this situation.
Another option is a fibular osteocutaneous flap. The bone is osteotomized to follow
the anterior curvature of the native alveolus and the skin of the lateral leg is used to
cover the neopalate and lateral nasal cavity. Significant muscle is left attached to the
fibular bone during harvest to assist in obliteration of the maxillary sinus. A third
option is a composite scapular flap, but the thickness of the skin paddles often leads
to an overly bulky flap that results in nasal obstruction and hangs down into the
mouth. Multiple revisions are needed for adequate thinning.

Anterior bilateral subtotal maxillectomies (essentially a total palatectomy) can-
not be reconstructed effectively with a prosthesis because of the extensive bony loss
and absence of support for a prosthesis. In this type of defect, obliteration of the
maxillary antra is often not necessary since only a portion of the floor of each
antrum is involved and the majority of each sinus is left intact. The main considera-
tion is replacement of bone to form a new palate with minimal overlying soft tissue.
The entire floor of the nose must also be reconstructed. A sandwich flap consisting of
bone sandwiched between skin is required. Either a fibular osteocutaneous flap or
scapular osteocutaneous flap will suffice. The fibular bone must be osteotomized
extensively to follow the natural curve of the anterior and lateral dental alveoli.
The skin of the lateral leg is often quite thin and will cover the bone without undue
bulkiness. There is no need to osteotomize the scapular bone since a bite of lateral
scapular bone can be taken. Its free thick edge is used to reconstruct the anterior
and anterolateral neoalveolar ridges and is suitable for osseointegration. The bone
is secured with straight titanium miniplates that extend onto the nasomaxillary
and zygomaticomaxillary buttresses. The scapular skin paddles are typically rela-
tively thick and, on the palatal side the flap, tend to hang into the oral cavity.
Subsequent revision and thinning are necessary.

Total maxillectomy (type 3a, radical maxillectomy) is a similar defect to the
classic hemimaxillectomy except that the majority of the orbital floor is removed.
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This rarely presents a problem with support of the globe because of the presence of
Lockwood’s ligament. However, if enophthalmos or vertical dystopia is noted, tita-
nium mesh can be placed as in a typical blow-out fracture. There is no need to cover
the plate on the defect side with vascularized tissue.

Type 3b: Extended Maxillectomy

The extended maxillectomy defect is a large-volume defect that includes the orbital
contents and=or cheek skin. Aside from the usual requirements of soft tissue and
bone after a subtotal maxillectomy, there is a need to cover (or obliterate) the eye
socket and to reconstruct the often-extensive cheek defect. The inferior orbital rim
is often also removed when the cheek skin is involved.

Patients undergoing maxillectomy with orbital exenteration are candidates for
a bone-containing free flap. Only the scapular flap and iliac crest flap possess suffi-
cient soft tissue bulk to close these defects effectively while providing adequate bone
substrate for osseointegration. Multiple paddles can be created to close the nasal,
palatal, and socket defects independently while completely obliterating the maxilla.
The thickness of the flaps can be significant and, although fine for socket oblitera-
tion, this excessive bulk will cause nasal obstruction and a large roof-of-mouth mass.
The iliac crest flap is a good solution since it provides adequate bone stock for both
the neoalveolus and orbital rim, and the internal oblique muscle can be draped over
the bone intraorally to provide a relatively thin covering (21). The skin component
may be used for obliteration of the socket.

Extended maxillectomy with cheek skin excision (but not orbital exenteration)
may be reconstructed with a bone-containing free flap to provide a substrate into
which osseointegrated implants are placed for denture retention. Any of the common
osseous free flaps are capable of closing this defect. For example, an osteocutaneous
scapular flap can be used with the bone secured across the neoalveolus with a
straight miniplate (Fig. 29). The skin components are used to cover the lateral nasal
wall, cheek, and hard palatal defects. Unfortunately, the osseous free flaps do not
have skin components that are a good match in terms of color and texture with nat-
ural cheek skin. Patients undergoing maxillectomy, orbital exenteration, and exci-
sion of overlying cheek skin are also candidates for a bone-containing free flap.
Of the bone-containing free flaps, only the subscapular system and iliac crest osteo-
myocutaneous flaps possess sufficient tissue volume and plasticity to reconstruct this

Figure 29 Bone graft secured across the neoalveolus with a lengthy miniplate.
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extensive defect. The drawbacks to using the scapular flap include the need to turn
the patient for flap harvest and the problems previously mentioned regarding excess
bulk. In fact, the excessive bulk and small bone stock in the oral cavity often impede
the placement of osseointegrated implants unless multiple shaping and debulking
procedures are performed. The prognosis for these patients is poor and they may
not desire or have sufficient survival time to complete the multiple revision proce-
dures necessary for full oral rehabilitation. Palliation in these patients is of utmost
concern. For this reason, a more expeditious method with lower potential donor site
morbidity is chosen. The flap most often used in this circumstance is the myocuta-
neous rectus abdominis free flap. It can be fashioned into a tripartite soft tissue flap
that is folded to provide skin cover for the lateral nasal wall, hemipalate, cheek, and
orbit while obliterating the antrum and socket (Fig. 30). This type of reconstruction
is applicable to patients with extensive cheek resections with or without orbital exen-
terations (Figs. 31, 32).

Figure 30 Tripartite myocutaneous rectus flap to reconstruct a complex three-dimensional
extended maxillectomy defect.

Figure 31 Patient with extended maxillectomy defect associated with a large cheek resection
and orbital exenteration. Large tripartite rectus myocutaneous flap being sutured into place
(C, cheek surface; N, nasal surface; P, palate surface).
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Type 4: Orbitomaxillectomy

The orbitomaxillary defect is relatively simple in that the hard palate remains intact.
The surgical requirements include obliteration of the antrum and socket with skin
coverage over the orbit. Reconstruction of the orbital rim can be done with a non-
vascularized bone graft to maintain cheek contour. Although this defect does require
free tissue transfer, most of the fasciocutaneous flaps will suffice. The augmented
radial forearm flap, lateral arm flap, and rectus flap are sufficient.

Conclusion

An orderly approach to reconstruction after maxillectomy using a simple classifica-
tion system is helpful. Although the majority of patients undergoing maxillectomy
are still good candidates for management with a prosthesis, the use of flap tissue
alone or in combination with a prosthesis is sometimes necessary. With the advent
of free tissue transfer, reconstruction of even the classic maxillectomy defect is
becoming more common. Free flaps have also significantly improved our ability
to reconstruct defects that were previously difficult or impossible to obturate
effectively.
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INTRODUCTION

Management of patients with craniofacial anomalies is a time-consuming and dif-
ficult process for parents and physicians alike. For parents, the birth of a baby
with a cleft lip or cleft lip and palate deformity is always an exhausting and emo-
tional time. Many new parents only learn of their child’s condition on the day of
the birth. Without forewarning, the parents are faced with the fact that their baby
is not how they imagined. They may react with shock, fear, grief, disbelief, and
worry (1). Parents will want to know what is wrong with their child and what can
be done to help.

Because of the depth and breadth of the effects of a cleft lip and palate
deformity, these children will require long-term management. To facilitate treat-
ment and ensure continuity of care, most centers have developed a multidisciplin-
ary craniofacial anomalies team. Most teams provide tertiary level medical and
surgical care at large medical centers (2). The cleft team should include members
of the medical, surgical, and allied health professions who will be involved in the
care of patients with cleft lip and palate. The team typically includes a plastic
surgeon, nurse, otolaryngologist, geneticist, developmental pediatrician, social
worker, pediodontist, orthodontist, oral surgeon, and a speech and language
specialist.

The team approach to the treatment of cleft lip and palate was designed to pro-
vide comprehensive health care in a setting that is convenient for both parents and
health care workers. The parent’s life is simplified because they can schedule all of
their appointments in one office visit. This limits the amount of time that the parents
and child have to spend commuting to and from appointments, which is particularly
important in rural areas where families may live considerable distances from the
medical center. The team approach also benefits the physicians, who can quickly
and easily consult other members of the cleft team, allowing for more timely and
convenient medical care and an improved continuity of care. An effective cleft
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team eliminates the dehumanization that occurs when several specialities are
involved in the care of a patient (3).

CAUSES

Cleft lip and palate occur in isolation and as part of various syndromes. Currently,
there are over 300 identified syndromes that include facial clefting (4). The genetic
cause of many of these syndromes has been elucidated; however, much work remains
to be done.

Despite tremendous amounts of research, the cause of nonsyndromic cleft lip
and palate remains unknown. Genetic factors are thought to contribute to the
development of cleft lip and palate since 20% of patients have a positive family
history (5). Nonsyndromic cleft lip and palate is categorized as cleft lip with or
without cleft palate (CL�P) and cleft palate only (CPO). This classification is
based on the fact that CL�P and CPO are two separate diseases with distinct
causes (6).

There is likely a genetic component to CPO and CL�P; however, the details of
the inheritance remains unclear. It is currently believed that the causes of CPO and
CL�P are multifactorial, with both genetic and environmental contributions. Sev-
eral genes have been implicated as causative factors in CL�P, specifically loci on
chromosome regions 2p, 4q, 6p, 17q, and 19q (5).

Several common environmental influences are thought to be contributing fac-
tors in both CL�P and CPO. Several studies have found an association between
cigarette smoking and CL�P and CPO. Among its many detrimental effects, mater-
nal cigarette smoking has now been shown to increase the risk of having a child with
CLþP and CPO (6). Furthermore, there is a dose–response phenomenon with fetal
tobacco exposure: the more cigarettes a woman smokes while pregnant the greater
the risk of her having a child with a cleft defect (7).

Other factors including maternal age, alcohol, drug exposure, race, and gender
have been studied as contributing factors.

EMBRYOLOGY

Cleft lip and cleft palate result from an error in normal development. To understand
the formation and morphology of these defects, one must understand the normal
embryology of the lip and palate. Three areas are considered in the discussion of
the formation of the upper lip: the centrally located frontonasal process and the
two laterally located maxillary prominences. Through an orderly sequence of steps,
the frontonasal process develops into the premaxilla. In the fully developed fetus, the
premaxilla becomes the central portion of the upper lip, the anterior alveolus, and
the primary palate. The two laterally located maxillary prominences grow and
develop into the lateral aspects of the lip.

Before considering the detailed steps involved in this process, it is wise to
consider an overview of the major events. The centrally located frontonasal pro-
cess and the two lateral maxillary processes enlarge and fuse to form the intact
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lip. The maxillary process grows from posterolateral to anteromedial to fuse with
the centrally located frontonasal process. If one imagines the upper lip to be an
archway, then the frontonasal process is the keystone and the two maxillary pro-
cesses are the arms of the arch. Failure of fusion can occur on either side of this
keystone and therefore cleft lip defects can be unilateral or bilateral.

The upper lip develops during weeks 4–6 of gestation, beginning with the for-
mation of the frontonasal process. Initially, the frontonasal process is a mound of
tissue in the center of the developing face. Later, two shallow dimples appear on
either side of this mound forming the nasal placodes. Eventually, the nasal placodes
deepen to form the nasal cavity and nasopharynx. The depressions formed by the
nasal placodes generate ridges on the medial and lateral sides of the nasal placodes.
These ridges are the medial and lateral nasal elevations. In total, there are four nasal
elevations: two medial and two lateral. In time, the medial nasal elevations fuse and
give rise to the premaxilla. These structures form the keystone of the arch. The lat-
eral nasal elevations develop into the nasal alae but they do not contribute to the
formation of the lips.

In the 5th week of gestation, the two maxillary arches begin to enlarge and
grow towards the midline where they will eventually fuse with the nasal prominences.
The maxillary arches are derivatives of the first branchial arch. They begin to
develop on either side of the primitive mouth and move towards the center. Even-
tually, they become sufficiently large to contact either side of the fused medial nasal
elevations. To continue the analogy, the two limbs of the arch expand and contact
the keystone. Fusion is completed when the groove between the medial nasal promi-
nence and the maxillary prominence is obliterated by mesoderm. Failure of fusion on
either side of the medial nasal elevation will result in a cleft lip.

The term cleft lip is misleading since defects may involve more than just the lip.
A complete failure of fusion of the lateral maxillary process and median nasal eleva-
tions results in a cleft of the upper lip, alveolus, nasal sill, nasal floor, and primary
hard palate.

The hard palate is formed of the primary palate and the secondary palate. The
primary palate develops into the portion of the hard palate anterior to the incisive
foramen and posterior to the section of the alveolar ridge containing the incisors.
The formation of the primary palate was discussed above since it develops from
the premaxilla. The secondary palate develops into the remainder of the hard palate
as well as the soft palate and uvula.

The development of the secondary palate occurs from weeks 6 to 12 of
gestation. The process begins with the formation of the lateral palatine processes
that develop from the maxillary process. Initially, the palatine processes are
oriented vertically on either side of the developing tongue. The tongue is dis-
placed inferiorly as the head grows and the neck straightens. With the path
cleared of the obstructing tongue, the lateral palatine processes are freed to grow
medially. Eventually, the two lateral palatine processes meet in the midline and
fuse. The hard palate fuses from anterior to posterior, beginning at the alveolar
ridge and continuing though to the tip of the uvula. Therefore the mildest form
of cleft palate is a bifid uvula. Additionally, a cleft of any portion of the palate
must also include the remaining posterior aspect of the palate. Fusion is complete
and the intact palate is identifiable by the completion of the 12th week of
gestation.
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SURGICAL ANATOMY

The palate forms a dynamic boundary between the oral cavity and the nasal cavity.
It is composed of the hard palate anteriorly and the soft palate posteriorly. The soft
palate is a dynamic structure that functions as a valve between the oropharynx and
nasopharynx. The intact palate can periodically, selectively, and completely isolate
the nasopharynx from the oropharynx. An intact and functioning soft palate is
essential for normal speech and feeding.

The hard palate is composed of the bony palate and the overlying mucosa that
is firmly adhered to the periosteum. The bony palate is composed of the paired pala-
tine processes of the maxilla and the horizontal portions of the palatine bones. The
alveolar ridge of the maxilla defines the anterior and lateral limit of the hard palate.
The posterior aspect is known as the free edge since it lacks a bony attachment.
From this free edge the soft palate attaches to the hard palate.

Three pairs of foramina mark the surface of the bony palate. The incisive fora-
men is located immediately posterior to the middle incisors; it transmits the nasopa-
latine artery and nerve. The greater palatine foramen, located at the posterior lateral
border of the bony canal, transmits the greater palatine artery and nerve. The greater
palatine artery and nerve leave the greater palatine foramen and head anteriorly to
supply the hard palate. The lesser palatine foramen, located immediately posterior
and lateral to the greater palatine foramen, transmits the lesser palatine artery and
nerves. The lesser palatine artery and nerve supply the soft palate and uvula.

The mucosa of the soft palate attaches to the hard palate anteriorly and to the
pharyngeal walls laterally. The posterior margin of the soft palate is free from
attachments. The musculature of the soft palate can selectively isolate the naso-
pharynx from the oropharynx. When breathing, the posterior edge of the soft
palate is in an almost vertical position. This allows free communication between
the oral and nasal cavities, which thereby facilitates nasal breathing. Conversely,
during speech and swallowing the musculature of the soft palate contracts and pulls
the soft palate into a more horizontal position where it contacts the posterior
pharyngeal wall.

The soft palate is composed of five paired muscles and a central aponeurosis.
The paired uvula muscles take origin from the posterior nasal spine and insert on the
uvula. The tensor veli palatini takes origin from the lateral wall of eustachian tube. It
becomes a narrow tendon that curves laterally around the hamulus before joining the
soft palate as a broad triangular tendon. Within the soft palate the fibers of the ten-
sor veli palatini run in a lateral to medial direction. Contraction of this muscle pro-
duces a laterally directed force that tenses the soft palate. The tensor veli palatini is
the primary opener of the eustachian tube.

The levator veli palatini takes origin from the medial aspect of the eustachian
tube and the inferior surface of the temporal bone. It courses anteriorly and infer-
iorly to insert on the upper surface of the soft palate. Contraction of the levator veli
palatini raises the soft palate and occludes the nasopharynx.

The last two pairs of muscles that contribute to the soft palate are the palato-
glossus and palatopharyngeus muscles. The palatoglossus together with its overlying
mucosa form the anterior tonsillar pillar. The palatoglossus extends from the tongue
inferiorly to the soft palate superiorly. The palatoglossus functions as a sphincter to
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prevent oral regurgitation of food during swallowing. The paired palatopharyngeus
muscles run from the lateral pharyngeal wall to the soft palate. The palatopharyn-
geus together with its overlying mucosa forms the posterior tonsillar pillar. The pala-
toglossus elevates the larynx during swallowing to help prevent aspiration.

The upper and lower lips form a curtain that demarcates the opening of the
oral cavity. The functional unit of the lip is the orbicularis oris muscle, which func-
tions as a sphincter. The fibers of the obricularis oris take origin from the oral com-
missure and cross the midline to insert onto the contralateral commissure. The lip is
composed of a central muscular layer that is covered on its outer surface with skin
and on its undersurface with moist oral mucosa. The skin and moist mucosa meet
along the free edge of the lip where they form the vermilion border.

An appreciation of the surface anatomy of the lip is essential to understand the
planning and execution of a cleft lip repair. The central portion of the upper lip is
graced with a crescent-shaped depression known as cupid’s bow. From its perch
in the center of the upper lip, the two sides of cupid’s bow curve superiorly and lat-
erally to their peaks at the base of the philtral ridges. The two philtral ridges begin at
the vermilion border and angle vertically and slightly medially towards the base of
the columella. The philtral ridges flank a small valley known as the philtrum dimple.
Together, the paired philtral ridges and philtrum dimple form the philtrum.

CLASSIFICATION OF THE CLEFT LIP AND CLEFT PALATE

Over the years several classification systems have been proposed for cleft lip and
palate; however, none has gained universal acceptance. The fact that no one has been
able to derive a simple and convenient classification system for cleft lip and palate
speaks for the complexity and variation of this defect. The primary purpose of a clas-
sification system is to describe quickly and accurately the nature and extent of a
disease process. This is a daunting task since there is great variety in the combination
and severity of clefts.

A cleft lip and palate may occur together or either may occur on its own.
Furthermore, a cleft lip may be unilateral or bilateral. The lip and palate are formed
from the premaxilla and the secondary palate. The premaxilla is the precursor of the
central upper lip, anterior alveolus, and the primary palate. A cleft lip defect occurs
along the line of fusion between the lateral maxillary processes and the premaxilla.
The cleft may include only a section of the line of fusion or may include the entire
line of contact between the maxillary process and the premaxilla. A complete cleft
lip involves the philtrum of the lip, nasal floor, and anterior alveolus as well as
the portion of the hard palate anterior to the incisive foramen. Remember that
the premaxilla represents the keystone of the arch that is bounded on either side
by the maxillary processes. Since either of the two lines of contact can be involved,
a cleft lip may be unilateral or bilateral. In the case of bilateral cleft lip, the two sides
are not necessarily affected with equal severity (Fig. 1). Therefore, it is necessary to
describe the extent of clefting on both sides separately.

Cleft lip defects are generally broken down into three broad categories:
microform, incomplete, and complete. Microform clefts represent the least severe
form of cleft lip and involve some degree of scarring along the philtrum with no real
separation (Fig. 2). When true separation is apparent the cleft is either described as
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complete or incomplete. An incomplete cleft lip involves separation of the lip but
does not involve the floor of the nose. There is an intact band of tissue across the
nasal sill known as Simonart’s band. A complete cleft involves the floor of the nose
and may also involve the alveolus and primary palate. Complete and incomplete cleft
lip defects involve a nasal deformity; therefore, a classification system would also
have to describe the extent of nasal deformity.

Since there are two lines of fusion between the maxillary segments and the pre-
maxilla, a cleft lip may be bilateral. In a bilateral cleft lip the two sides do not neces-
sarily have similar degrees of clefting. A bilateral cleft may include two complete
clefts, two incomplete clefts, or one of each. In the case of a bilateral complete cleft
the premaxilla is completely separated from the remainder of the upper lip. The pro-
labial tissue lacks orbicularis fibers, and the mucosa and skin are underdeveloped.
Therefore, repair of bilateral clefts must augment the prolabial segment to get a cos-
metically appealing result.

A cleft palate is formed from a failure of fusion of the right and left sides of the
secondary palate. As in a cleft lip, the defect may be partial or complete. A complete
cleft palate involves the entire secondary palate and extends from the incisive fora-
men to the tip of the uvula. An incomplete cleft only involves part of the length of
the palate. However, since fusion of the palatal shelves always occurs from anterior
to posterior, a partial cleft always involves the uvula.

Accurately and completely describing the combination of clefting defects in a
patient can be difficult and time-consuming. Dr. Desmond Kernahan, a cleft
surgeon, was frustrated by the cumbersome and confusing descriptions in his

Figure 1 A bilateral cleft lip with a complete cleft on the right side and an incomplete cleft
on the left side.
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patient’s medical records (8). Knowing that a picture is worth a thousand words,
Dr. Kernahan used a diagram in the shape of a Y to represent the lines of fusion
of the lip, primary palate, and secondary palate. The forked limbs of the Y represent
the lines of fusion of the premaxilla and the long arm of the Y represents the line of
fusion of the secondary palate. The junction of the three lines is the incisive foramen.
The two anterior limbs of the Y are organized into three blocks representing the lip,
alveolus, and primary palate. The posterior arm of the Y is also organized into three
blocks. The anterior two together form the hard palate and the last block is the soft
palate. By shading in the boxes corresponding to the areas involved by the cleft, one
can quickly generate a diagrammatic representation of the various combinations of
cleft lip and palate defects. Dr. Kernahan’s original design has been modified to
include nasal deformities as well.

PRENATAL DIAGNOSIS

Cleft lip and palate deformities can now be diagnosed in utero in some patients.
Ultrasound examination has become a routine part of prenatal care and increasingly
sophisticated technology offers better resolution and more accurate detection of
congenital anomalies. The first reported case of an ultrasound diagnosis of a cleft
lip was in 1981 by Christ and Meninger (9). Since that time several studies have been
conducted to determine the diagnostic and therapeutic value of prenatal diagnosis of
cleft lip and palate.

Cleft lip and cleft palate can be diagnosed on routine transabdominal ultra-
sound; however, there are several limitations. First, in order to diagnose a cleft lip

Figure 2 A left microform cleft. Note that there is no true separation of the tissues.
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or palate deformity the ultrasonographer must be able to see the face of the fetus.
This is often not easy and the test may have to be repeated on several occasions
(10). Even with an adequate examination the specificity of transabdominal ultra-
sound is poor. One large study reported that less than one-third of cleft lip and
palate cases were previously diagnosed on ultrasound (10). Detection rate varies
depending on the skill of the sonographer, gestational age, presence of other anoma-
lies, and the skill of the radiologists reading the film. A surprising finding is that the
sensitivity does not increase by increasing the number of ultrasound examinations a
woman had during her pregnancy (11).

The sensitivity increases dramatically when transvaginal ultrasound is per-
formed instead of routine transabdominal ultrasound (12). However, the improved
sensitivity of a transvaginal ultrasound comes at a price, since it is more invasive
and is not a part of routine prenatal care.

Despite its limited sensitivity, transabdominal ultrasound remains a valuable
tool in the diagnosis of cleft lip and palate. Screening transabdominal ultrsound is
a routine part of prenatal care so there is no added cost, morbidity, or inconvenience
for the patient. Although many patients with cleft lip and palate will not be diag-
nosed on prenatal examination, for the 30% of women in whom the diagnosis is
made prenatally the benefits can be great. Early detection allows the family to pre-
pare ahead of time for the reality that their child will have a cleft. They can meet with
members of the cleft team, learn about special feeding requirements, and understand
what to expect when the baby is born. In comparison, mothers who receive counsel-
ing in the first 2 weeks of life are more likely to feel confused and overwhelmed (10).

Early detection also allows the surgeon to meet with the family before birth in a
relaxed atmosphere and discuss the repair options. With adequate time for counsel-
ing and planning, it is often possible to perform the repair of a unilateral cleft lip in
the first week of life (10).

INITIAL MANAGEMENT

As part of the initial evaluation, all patients with cleft lip and cleft palate should be
observed for feeding difficulties. Almost all cleft lip and palate patients will have
some difficulty feeding. The amount of difficulty will depend on the type and severity
of the cleft. Children with cleft lip have difficulty maintaining a seal around a nipple.
If the defect is minor, the infant may do well if given extra time to nurse or bottle-
feed. Children with a cleft palate are unable to generate a negative intraoral pressure
since there is a constant communication between mouth and nose. Because of this
persistent communication they may also have nasal regurgitation. These children
have an ineffective suck and require special feeding techniques to ensure adequate
caloric intake.

If special techniques are used to feed these children, they can receive adequate
nutrition with a bottle. It is rarely necessary to rely on alternative means of enteral
feeding to maintain caloric intake. Several techniques are used to increase delivery of
formula to the mouth. Enlarging the size of the hole in the nipple decreases the
resistance and increases the flow of formula with the same suck. Specialized nipples
are made for children with cleft palates, which are longer and larger than normal and
are designed to occlude and bypass the cleft. If these techniques do not sufficiently
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increase the delivery of formula, the parents can try using a specially manufactured
squeeze bottle. The bottles are made of soft plastic that can be squeezed in concert
with the infant’s suck to increase delivery of formula. Some or all of these techniques
may be required to deliver adequate calories. Only in exceptional situations is it
necessary to place a nasogastric or gastrostomy feeding tube.

To limit the amount of nasal regurgitation, it is helpful to feed the child in the
seated position. Children with cleft palate will feed more slowly and swallow more
air than a normal child; therefore, they should be allowed more time for feeding
and they should be burped frequently.

All children with cleft lip and palate should be monitored closely in their early
life to ensure that they are feeding adequately and gaining weight. Weekly weight
checks are recommended until the infant has demonstrated an ability to gain weight.

TIMING OF CLEFT LIP AND PALATE REPAIR

The timing and goals of cleft lip and palate surgery are different. Cleft lip is repaired
earlier in life and the goal of surgery is to correct the cosmetic deformity. Cleft
palate, on the other hand, is repaired at about 1 year of life and the goal of surgery
is to restore function to the palate and allow normal speech and feeding. However,
there is no consensus as the correct time to perform a palate closure (13).

The timing of cleft lip surgery remains controversial. A cleft lip can be surgi-
cally repaired at any time yet there is still debate as to what is the ideal time. Over
the years, the trend has been to do surgery at a younger age. The scheduling of a uni-
lateral cleft lip repair was traditionally guided by the ‘‘rule of 10s.’’ This rule says
that surgery should be delayed until the child weighs 10 pounds, the hemoglobin
is 10 grams=deciliter or greater, and the child is at least 10 weeks of age. The rule
of 10s is a list of criteria designed to ensure that the child is of adequate size, age,
and health to undergo general anesthesia with an acceptable level of risk. Significant
advances in pediatric anesthesiology and intensive care medicine have now made it
safe for younger and smaller children to undergo cleft lip repair. In fact, some centers
are now routinely performing cleft lip repair during the first few weeks of life and
have found that, with careful preoperative evaluation, neonatal cleft lip repair
involves minimal morbidity (14).

The rule of 10s is now more of an interesting historical footnote than a reliable
guide for scheduling cleft lip repair. Cleft lip surgeons now have the ability to repair
a cleft lip as early as the first 48 h of life. However, not all patients with cleft lip are
good candidates for neonatal repair. The surgeon must examine several factors
before deciding when to perform the repair, including the overall health of the
patient, severity of the cleft, need for further diagnostic studies, and the wishes of
the parents. Under ideal circumstances, the cleft lip repair can be performed during
the initial hospitalization. Early repair allows the parents to bring home a new baby
who has a single suture line rather than an unsightly cleft lip deformity. This helps
the parents to feel more comfortable with their new child. In one center where
neonatal cleft lip repairs are performed, members of the team feel strongly that
the early repair has a positive effect on the way that parents interact with their child
(14). Critics of neonatal cleft lip repair believe that the surgery limits the amount of
time for maternal–infant bonding during the first days of life.
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The timing of cleft palate repair is also controversial. In the past, cleft palate
repair has been performed around 1 year of life, prior to the development of speech.
However, as with cleft lip repair, the trend has been to perform cleft palate repair at
younger ages. In fact, since 1991 one center has been performing neonatal cleft
palate closure with the hope of improving speech development. The rationale for
the early repair is that it is not known how prelingual phonation contributes to the
normal development of speech. If the cleft palate is repaired early in life, then the
child will have a normal palate during the time when he or she begins to make
sounds. However, it is too early to determine whether early closure leads to
improved speech development (13).

REPAIR OF UNILATERAL CLEFT LIP

Once the decision of when to perform a cleft lip repair is made, the surgeon must
decide how to perform the repair. The most common technique used for the repair
of a unilateral cleft lip is the rotation advancement technique developed by Ralph
Millard, the father of modern cleft lip and palate surgery. This procedure is techni-
cally challenging but provides excellent cosmetic results. In the past, cleft lip opera-
tions closed the defect but sacrificed the cupid’s bow in the process. The results were
eye-catching and unsightly. Frustrated by this, Dr. Millard spent countless hours
studying pictures of patients with cleft lips trying to develop a repair that could pre-
serve cupid’s bow (8). He developed a technique that utilizes a rotation and an
advancement flap to close the defect while preserving cupid’s bow. His technique
repositions the laterally displaced alar base restoring symmetry to the nostril and
ala and closing the floor of the nose defect. The results are aesthetically appealing,
with an intact cupid’s bow and a scar that is vertically oriented and approximates
the normal philtral ridge. The Millard repair produces consistent results in the uni-
lateral incomplete cleft lip.

The Millard repair uses four flaps to close the cleft lip and restore the alar base
to a more natural position: rotation flap, advancement flap, alar flap, and columellar
flap. The rotation flap lowers the medial aspect of the lip to level the cupid’s bow and
add length to the lip. The advancement flap includes the portion of the lip lateral to
the cleft and is used to close the cleft defect by suturing it to the rotation flap. Med-
ialization of the alar flap restores the ala to a more natural position. Suturing the
alar flap to the columellar flap closes the cleft in the floor of the nose.

The following is a summary of the technique first described by Millard and still
frequently used today. The first and most important step in the Millard repair is
identifying the landmarks and marking the key points used in the repair (Fig. 3).
This process is time-consuming and tedious; however, patience and attention to
detail at this stage will facilitate the rest of the operation and lead to a good cosmetic
result. Marking is done with the patient anesthetized and the surgeon in the seated
position.

The marking process consists of identifying and measuring 12 points along the
upper lip and base of nose (Table 1) (8). The first area of interest is the cupid’s bow: a
crescent-shaped depression in the center of the upper lip. The low point of the
cupid’s bow marks the center of the upper lip; (point 1). The high points of the
cupid’s bow are where the vertical philtral ridges meet the vermilion border of
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the upper lip. The high point on the noncleft side is identified and marked as point 2.
Point 3 is the high point on the cleft side. The distance from the high point to the low
point on the normal side is measured and this distance is used to calculate the proper
location of the high point on the cleft side. This point is identified and marked to
correspond to point 3. This point lies on the vermilion border on the medial side
of the cleft. Points 1–3 mark the cupid’s bow: the first two points are identified
and the third is measured such that the distance from point 1 to 2 is equal to the dis-
tance from 1 to 3.

Next, the surgeon’s attention is turned to the noncleft nasal ala. The alar base
on the noncleft side is identified and marked with a 4. Likewise, the columella base
on the noncleft side is identified and marked with a 5. This point will correspond to
the superior limit of the incision for the rotation flap. If additional rotation is needed
to add length to the lip, a 1–2mm back cut is made from point 5 to point X. Making
small cuts and assessing the rotation can help to determine the amount of back cut
needed. Adequate rotation has been achieved when the lip segment is easily rotated
so that the cupid’s bow is leveled in the horizontal plane.

The oral commissures are marked with a 6 on the noncleft side and a 7 on the
cleft side. Point 8 represents the measured location of the high point of cupid’s bow
on the lateral portion of the lip. This is found by measuring the distance from the
commissure to the high point of cupid’s bow on the normal side: the distance from
point 6 to point 2. This distance is measured from the commissure on the cleft side to
the point that will represent the high point of the cupid’s bow on the cleft side. The
distance from point 6 to point 2 must equal the distance from point 7 to point 8

Figure 3 The landmarks of a Millard repair are identified before beginning the procedure.

Reprinted with permission from Ref. 8.
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(Fig. 4). In other words, the distance from the high point of cupid’s bow and the
commissure on the same side should be equal for the two sides. When the repair
is complete point 3, which also represents the high point of cupid’s bow, should
be approximated with point 8.

The final area to be marked is the alar base on the cleft side. Point 9 marks
the medial limit of the advancement flap. When the incisions are closed, point 9 will
lie in the triangular defect created by the rotation of the medial lip segment. The
total length of the rotational incision, point 3–5–X, will determine the exact
location of point 9. The incisions from point 3 to 5 to X must equal the incision
from point 8 to 9 since these two segments will be sutured together and must line
up evenly. Millard recommended using a malleable piece of wire to measure the
length of the rotational incision and then placing point 9 exactly this far from point 8
(Fig. 5).

The circumalar incision is then marked to allow the ala to be advanced medi-
ally and assume a more natural position (Fig. 6). The alar base on the cleft side is
identified and marked with 10. Point 11 should be placed along the border of the
ala at the point where it intersects with the nasal labial fold. Point 12, also along
the alar facial crease, represents the most lateral aspect of the advancement flap.
The amount of medialization of the ala will determine the final location of this point.
Millard taught that the initial location of points 9–12 are estimations and that their
final location is determined by what he termed by the cut as you go policy (8). Mill-
ard was referring to the fact that the surgeon must make small adjustments through-
out the repair to get the best results.

The Millard repair includes two main incisions: a rotation incision medial to
the cleft and an advancement incision lateral to the cleft. The rotation incision is
a gentle crescent-shaped curve that connects the high point of cupid’s bow on the
cleft side with the base of the columella on the noncleft side. In other words, the inci-
sion connects points 3 and 5 and a small back cut to X if needed. The incision for the
advancement flap follows the mucocutaneous junction to connect points 8 and 9.
This incision is then extended in the alar facial crease to connect points 9 and 12.
These two incisions involve the full thickness of the lip.

Table 1 12 points of the Millard Repair

Point Location

Point 1 Low point of cupid’s bow
Point 2 High point of cupid’s bow on the noncleft side
Point 3 High point of cupid’s bow on the cleft side

Point 4 Alar base on the noncleft side
Point 5 Columellar base on the noncleft side
Point 6 Oral commissure on the noncleft side

Point 7 Oral commissure on the cleft side
Point 8 High point of cupid’s bow on the lateral lip segment
Point 9 Medial limit of the advancement incision

Point 10 Alar base on the cleft side
Point 11 Intersection of nasolabial fold and alar crease
Point 12 Lateral extent of advancement incision
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Figure 4 Calipers are used to determine the proper location of cupid’s bow. The distance

from bow peak to commissure should be the same for the two sides. Reprinted with permission
from Ref. 8.

Figure 5 A section of malleable wire is used to measure the length of the rotation and

advancement incisions. These two lines must be of equal length to ensure a good result.
Reprinted with permission from Ref. 8.
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The borders of the cleft are also incised to provide a fresh edge to suture
together. The incised mucosa along the borders of the cleft is dissected from
the orbicularis and is left attached to the alveolar ridge. The medial and lateral
mucosal flaps are used to line the gingivolabial sulcus and the vestibule, respec-
tively.

Completion of these incisions produces a total of four flaps and two mucosal
pairings. The rotation and advancement flaps are on either side of the cleft. These
two flaps are full thickness and include skin, mucosa, and the underlying orbicularis
oris muscle. The medial and lateral mucosal pairings are attached to the alveolar
ridge. The columellar flap is from a flap of skin attached superiorly to the columella
that will be rotated to close the floor of the nose. The final flap created is the alar
flap consisting of the nasal ala on the cleft side.

Before closing the defect, the rotation and advancement flaps are freed from
the nose and maxilla. The rotation and advancement flaps should contain all the
fibers of orbicularis oris, including those that inadvertently inserted on adjacent
structures. An alotomy is performed to separate the ala from the pyriform aper-
ture. When the lip release and alotomy are properly performed, the rotation flap,
advancement flap, and ala should all move freely and independently. The skin and
mucosa of the rotation and advancement flaps are undermined to free the orbicu-
laris oris fibers.

The medial and lateral aspects of the cleft are drawn together and sutured in
layers. According to Millard, there is a single key stitch that must be placed perfectly

Figure 6 The circumalar incision allows the alar flap and advancement flap to be moved
independently. The helps to reposition the nose to a more natural position. Reprinted with
permission from Ref. 8.
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to ensure that the wound edges line up properly (Fig. 7). The stitch is placed in the
leading edge of the advancement flap and in the depth of the defect in the rotation
flap. When this stitch is tied, the advancement flap and rotation flap are fixed into
their final position (8). With proper closure, point 8 and point 3, both of which
represent the high point of cupid’s bow, should come together. The medial aspect
of the advancement flap, point 9, should easily reach the point where the back cut
was made earlier: point X. The ala flap is rotated medially to meet the columella flap
to close the floor of the nose.

The defect is closed in three layers including the mucosa, orbicularis oris, and
skin. The suture line and resulting scar approximate the philtral ridge and are well
camouflaged (Fig. 8).

There is always some degree of nasal deformity associated with unilateral cleft
lip. The nasal deformity is produced both by the embryological error that led to the
cleft and by the deforming effects of inappropriately inserted fibers of the orbicularis
oris muscle. These actions lead to a laterally displaced ala and displacement of the
columella and caudal septum to the noncleft side. By releasing the inappropriately
inserted fibers of orbicularis oris and performing the nasal release, the columella
and ala can be restored to a more natural position.

Postoperative care focuses on feeding and wound care. Feeding is typically
performed using a syringe with a soft catheter attached to deliver formula to the
oropharynx. Since sucking requires use of the orbicularis oris and stresses the
wound, it is avoided when possible. However, some surgeons permit breastfeeding

Figure 7 The key stitch is so named because it determines the exact amount of rotation.

Correct placement of this stitch is essential to a good outcome. Reprinted with permission
from Ref. 8.
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in the early postoperative period. Routine feeding can be resumed 3 weeks post-
operatively.

The wound is cleansed several times daily with half-strength hydrogen peroxide
and topical antibiotic ointment is applied. Skin sutures are removed on or around
postoperative day 5. Although controversial, Logan’s bow is sometimes used to rein-
force the suture line: an arched metal bar that bridges the two sides of the incision
and is attached to both cheeks with adhesive. All children will require the use of
Velcro arm restraints to prevent them from manipulating the wound.

In recent years there has been a renewed interest in the primary repair of cleft
nasal defect (15). With the Millard repair the nasal floor is closed and the alar base is
reapproximated. However, the nasal deformity may also include the nasal septum,
lower lateral cartilage, columella, vestibular dome, nasal tip, and nasal pyramid.

Figure 8 The incision line has a gentle curve that mirrors the natural philtrum of the
noncleft side. A small flap of muscle can be used to add volume to the lateral segment of the lip
if needed. Reprinted with permission from Ref. 8.
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Some surgeons have recently been performing primary nasal repair at the time of lip
repair. The early nasal repair is typically done at 3 months of age and focuses on the
deformed and malpositioned lower lateral cartilage. By rearranging and reshaping
the lower lateral cartilage, the surgeon is able to improve nasal tip projection and
create a more symmetrical nostril and ala (16).

Even with primary nasal repair, revision nasal surgery is usually needed to cor-
rect any remaining distortions. These distortions are slight but are expected in the
majority of cases of primary nasal repair (16). Depending on the extent of the nasal
deformity, secondary surgery may also include nasal osteotomies and onlay bone
grafting to augment the paranasal region.

A complete unilateral cleft lip involves the lip, nose and alveolar ridge. The
repairs discussed above do not address the defect in the alveolar ridge. The goal
of alveolar bone grafting is to bridge the gap in the alveolus with cancellous bone
so that the adult dentition can erupt naturally. The optimal time for alveolar bone
grafting is 8 years of age, which is the time when the adult canine teeth typically
erupt. Alveolar bone grafting has been one of the major improvements in the treat-
ment of patients with unilateral cleft lip deformity (16).

REPAIR OF CLEFT PALATE

Repair of the cleft palate includes the hard palate posterior to the alveolus and the
soft palate. The soft and hard palate should be considered separately since the goals
of repair are different in each. The primary goal of the repair of the soft palate is to
restore normal function. In repairing the hard palate the surgeon strives to achieve
normal facial growth, dentition, and aesthetics (17). In the ideal patient, after repair
the soft palate should be able to periodically, voluntarily, and completely isolate the
nasopharynx from the oropharynx. Normal soft palate function is essential for
speech and feeding. If, after repair, the soft palate is too short to contact the poster-
ior pharyngeal wall, the child will have poor articulation and nasal regurgitation of
food and liquid.

Defects in the palate can include the primary and secondary palate or may be
isolated to the secondary palate alone. Clefts isolated to the secondary palate, poste-
rior to the incisive foramen, range from complete clefts involving the entire second-
ary palate to a simple bifid uvula. Defects in the primary palate are always associated
with a cleft lip since they share a similar embryological origin. The defect in the
primary palate may be unilateral or bilateral.

Closure of the hard palate involves raising mucoperiosteal flaps on the oral and
nasal side of the hard palate. Relaxing incisions are often used in order to achieve a
tension-free closure. If the mucoperiosteum is not adequately undermined the clo-
sure will be under tension and there is an increased risk of fistula formation. There-
fore, the surgeon must undermine enough to allow a tension free closure.
Conversely, wide undermining of the mucoperiosteum with denuded areas of palatal
bone can have adverse effects on facial growth (17). The surgeon is charged with the
challenge of undermining just enough mucoperiosteum to achieve tension-free
closure while limiting the risk of adverse facial growth (17). It is also important to
limit trauma to the soft tissues of the palate since this will limit the amount of post-
operative scar tissue formation.
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For a complete cleft of the secondary palate with no involvement of the
primary palate, a three-flap repair is used. The incisions are made at the anterior
extent of the cleft and extended towards the canine teeth on both sides, forming a
V. The incisions continue posteriorly along the alveolar ridge to the maxillary tubero-
sities. Next, the free edges of the cleft mucosal flaps are incised. Mucoperiosteal flaps
are raised using a periosteal elevator. At the posterior lateral margin of the bony
palate the greater palatine neurovascular bundle is identified and preserved. The
nasal mucosa is dissected free from the palatine bones using a right-angle elevator.
The nasal mucosa is elevated as far as the nasal sidewalls to ensure adequate tissue
for a tension-free closeure. Mucoperiosteal vomer flaps can be raised and used to
help close the nasal mucosa.

The nasal mucosa is closed first using interrupted sutures. Next the muscular
sling of the soft palate is reapproximated and the mucosa is closed. Because this
repair involves relaxing incisions along the alveolar ridges, there remains a section
of denuded palatal bone in this area. This should heal well by secondary intention.
The hard palate is closed in two layers while the soft palate includes the muscular
layer for a total of three layers. It is not necessary to close the defect in the bony
palate.

After completion of the repair, the soft palate is assessed to ensure that it has
adequate length to function normally. To function properly, the soft palate should
be able to touch the posterior pharyngeal wall easily. If the soft palate is too short
at this stage, two options are available to the surgeon. First, length can be added
to the palate by converting the V-shaped incision at the medial margin of the cleft
into a Y. This modification is known as the V-Y pushback technique (4).

A second option is to create a superiorly based flap from the posterior pharyn-
geal wall that is sutured to the nasal surface of the soft palate. Because the flap is
narrow, the primary defect can be closed primarily. This is generally not performed
during initial repair of the palate.

A two-flap technique uses similar principles to repair clefts involving the pri-
mary and secondary palate whether unilateral or bilateral. The major difference
between this repair and the three-flap repair described above is that there is no ante-
rior margin to the cleft since the palate defect is contiguous with a cleft lip. There-
fore, instead of creating the V-shaped incision as described above, the incision
along the alveolar ridge is continued anteriorly until it reaches the alveolar ridge.
As with the three-flap technique, the edges of the cleft are incised and mucosal flaps
are raised on the nasal and oral side. The hard palate is closed in two layers and the
soft palate in three.

In a bilateral cleft of the primary palate there is inadequate tissue available to
close the defect on the nasal side; therefore, bilateral vomer mucoperiosteal flaps are
rotated to close the nasal floor.

The musculature of the soft palate is not oriented properly when a cleft is
present. The repairs described above close the muscular layer but do not address
the problem of improper orientation. In 1978, Leonard Furlow introduced a
unique approach to the repair of soft palate. His technique differed from tradi-
tional repairs in two dramatic ways. First, it used two opposing Z-plasties to close
the defect and reorient the muscular sling of the soft palate. Second, the hard
palate is closed without relaxing incisions to prevent adverse effects on facial
growth (18). The Furlow repair uses a nasal and an oral Z-plasty flap to close
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the defect and add length to the soft palate. This repair affords the additional ben-
efit of realigning the muscle fibers of the palatal sling. The nasal and oral Z-plas-
ties consist of an anterior and a posterior flap. The anterior flap of each side
includes only mucosa, either oral or nasal. The posterior flap consists of mucosa
and the underlying palatal muscle. Transposition of the posterior nasal flap draws
the palatal muscular sling across the cleft and reorients the fibers so they run trans-
versely across the palate. Transposition of the posterior oral flap likewise draws
the muscle across the cleft and overlies the muscle fibers of the nasal flap. This
repair adds length to the palate while improving function of the palatal muscula-
ture. A retrospective study of the Furlow palatoplasty compared to the intravelar
veloplasty found that the Furlow technique might provide a better functional
result; however, further study is needed (19).

CONCLUSION

Cleft lip and palate are congenital disorders that have varied presentations, ranging
from barely detectable lesions with no functional impairment to disfiguring defects
with major functional impairment. The anatomical defect may be associated with
one of many syndromes or it may occur alone. Because of the variability and com-
plexity of cleft lip and palate, caring for these patients is challenging.

The care of a patient with cleft lip and palate is part art and part science. The
surgical repair of cleft lip truly is an art. In the last century, tremendous advances
have been made in the repair of cleft lip and palate. Through innovative techniques,
surgeons are now able to repair major defects with little scarring. While the art of
cleft lip repair has made great progress in the last 100 years, there is still much to
be learned about the science of cleft lip and palate. We are just now beginning to
explore the role of genetics as a causative factor in cleft lip and palate. This is an area
of rich scientific investigation and the years to come promise to be fruitful.
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11
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Craniofacial Anomalies
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CRANIOSYNOSTOSIS

Causes

The calvarium develops by intramembranous ossification. Islands of bone develop
within the fibrous membrane, which later ossify. When two osteogenic fronts
come in close proximity, a cranial suture develops (1). The sutures are essential
to allow continuing expansion of the calvarium with age, especially in the first
year of postnatal life when brain growth is rapid. The sutures close physiologi-
cally with age. The metopic is first to close in early perinatal life (3–9 months).
Although normal fusion is thought to occur secondary to the loss of forces of
separation created by the underlying brain, the precise cause of premature fusion
is unknown.

Three theories have been purported to explain premature closure. Virchow (2)
believed that the suture was abnormal and the cranial base abnormality was second-
ary to the primary suture fusion. Moss (3) put forth the concept that the cranial base
was the site of primary abnormality and the dura transmitted abnormal tensile forces
to the suture leading to a premature closure. Recent evidence points to the contrary.
Eaton (4), in his elegant study examined the skulls of North Indian tribes who inten-
tionally modified the skull shapes by head binding. Intentional modification of the
calvarium produced secondary changes in the cranial base, thus refuting the theory
that the cranial base drives the calvarial shape. Finally, Park and Powers (5) have
suggested that the defect is in the mesenchymal blastema of both the cranial base
and the cranial sutures.

Recently, the focus has shifted to the underlying dura and the growth vectors
of the underlying cortex. Longaker (6) examined the posterior frontal cranial suture
in rats, which closes physiologically, and the sagittal suture, which does not. They
reversed the suture leaving the dura intact and demonstrated that the underlying
dura determined the fate of the overlying suture. The dura is responsible for send-
ing abnormal signals through increased levels of transforming growth factor – beta
(TGF b) and m-RNA to the overlying suture (7). The reason for the generation of
these abnormal signals is unknown but is believed to originate in the central nervous
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system and mediated through the growth factors. Marsh (8) presented data sup-
porting the concept that the underlying cortex was abnormal. The diminished
growth vector provided by the abnormal cortex led to generation of the abnormal
signal by the dura to the overlying suture to close prematurely. Significant
advances in genomic research are now revealing abnormal genetic expression at site
of premature closure. Mutations in fibroblastic growth factor R2 (FGFR2) and
FGFR3 were present in all patients with syndromic craniosynostosis and in 74%
of children with unclassified so-called non syndromic craniosynostosis (9).

Pathogenesis

The neonatal calvarium is composed of the frontal, parietal, temporal, sphenoid
and occipital bones. The metopic suture separates the frontal bones and the coronal
separates the frontal and the parietal bones. The squamosal suture lies between the
parietal and the squamosal temporal bone. The lambdoid suture lies between the
parietal and occipital bones and the sagittal suture separates the two parietal bones.
The patent sutures allow continuing separation of the calvarial bones. Virchow sug-
gested that the prematurely fused suture restricts calvarial growth in a direction
transverse to the fused suture. The metopic suture is responsible for continuing
transverse expansion of the frontal bones. A pathologically closed metopic suture
prevents this, leading to a narrow frontal and fronto-orbital region. This anterior
narrowing manifests as trigonocephaly and hypotelorism. The coronal suture could
close prematurely either unilaterally or bilaterally resulting in unicoronal or bicor-
onal synostosis, respectively. Unicoronal synostosis results in diminished growth in
the ventral–dorsal direction on the ipsilateral side and compensatory growth on the
contralateral side. This asymmetry is known as frontal plagiocephaly. The fronto-
orbital bar is recessed ipsilaterally and projects further ventrally on the contralateral
side. Bilateral closure of the coronal suture produces a diminished growth vector in
the ventral–dorsal direction and compensatory growth takes place in the medial–
lateral direction. This results in brachycephaly and bilateral recession of the
fronto-orbital bar, which, in severe conditions, can result in exorbitsm. Premature
closure of the sagittal suture results in continuing growth of the calvarium in the
ventral–dorsal direction and diminished growth in the transverse direction. This
leads to scaphocephaly. Premature closure of the lambdoid suture leads to occipital
plagiocephaly with ipsilateral flattening of the occipital region with contralateral
bulging.

The cranial base deforms secondary to the calvarial abnormality. The anterior
cranial base deviates towards the fused suture in unicoronal synostosis. The poster-
ior cranial base similarly deviates towards the ipsilateral fused lambdoid suture.
Since the face is a template, which is based on the cranial base, uncorrected unicoro-
nal synostosis leads to asymmetry of the face and occlusal plane.

Closure of multiple sutures can limit expansion of the calvarium and therefore
of the underlying cortex. The continuing expansile forces provided by the cortex
against the fixed volume of the calvarium lead to an increase in the intracranial pres-
sure with its associated sequelae. Two studies have measured the intracranial pres-
sure in children with craniosynostosis and reported that multiple suture synostosis
is associated with raised intracranial pressure in 48% of the studied subjects and
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approximately 18% of subjects with single suture craniosynostosis (10,11). Gault
and Renier measured intracranial pressure by an invasive technique overnight to find
the trend. Unfortunately the range of intracranial pressures in what are termed
normal children is unknown.

The closed suture prevents calvarial expansion and this would lead to
decreased intracranial volume. The compensatory growth of the contralateral cal-
varium may possibly lead to fallacious measurements. Segmental volumes of the
cortex and the calvarium and cranial fossa are beginning to be measured with
sophisticated software, which may reveal more accurate findings in children with
craniosynostosis (12).

Clinical Examination and Diagnosis

Although premature fusion of the sutures is a prenatal event, children with cranio-
synostosis do not always present in the neonatal period. The passage of the head
through the birth canal deforms the head and makes it difficult to ascertain whether
the head is normal or abnormal. Either the parent or the pediatrician notices the
abnormal shape in early infancy and the child is referred to a craniofacial or a
neurosurgeon.

Since calvarial deformation is secondary to the sutural fusion and is character-
istic, clinical diagnosis is not very difficult. Clinical history should include the birth
events (length of term, birth weight, and complications during and after birth).
A detailed history of the perinatal sleeping position is critical in differentiating crani-
osynostosis from plagiocephaly without synostosis (see below). Syndromic craniosy-
nostosis involve multiple systems and may be associated with other congenital
anomalies. Family history of abnormal head shape is crucial in the diagnosis of syn-
dromic craniosynostosis.

Clinical examination should include examination of the head and neck. Mea-
surement of the head circumference aids in ruling out microcephaly and microce-
phaly with associated hydrocephalus. The calvarial shape is characteristic for
each sutural synostosis. An increase in anteroposterior length or scaphocephaly is
associated with sagittal synostosis (Fig. 1). Narrowing of the anterior calvarium
or trigonocephaly is associated with metopic synostosis (Fig. 2). The distance
between the medial canthii of the eyes (intermedial canthus distance) is decreased.
The orbital rims may appear hypoplastic. Bicoronal synostosis results in shortening
of the skull in the anteroposterior direction and widening at the bitemporal region.
The fronto-orbital rim is recessed bilaterally, which leads to exorbitism with its asso-
ciated complication of exposure keratitis (Fig. 3). Unilateral asymmetry or plagio-
cephaly can result from coronal or lamdoid synostosis. Unilateral coronal
synostosis results in a recessed forehead and fronto-orbital rim. There is contralat-
eral bossing of the forehead and the fronto-orbital rim. The eyebrow on the ipsilat-
eral side is raised and the palpebral fissure is increased in its vertical height. The
ocular globe is sometimes raised along with the pupil. (Figs. 4,5). An older child
with uncorrected unicoronal synostosis demonstrates asymmetry of the facial skele-
ton. This is associated with a reduction in the height of the ipsilateral maxilla and
mandible, resulting in an oblique occlusal cant. Lamdoid synostosis is rare and has
to be differentiated from deformational plagiocephaly or plagiocephaly without
synostosis.
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Figure 1 A. Lateral view of a child with sagittal craniosynostosis demonstrates frontal and
occipital bossing and dolichocephaly. B. Superior view demonstrates frontal bossing
bilaterally and dolichocephaly.
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Figure 2 A. Superior view of a child with metopic craniosynostosis shows trigonocephaly
(narrowing of the anterior calvarium). B. Frontal view demonstrates a metopic ridge.
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Figure 3 A. Child with bicoronal synostosis with exorbitism and recessed frontal orbital

bar. B. These findings are in association with mild turricephaly.
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Plagiocephaly Without Synostosis or
Deformational Plagiocephaly

Plagiocephaly without synostosis or deformational plagiocephaly is a very common
cause of an asymmetrical head associated with an ipsilateral occipital flattening.
Over the past few years the incidence of asymmetrical head shapes in infants has
increased significantly (13). Although asymmetrical heads have been present for
many centuries, the recent increase has been associated with the ‘‘Back to Sleep’’
campaign to reduce the incidence of sudden infant death syndrome (SIDS). The skull
of a newborn child is soft and easily deforms if left in the same position for a pro-
longed time. Infants neck muscles are weak and they are unable to move their head
in the first few months of life. This may be further complicated by torticollis, in
which the tight neck muscles may prevent the infant or the parent from repositioning
the head (14). The deforming force flattens the occipital skull and, like a ball inflated
with less air, it preferentially tends to lie in that position. The continuing force not
only flattens the occipital region but also pushes the forehead and the ear forward
and, in extreme cases, the cheekbones, jaw joints, and mandible. This leads to a
typical parallelogram-shaped head, referred to as deformational plagiocephaly or

Figure 4 Child with left unicoronal synostosis demonstrates asymmetry of the orbits and
widened palpebral fissure on the left in association with superiorly displaced left eyebrow.

Notice the asymmetry of the face and deviation of the facial axis to the contralateral side.
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plagiocephaly without synostosis (15). The use of a customized molding helmet for
23 hours=day until age 1 year is very successful in treating this condition. Helmet
therapy needs to start by age 6 months to be effective (Fig. 6).

Investigations

The clinical diagnosis of craniosynostosis or plagiocephaly without synostosis is sub-
stantiated by results of radiological investigations.

Skull X-Ray

This preliminary examination helps to visualize whether the sutures are patent or
not. The test is simple but its accuracy is not perfect and differentiation between a
lamdoid synostosis and plagiocephaly without synostosis is sometimes difficult. Spe-
cial views are needed to visualize all the sutures (Fig. 7).

Ultrasonography

This noninvasive nonradiological modality has recently been studied to determine
whether it is useful in the diagnosis of a patent suture. The ultrasound is more accu-
rate than an x-ray examination but requires a sonographer who is willing to specia-
lize in interpreting the results.

Figure 5 An older child with unicoronal synostosis with asymmetry of the facial axis and

progressive deformity of orbital asymmetry.
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Figure 6 Customized molding helmet for treatment of deformational plagiocephaly.
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Computed Tomographic Scan

A computed tomographic (CT) scan is the gold standard for determining whether a
suture is patent or fused. Two-dimensional views allow direct visualization of each
suture but make it difficult to grasp the extent of the associated deformity. This makes
preoperative planning very difficult and consistent outcomes unreliable. Three-
dimensional CT scans, in contrast, allow complete visualization of the skull and
document the extent of the deformity. The windows utilized in reconstruction of
the three-dimensional images can sometimes white out the sutures and these may
appear as fused when they are not. If one is in doubt about the patency of the suture,
it is prudent to look for the associated deformity that accompanies the fused suture
and determine whether the suture is patent or not from the two-dimensional views.
Specific views (i.e., frontal, posterior [occipital], right and left profile, superior, infer-
ior ectocranial, and endocranial) can be utilized as a protocol to allow comparison
among pre-, peri-, and postoperative CT scans. A radiographical scale should be
placed by the images for approximate measurements of the various bony landmarks.
This aids in preoperative planning and allows a meaningful outcome analysis to be
performed. Sophisticated software is available for performing manipulation of the
osteotomies on a graphic workstation (16).

Sagittal Synostosis

The sagittal suture is fused (Fig. 8) restricting the transverse growth of the skull
resulting in reduction of the transverse diameter at the parietal eminences (biparietal

Figure 6 Continued.
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diameter), and an increase in the anteroposterior length of the skull. The cephalic
index (maximum transverse width=maximum anteroposterior length) is reduced.
Normograms for cephalic indices are available (17) and the severity of the scapho-
cephaly can be determined. The cranial base is on the midline.

Metopic Synostosis

The metopic suture is fused, restricting the transverse growth of the frontal bones
(Fig. 9). This results in narrowing of the anterior cranial fossa and trigonocephaly.
The restriction in the transverse direction also results in reduction in the distance
between the orbits (interorbital distance). The orbital rims are hypoplastic. The
metopic suture is the first suture to close physiologically. Previous studies documented

Figure 7 X-ray examination of the skull in a child with unicoronal synostosis demonstrates
an elevated sphenoidal wing on the right, asymmetry of the orbits, and of the facial skeleton.
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this closure to be in the first and second year of postnatal life. However with more
CT scans being performed in the neonatal period it obvious that the metopic
suture closes physiologically at a much earlier age, most likely between 3 and 6
months of postnatal life (18). The interorbital distance should be measured pre-
operatively and compared to a normogram (19). The ideal distance is documented
and intraoperative correction is performed to increase the interorbital distance to
normal.

Bicoronal Synostosis

The bicoronal suture is fused restricting the anteroposterior growth of the anterior
cranial fossa (Fig. 10). This results in a decreased anteroposterior dimension of
the anterior cranial fossa. The bitemporal diameter is increased. The fronto-orbital
bar is recessed bilaterally. The supraorbitale (the most prominent point of the
fronto-orbital rim) is normally 2mm ventral to the plane of the cornea. In a child
with bicoronal synostosis, the fronto-orbital bar is recessed and the supraorbitale
is more dorsal (posterior) to the corneal plane (20). This leads to exorbitsm with
its associated complications. The objective of the surgery is therefore to place the
fronto-orbital bar 2mm ventral to the corneal plane.

Figure 8 Superior view of a three-dimensional CT scan demonstrates a fused sagittal suture
with frontal bossing and patent frontal and coronal sutures.
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Figure 9 A.A childwithmetopic craniosynostosis with ridging at the site of themetopic suture
and hypoplasia of the orbits. B. Superior view of three-dimensional CT scan of a child with
metopic craniosynostosis and patent coronal and sagittal sutures. Note the trigonocephaly.
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Figure 10 A. Lateral view of three-dimensional CT scan of a child with bicoronal synostosis.
Note the recession of the frontal orbital bar and turricephaly. B. Frontal view demonstrates
turricephaly and recession of the frontal orbital bar.C. Superior view shows bicoronal synostosis

with significant recession of the frontal orbital bar and the frontal bones. Both the frontal
orbital bar and the frontal bones lie dorsal to the malar eminences and the maxillary anterior
nasal spine.

392 Panchal and Francel



Unicoronal Synostosis

A unicoronal synostosis is characterized by a fused coronal suture (Fig. 11). The ipsi-
lateral fronto-orbital bar is recessed and the contralateral fronto-orbital bar and
frontal bone are more ventral. This is due to the secondary deforming changes that
occur due to the closed suture. Since anteroposterior growth cannot take place
across the closed coronal suture, compensatory changes take place along the contral-
ateral suture. This information is critical to understand when correcting unicoronal
synostosis: surgery will require correction of ipsilateral and contralateral bones. The
fused suture also restricts the growth of sphenoid, resulting in a reduction of the
anteroposterior dimension of the anterior cranial fossa. As a consequence, the ante-
rior endocranial base deviates towards the ipsilateral side. The ectocranium is
likewise also deviated to the ipsilateral side and, if uncorrected, would lead to
deviation of the face and the occlusal cant. The posterior cranial base is unaffected.
The roof of the orbit, which is formed by the greater wing of the sphenoid, is raised.
The shape of the ipsilateral orbit is more vertical and the contralateral more hori-
zontal (21).

Lamdoid Synostosis

This is characterized by an obliterated ipsilateral lamdoid suture. The anteroposter-
ior dimension of the posterior cranial fossa is reduced. The contralateral suture
therefore protrudes. The ipsilateral mastoid process bulges and in many ways is

Figure 10 Continued.
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Figure 11 A. Child with right unicoronal synostosis demonstrates asymmetry of the orbits.
The right orbit is narrower and taller than the contralateral side and there is mild deviation of
the facial axis. B. Three-dimensional CT scan demonstrates right unicoronal synostosis with

fused right coronal suture, and patent metopic, left coronal, and sagittal sutures. The right
frontal orbital bar and the right frontal bone are more dorsal than the contralateral side,
which demonstrates frontal bossing.
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characteristic of the lamdoid synostosis. The posterior cranial base is deviated to the
ipsilateral side whereas the anterior base is unaffected. The greatest difficulty lies in
differentiating between the deformational plagiocephaly or plagiocephaly without
synostosis and lamdoid synostosis. Synostosis restricts growth on the ipsilateral side
compared to deformational plagiocephaly, which deforms by pushing ventrally.
Thus in a lamdoid synostosis the petrous part of the temporal bone is pulled towards
the closed lamdoid suture. The external auditory canal is likewise also pulled
towards the fused suture. In contrast, the petrous temporal bone and the external
auditory canal are pushed anteriorly in deformational plagiocephaly. It is also not
uncommon to see ipsilateral frontal bossing in deformational plagiocephaly and
almost never in lamdoid synostosis. Thus the diagnosis of deformational plagioce-
phaly or lamdoid synostosis is made by assessing the secondary changes rather than
assessing the suture itself. This eliminates the diagnosis of partial suture closures and
lamdoid suture thickening.

Magnetic Resonance Imaging Scan

The magnetic resonance imaging (MRI) scan helps to delineate the pattern of corti-
cal gyrii and sulcii underneath the fused suture. There has been intense debate over
whether the abnormal pattern is secondary to the pressure from the overlying fused
suture or whether the pattern is a primary event and leads to a fused suture (Fig. 12).
Although a simple follow-up study comparing the preoperative MRI scans to the 1
year postoperative scans would allow the question to be answered, it has been very
difficult to measure the extent of the flattening of the gyrii and sulcii objectively
despite the sophisticated software used at the Natioanl Institutes of Health (NIH).
The study is further complicated by a lack of a database of normal MRI scans in
children of that age. The MRI scan only allows anatomical delineation of the cortex
and does not provide any information about cortical function.

Figure 12 Two-dimensional MRI examination in a child with unicoronal synostosis
demonstrates abnormality of the underlying cortex.
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Neurodevelopmental Analysis

The purpose of neurodevelopmental testing is to obtain information about cortical
functioning prior to and after cranial vault remodeling. Bayley Scales of Infant
Development – II (22) are frequently utilized to procure this information. A longitu-
dinal assessment is essential to performance of a meaningful analysis. These tests
allow a comparison of the child’s mental and psychomotor scales to a normogram
and thus help to quantify whether the child is delayed and whether the surgery helps
in reducing the severity of the delay. Children with syndromic craniosynostosis char-
acterized by multiple system involvement are often developmentally delayed. This
delay can be severe and the child could be classified as mentally retarded. However,
children with single-suture craniosynostosis do not have significant delays (23,24,25).
A more detailed assessment with more sophisticated analysis is therefore needed (26).
Such analyses show that these children have minor delays in learning and speech,
which were not previously recognized in this population (27,28). The greatest
difficulty with neurodevelopmental testing is the lack of accuracy in measuring
cortical function at age 3–6 months.

Positron Emission Tomographic Scan

A positron emission tomographic (PET) scan help to assess and quantify crudely
the glucose uptake of the cortex under the involved suture and also allows compar-
ison of pre- and postoperative status. A single study documented that the glucose
uptake is reduced under the fused suture and becomes normal after cranial vault
reconstruction. The temporal effect of growth on underlying cortex is however
unknown. The frontal cortex has only a minimal intake in the first 3–6 months
of life and increases dramatically by age 1 year (29). Thus, the surgical intervention
could be viewed as beneficial although the improvement in the glucose uptake was
physiological. A normal temporal pattern of glucose uptake in an infant has not
yet been established.

Need for Surgery

The aim of the surgical intervention is not only to excise the prematurely fused suture
but also to correct the associated deformities of the calvarium. Uncorrected synos-
tosis is associated with an increase in intracranial pressure documented in both ani-
mal model and in humans (11,12).

If not corrected, the deformity progresses to involve the facial skeleton and is
associated with asymmetry of the face and malocclusion. The asymmetry of the orbit
leads to ocular dystopia and consequent strabismus. The objective of the surgery is
to increase the intracranial volume, especially under the fused suture, and prevent
long-term complications. This is achieved by normalizing the calvarial shape.

Timing of Surgery

Surgery is best performed in early infancy for the following reasons:

1. The majority of the growth of the brain takes place in the first year of the
life. The deforming vectors of the growing brain result in progression of the
deformity with increasing age.
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2. Few studies have demonstrated an increase in the intracranial pressure in
nonsyndromic single-suture synostosis (11,12).

3. Single photon emission computed tomographic (SPECT)=PET scans have
demonstrated a decrease in the cortical blood supply underlying the
premature suture, which was normalized following surgery.

4. Osseous defects following surgery undergo reossification more completely
before age < 1 year than later. Delay in surgery beyond the first few years
of life leads to progressive deformity of the cranial base, which results in
abnormal facial growth, as well asasymmetry of the maxilla and the
mandible.

5. Surgery performed in early infancy corrects the abnormalities in the cranial
base (30).

For these reasons, there is now an increasing consensus among cranio-
facial surgeons and neurosurgeons that surgery should be performed in early
infancy.

SURGERY

Sagittal Craniosynostosis

Sagittal craniosynostosis is characterized by an increase in the anteroposterior direc-
tion and a reduction in a transverse direction. The objective of the surgery is not only
to excise the fused suture but also to correct the secondary deformational changes due
to the sagittal synostosis. In the past, the aim was to excise the fused suture only in the
hope that the secondary changes would correct themselves as the underlying brain
grew in the first year of postnatal life. This simple objective was achieved by removing
the fused suture with a strip craniectomy. The initial strip craniectomies were
associated with refusion and various agents were utilized to keep the sutures
patent (31). Later modifications included numerous variations of the strip craniec-
tomies (32).

Over the last decade, craniofacial surgeons have become more aggressive in try-
ing to correct the suture as well as the associated deformities of frontal bossing and
occipital bullet or bathrocephaly. This procedure of subtotal calvarectomy and cra-
nial vault remodeling involved excision of frontal, parietal, and occipital bones.
These were trimmed, reshaped, relocated, and then fixed with absorbable plates.
The primary objective of surgery was to release the synostotic constraint to normal
calvarial growth and improve the calvarial contour by reduction of anteroposterior
length and increase in transverse width.

Abandonment of accepted procedures and adoption of novel ones should be
predicated upon outcome assessment. Comparative evaluation among treatment
modalities requires identification of the goals of intervention as well as means
for assessing those goals. Over the past 25 years, normalization of the shape of
the head has been the ill-defined primary goal of craniosynostosis surgery.
Whether such normalization can be achieved has only infrequently been reported
using standard anthropometric measurements sensitive to cranial width and length
(cranial index). A retrospective quantitative analysis (using cephalic index) of
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40 infants who underwent surgery for sagittal craniosynostosis was therefore,
conducted to determine whether any difference in outcome, with respect to
cranial index, could be associated with either the age at surgery or extent of
the operation.

The cephalic index (CI) was calculated from the three-dimensional CT scan
images. The infants underwent either extended strip craniectomies (ESC) or subtotal
calvarectomy and cranial vault remodeling (STC). The CI and percentage changes
were compared preoperatively, perioperatively, and postoperatively within each
group, between two different techniques, and between two age groups. The mean
change (preoperative vs. postoperative) in actual CI of infants who underwent
ESC was 4 compared to 8 in infants who underwent STC (p¼ 0.08). The mean
percentage change of CI (preoperative vs. postoperative) following ESC was 4.6
compared to 8.2 following STC (p¼ 0.003). Following ESC, three patients demon-
strated deterioration in CI necessitating a reoperation in one patient. In contrast,
none of the patients who underwent STC demonstrated deterioration in CI
(Fig. 13). The mean CI of infants following ESC did not reach age-matched norm
values and only 29% had cephalic indices within normal range. In contrast, the mean
CI in infants who underwent STC reached age-matched norm values and 66% of the
patients had cephalic indices within normal range. The percentage change in CI in
infants who underwent ESC and whose age at surgery was � 4 months compared
to > 4 months did not reach statistical significance. Also, the mean cephalic indices
in either group (age � 4 months and age > 4 months) did not reach age-matched
norm values (Fig. 14).

If normalization of cranial shape is the goal of sagittal synostosis surgery, a
more extensive operation than an extensive strip craniectomy is necessary and age
at surgery between 1 and 13 months does not affect the outcome of infants under-
going ESC (33).

Figure 13 Graphic representation in the extent of improvement=deterioration. A com-
parison of children who have undergone STC vs. ESC.
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Neurosurgeons have recently been using the endoscope to perform strip cra-
niectomies, followed by use of a molding helmet for 6–8 months postoperatively
(34). The technique certainly reduces the morbidity and blood loss but does
not allow the surgeon to alter the shape or the cephalic index intraoperatively.
The procedure is a strip craniectomy but is performed with an endoscope. In the
above-mentioned study the extent of improvement using a strip craniectomy was
inferior to the cranial vault remodeling.

The technique adopted by the authors is a more extensive procedure of subtotal
calvarectomy and cranial vault remodeling. The technique utilizes a controlled
squeeze of the intracranial contents to reduce the anteroposterior dimension of the
calvarium and increase the transverse width of the skull.

Figure 14 A. Graphic representation of the normalization of cranial shape in children who

have undergone ESC. Only 29% of the postoperative cephalic indexes were within normal
range. B. Graphic representation of the cephalic indexes of children who have undergone
STC: 66% had postoperative indexes within normal range.
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Technique

The exposure is as described previously. A zigzag incision is utilized as a bicoronal
incision across the vertex for cosmetic reasons (Fig. 15). This heals and gives a less
visible scar. After extending the incision down to the subgaleal plane, a subgaleal dis-
section is utilized to elevate the flap both anteriorly and posteriorly. The anterior
flap is brought as far as down to the level of the orbital rim. The posterior flap is
brought all the way down to 1 or 2 cm above the foramen magnum. After elevation
of the scalp flap, two burr holes are created. Each is at the intermedial corner of their
respective parietal bones. Then, using a craniotome with a footplate, the two pure
parietal bone flaps are elevated with the borders corresponding to their respective
sutures: the sagittal suture, the lambdoid suture, the squamosal suture, and the
coronal suture.

By opening these two parietal bone flaps, exposure of the remaining bone off the
underlying dura can be done under direct vision reducing the potential of an intra-
operative tear of a major dural sinus and=or the creation of a cerebrospinal fluid
(CSF) leak. We have found that this particular step has increased safety and signifi-
cantly reduced the time of the craniotomy flap elevation.

Figure 15 Position of a child with sagittal craniosynostosis. The child is supported on a bean
bag in a prone position with the neck held in cervical extension. This position allows access to
the anterior and the posterior aspects of the calvarium to allow correction of frontal bossing

and occipital bullet.

400 Panchal and Francel



After mobilizing the dura, it is important then to obtain dural separation off the
sagittal suture. Because the suture is already fused, this is usually quite easy and much
simpler than could be done in the nonfused sagittal suture. The craniotome is usually
brought across the midposition of the parietal bone, across the sagittal suture, and
then carried around to create a biparietal frontal bone flap. There is no need to bring
the orbital cut more than 1–1.5 cm above the orbital rim. In trying to bring it lower in
this direction, the risk of dural tear in the anterior cranial dura is heightened. How-
ever, rising several centimeters usually will not enable enough of the frontal bone to
be removed for reconstruction of frequently-accompanying frontal bossing.

The same procedure is repeated for the posterior bone flap in which case a
biparietal occipital bone flap is elevated in the same fashion. In this posterior direc-
tion one must be particularly careful in bringing the craniotome across not only the
sagittal sinus but also the transverse sinuses bilaterally. The best bone exposure
extends slightly below the level of the two transverse sinuses. The parietal bones
are then brought to the back table for radial osteotomies and recontouring with
Tessier bone benders and other craniofacial tools.

First the bifrontal parietal bone flap is replaced followed by the biparieto-occi-
pital bone flap. These are secured to the adjacent margins using absorbable plates.
This is only done, however, after creating barrel stave osteotomies in the cranial base
bone and in the temporal bone regions where an increase in the width can easily be
obtained. There is no need to create barrel staves in the region of the orbital rim,
which would also be dangerous. The barrel stave bones are then greenstick fractured
to provide the appropriate width increase. This is checked repeatedly after bone flap
adjustment to ensure that an appropriate amount of green fracturing has been
obtained. The most important area of green fracturing is the sphenoid wing, because
patients with sagittal synostosis often have significant temporal narrowing created
by the sphenoid wing. If this is brought out laterally, the width will be significantly
improved in the patient.

As mentioned, the bifrontal parietal bone flap and the biparieto-occipital bone
flap can then be secured to the adjacent cranial border. Finally the midline bone
struts that had been left over the sagittal suture can be decreased in length to
provide the so-called squeeze technique for anteroposterior (AP) shortening. As
mentioned above, this squeeze is usually 10–20mm. It is done gradually with mea-
surement using rule or calipers, and very slowly so that no real direct compression of
the brain structure results. One will often find after the bone has been removed in a
subtotal calvarectomy that the brain will easily accommodate this squeeze techni-
que.

All that remains before the final skin closure is replacement of the parietal bone
flaps. Because of the reduction in the AP length, the parietal bone flaps will need to
be shorted in the AP dimension as well. These will undergo radial osteotomies and
remodeling. The bone flaps are then replaced and secured with several absorbable
plates and screws. If necessary, a few additional Vicryl sutures can also be utilized
to hold these flaps in position.

After the approximation of the skin and a two-layer closure over a drain, the
head shape can be visualized and a cephalic index can be measured directly to deter-
mine if the appropriate amount of improvement has been obtained. If 10–20mm of
shortening of the AP length is produced, an appropriate improvement in the cephalic
index has been attained (Figs. 16,17).
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Figure 16 A. Anterior view of a child with sagittal craniosynostosis demonstrates frontal

bossing and mild turricephaly. B. Preoperative superior shows dolichocephaly. C. Three-
dimensional CT scan, superior view, demonstrates fused sagittal suture, frontal bossing and
dolichocephaly.

402 Panchal and Francel



Figure 17 A. Postoperative frontal view of the same child 1 year after surgery for correction
of sagittal craniosynostosis. B. Postoperative lateral view shows normocephaly and absence of
frontal bossing, turricephaly and occipital bullet. C. View of a child with sagittal

craniosynostosis who underwent cranial vault remodeling (1 year follow-up). Note normal-
ization of the calvarial shape and no evidence of dolichocephaly. D. Three-dimensional CT
scan 1 year following correction of sagittal craniosynostosis demonstrates normalization of the
calvarial shape without evidence of dolichocephaly.
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Figure 17 Continued.
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Unicoronal Synostosis

Preoperative Planning

VentralAdvancement of the SupraorbitalBar. The ipsilateral supraorbital rim is
recessed. A two-dimensional long-axis view along the apex of the orbit and the center
of the cornea demonstrates the extent of the recession. The ipsilateral supraorbital
rim is dorsal to the plane of the cornea. Normograms have revealed that the supraor-
bital rim is 2–3mm ventral to the vertical plane of the cornea. The extent of ventral
movement of the supraorbital rim, so as to position it 3mm ventral to the vertical
plane of the cornea, is measured. This varies between 7 and 15mm, depending on
the severity of the unicoronal synostosis.

Correction of the Asymmetry of the Orbits. The ipsilateral roof of the orbit is
higher than the contralateral orbit. The contralateral orbit, in contrast, is wider than
normal. The height and width of the orbit are determined utilizing normograms and
the extent of correction is determined. The height of the ipsilateral orbit is reduced
by excising bone at the frontozygomatic and nasomaxillary sutures. The width of the
ipsilateral orbit is increased by inserting a cranial bone graft into the supraorbital
rim. The height of the contralateral orbit is likewise increased by elevating the
supraorbital bar and its width is then reduced by excising a bone segment from
the supraorbital bar (Fig. 18).

Preoperative Preparation

As with all craniosynostosis patients, careful examination is essential to rule out
other congenital anomalies. Preoperative work-up includes determination of the
child’s blood group. Parents or relatives are requested to donate two units of blood
prior to surgery. Cell Savers are used intraoperatively to aid autotransfusion. A com-
plete blood count (CBC) and cross match are performed intraoperatively. Surgery
should be performed with a wide-bore intravenous access, intra-arterial pressure
monitoring, and urethral catheterization. Intraoperative antibiotics include genta-
mycin and nafcillin.

Surgical Technique

After endotracheal intubation (35) the child is positioned supine on the operating
table with the head on a well-padded neurosurgical horseshoe. Depending on the
preference of the parents, either all the hair or only the hair along the planned inci-
sion is shaved. The head and the face to the tip of the nose are prepped and draped.
This allows access to the calvarium and the orbits. A zigzag bicoronal incision is
marked at midvertex to prevent the hair from parting along a straight line and
thereby concealing the scar. The skin is divided with a #15 scalpel. Further dissec-
tion is performed in the subgaleal plane utilizing a coagulating cautery. The tempor-
alis fascia is divided laterally close to its insertion and the temporalis muscle is
elevated from the parietal bone until the lateral orbital wall is exposed. The dissec-
tion continues in the subgaleal plane until a point 10mm above the supraorbital rim.
The periosteum is divided with a cautery and stripped to expose the supraorbital rim.
The supraorbital neurovascular bundle is gently teased out of the notch. In rare cases
a narrow osteotome is necessary to relieve the neurovascular bundle. Further dis-
section is continued in the subperiosteal plane to expose the roof of the orbit.

Congenital Craniofacial Anomalies 405



Figure 18 Graphic representation of the method of correction of the orbital asymmetry.

A. Right orbit is wider and shorter than the left which is narrower and taller. B. Right orbit
is decreased in its width by reducing the width of the frontal orbital bar on the right. The left
frontal orbital bar is widened by 5mm. The height of the left orbit is reduced by 3mm.

C. Corrected position of the right and the left orbit, held in position by Lactosorb plates and
screws. Bone graft on the left orbit, which is 5mm wide, is also fixed by Lactosorb plates and
screws.
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Care should be taken not to violate the periorbital contents. The orbital roof
from the lacrimal crest medially to the frontozygomatic suture laterally is
exposed.

The neurosurgeon and the craniofacial surgeon plan osteotomies. The osteo-
tomy is planned anteriorly 12–15mm above the supraorbital rim. Laterally the
osteotomies reach the pterion and extend inferiorly and ventrally to span the lat-
eral orbital wall to reach the frontozygomatic suture. Posteriorly the osteotomies
are planned to reach 20–25mm dorsal to the coronal sutures. Once the surgeons
mark the osteotomies, the neurosurgeon creates a burr hole at the intersection
of the proposed osteotomy sites. The osteotomies are performed utilizing a
Midas-Rex osteotome with a shoe. Once the frontal osteotomies are performed,
the dura is separated from the bone using a Penfield dissector. Care is taken to
prevent any dural perforation. If any dural lacerations are detected, these are
immediately repaired. The frontal bones are excised and delivered to the craniofa-
cial surgeon. The dura from the anterior cranial fossa is dissected from pterion to
pterion. Malleable retractors are used to retract the frontal lobes and the periorbi-
tal contents. An osteotomy is made in the roof of the orbit using a Midas osteo-
tome. The osteotomy in the anterior cranial fossa is extended medially to reach the
crista galli and laterally to reach the pterion. A reciprocating saw is then used to
complete the osteotomy from the pterion to the frontozygomatic suture and from
the ipsilateral lacrimal crest to the contralateral lacrimal crest across the nasofron-
tal suture. A 3mm osteotome is then utilized to complete the osteotomy by gently
tapping with a mallet. The supraorbital bar is then excised and delivered to the side
assembly table.

The craniofacial surgeon divides the supraorbital bar in the midline. Each
superior orbital bar is split at the highest point and either widened or narrowed
depending on the preoperative measurements from the three-dimensional CT scan.
The supraorbital bar is likewise either located inferiorly or superiorly to reduce or
increase the height of the orbit. A T-shaped Lactosorb absorbable is utilized to fix
rigidly the two halves of the supraorbital bar. An eight-hole absorbable plate is fixed
at the most lateral end of the supraorbital bar. The supraorbital bar is then advanced
by 7–15mm depending on the preoperative CT scan measurements. A tenon and
mortise calvarial bone graft is then inserted in the interval at the site of the advance-
ment. The posterior (dorsal) end of the absorbable plate is rigidly fixed using absorb-
able 1.5mm screws. This method allows achievement of symmetrical orbits and
supraorbital bar irrespective of the severity of the synostosis.

If narrowing is present at the pterion preoperatively, it is corrected by radial
osteotomy at the pterion and outfractures of the pterion. Each frontal bone is then
shaped by performing multiple radial osteotomies along the inferior and posterior
border. Tessier’s bone benders are used to correct the frontal bossing by either
increasing or decreasing the convexity of the frontal bones. Once both frontal bones
appear symmetrical in shape, they are placed over the supraorbital bar and rigidly
fixed using absorbable 1.5mm plates and screws (Fig. 19).

The temporalis muscle is advanced and reattached to the temporal bone utiliz-
ing absorbable sutures through holes created in the calvarium. This step is essential
to prevent an hourglass deformity of the calvarium. The scalp flap is replaced and
symmetry is confirmed. A single 7mm suction drain is placed underneath the scalp
flap and the wound closed in layers using interrupted sutures of 4=0 Vicryl for the
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galea and continuos percutaneous rapidly absorbing Vicryl for the skin. A light dres-
sing and a head bandage complete the procedure. (Figs. 20,21).

Bicoronal Synostosis

The objective of surgery is to increase the anteroposterior dimension of the calvar-
ium by ventrally advancing the frontoparietal bones and the fronto-orbital bar.
The latter would increase the projection of the supraorbital rim 2mm beyond the
corneal plane.

Planning

Appropriate software that allows delineation of the bone segments and their
advancements can be used. Most such programs are cumbersome and require
prolonged duration of manipulation before the appropriate position is
obtained. In spite of the most accurate preoperative planning, current software
does not allow intraoperative confirmation that the desired position is
reached. The recent surge in frameless stereotactic neurosurgery procedures
will probably allow accurate confirmation of the desired position intraopera-
tively.

A two-dimensional sagittal image is used for preoperative calculations. This
image traverses the centroid (center of the ocular globe) and the center of the orbi-
tal apex. The position of the supraorbitale is confirmed on this view. The corneal
plane is developed by passing a line connecting the infraorbitale to the most pro-
minent point of the cornea. The line is extended so that it passes 2mm ventral to

Figure 19 Fronto-orbital bar demonstrates correction as mentioned in Figure 18. Note
the presence of an absorbable plate at the lateral aspect of the fronto-orbital bar, which

will allow rigid fixation and advancement of the left frontal orbital bar at the pterion.
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Figure 20 A. A 4-month-old child with unicoronal synostosis with asymmetry of the orbits
and mild asymmetry of the facial axis. Note the discrepancy between the size of the palpebral

fissures. B. Three-dimensional CT scan demonstrates right unicoronal synostosis. The right
orbit is narrower and taller than the contralateral side. Note the deviation in the facial axis. C.
Preoperative three-dimensional CT seen from the superior view. Note that the right coronal

suture is fused compared to the metopic, left coronal, and sagittal sutures, which are patent.
D. Preoperative three-dimensional CT scan endocranial view demonstrates asymmetry of the
greater wings of the sphenoid and anterior cranial fossa, with deviation of the facial axis.
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Figure 20 Continued.
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Figure 21 A. Same child 1 year after surgery. Note significant improvement in the position

of the orbit and the palpebral fissure and improvement in the deviation of the facial axis. B.
One year postoperative three-dimensional CT scan. Note the improvement in the position of
the orbits as well as correction of deviation in the facial axis. C. One year postoperative three-

dimensional CT scan also shows perfect symmetry of the calvarium, correction of frontal
bossing, and minimal-size osseous defects. D. One year postoperative endocranial view shows
significant improvement in the symmetry of the anterior cranial fossa and improvement in

deviation of the anterior cranial base.
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Figure 21 Continued.

412 Panchal and Francel



the cornea. This gives an approximate extent of ventral advancement of the fronto-
orbital bar.

Operative details

A frontal and parietal craniotomy is performed and the fronto-orbital area is excised
as in unicoronal synostosis. The fronto-parietal bar is then advanced by 7–15mm so
that the supraorbitale is 2mm ventral to the corneal plane (the precise measurement
is calculated preoperatively as discussed above). The fronto-orbital bar is then rigidly
fixed at three points: nasion, and bilaterally at the pterion. Rigid fixation especially
at the nasion is critical. A study comparing rigid fixation with bone graft and poly-
lactic acid suture (Vicryl) revealed a better outcome for rigid fixation at 1 year. While
making the osteotomy within the calvarium, it is useful to place it posterior to the
bicoronal suture at the maximum transverse biparietal diameter. The site of the cal-
varial advancement thereby comes to lie dorsal to the maximum biparietal diameter.
As reossification takes place within the osseous defect created by the advancement,
it is not uncommon to have a narrowing at this site. If this narrowing is dorsal to
the widest part of the calvarium, it not visible and prevents the typical hourglass
deformity of the calvarium. (Figs. 22,23).

Metopic Synostosis

The objective of surgery is to increase the volume of the anterior cranial fossa by per-
forming a ventral advancement of the fronto-orbital bar. Since the interorbital dis-
tance is reduced, the bifrontal diameter needs to be increased at the pterion to correct
the abnormality (Fig. 24).

Operative Details

These are described in detail elsewhere (36) Following the frontoparietal craniotomy,
the fronto-orbital bar is excised and transferred to the side assembly table. The bar is
split in the midline. A calvarial bone graft is placed between the two halves to correct
the reduced interdacryon distance. The width of the bone graft should be equal to
the extent of correction necessary to normalize the interdacryon distance. If the
bar is thick at the midline, a tenon mortise bone joint is used to increase the stability
of the bone graft. A T-shaped absorbable plate is utilized to fix the graft at the junc-
tion of the fronto-orbital bar and the nasion. The extent of advancement does not
generally exceed 5mm at the pterion. The fronto-orbital bar is typically V-shaped
in metopic synostosis due to the trigonocephaly. It is therefore important to change
the shape of the fronto-orbital bar by creating a wedge-shaped cut at the junction of
the medial two-thirds and lateral one-third of the fronto-orbital bar. This allows
creation of a normal contour of the forehead. The frontal bones are reshaped by
making multiple osteotomies. The osteotomies are made with straight Mayo scissors
if the child is less than 6–8 months in the older child, one needs to use a side cutting
burr or a sagittal saw. The remodeled bone is fixed using absorbable plates. A
T-shaped plate is used at the nasion and a 2�4 plate at the pterion (Figs. 25,26).

Postoperative Care and Follow-up

Following extubation the child is transferred to the pediatric intensive care unit for
24–48 h. This allows close monitoring for level of consciousness and hemodynamic
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Figure 22 A. Preoperative frontal view photograph of a 6-month-old child with bicoronal
synostosis. Note the frontal bossing bilaterally. B. Preoperative lateral photograph shows
recession of the frontal orbital bar and exorbitism. C. Preoperative three-dimensional CT scan

lateral view demonstrates bicoronal synostosis, recession of frontal orbital bar and hypoplasia
of the lateral wall of the right orbit. D. Preoperative three-dimensional CT scan superior view
demonstrates bilateral fused coronal sutures with patent sagittal and lambdoid sutures with
severe restriction in the anterior=posterior dimension of the anterior cranial fossa.
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stability. Parents are warned that there will be considerable swelling of the scalp and
periorbital contents, which diminishes in 3 days. It is not unusual for the child to
experience a temperature of 388C for the first 72 h. Continuing pyrexia and persistent
swelling and cellulitis should be a source of concern and investigated.

A three-dimensional CT scan is performed on the fifth postoperative day. This
provides an accurate documentation of the sites of osteotomy and allows the sur-
geons to confirm whether the appropriate symmetry and ventral advancement were
achieved intraoperatively. The child is then discharged. Further follow-up is per-
formed at 3 weeks, 6 weeks, 3 months, 6 months, 1 year, an annual visit until age
6, and then once every 2–3 years. Longitudinal follow-up by a craniofacial team
allows assessment of the disease and the procedure on the child’s neuropsychological
development and craniofacial growth.

A three-dimensional CT scan and MRI scan performed 1 year following sur-
gery are helpful in documenting whether the ventral movement and symmetry of
the orbits have been maintained. Recently, the authors have started performing a
PET scan before and 3 months postoperatively to document changes in metabolism
of the cortex underlying the fused suture.

Complications

To reduce mortality and morbidity, this surgery should be performed in a children’s
hospital with pediatric anesthesiology and pediatric intensive care facilities. Recent
series have demonstrated only isolated cases of mortality. The most common cause
of mortality is insufficient blood replacement intraoperatively. Blood loss should be
minimized and replaced quickly.

Figure 22 Continued.
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Figure 23 A. One year postoperative photograph of child in Figure 22 shows good position
of the orbits and absence of frontal bossing. B. One year postoperative photograph lateral

view demonstrates perfect position of the frontal orbital bar with respect to the ocular globe
and good frontal projection and absence of exorbitism. C. Postoperative three-dimensional
CT scan lateral view demonstrates good position of the frontal orbital bar and frontal bones in
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Figure 23 (continued) relation to the orbits, and correction of the anterior=posterior
dimension of the lateral wall of the right orbit. D. Note perfect symmetry of the right and left
frontal bones and good projection of the anterior cranial fossa without osseous bony defects.
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The incidence of wound infection and dehiscence is extremely low. Cranial
bone graft infection can be minimized significantly by administering a 48 h prophy-
lactic antibiotic regimen consisting of nafcillin and gentamycin. Continuing CSF
leakage is extremely rare if adequate precautions are taken to ensure the proper clo-
sure of dural tears intraoperatively.

Long-term follow-up may reveal minor asymmetries of the supraorbital bar and
forehead. They can be corrected using hydroxyapatite paste. Ossification within the
orbit takes place rapidly and is complete in the majority of patients within a year fol-
lowing surgery (38). Persistent areas of incomplete ossification larger than a centimeter
in diameter are similarly treated with hydroxyapatite paste. Major asymmetries may
require revision osteotomy and readvancement of the supraorbital bar.

Absorbable Plates

Just as titanium plating devices revolutionized maxillofacial fixation ensuring a rigid
fixation that resulted in a better outcome, absorbable plating systems have revolutio-
nized pediatric craniofacial surgery.

There was initial enthusiasm for using titanium plating devices in children with
growing calvarium. Complications occurred as the resorption of inner table and
deposition of new bone on the outer table led to gradual progression of the titanium
plates over the calvarium onto the dura, sometimes coming in direct contact with the
brain.

At the same time the absorbable plating technology was becoming more
dependable (Fig. 27). These plates are manufactured from a combination of polygly-
colic acid and polylactic acid. The addition of polylactic acid increases the resorption
period of the plate, which varies from 12 to 36 months. Resorption typically occurs
by hydrolysis and therefore does not incite a inflammatory reaction. Studies have
documented that the rigidity offered by absorbable plating devices is equivalent to
that of titanium devices. The absorbable screws, unfortunately, need to be tapped
adding time to surgery, but with practice this is negligible.

Use of Hydroxyapatite Bone Substitute

Although hydroxyapatite has been used extensively by orthopedic surgeons for joint
implants and by maxillofacial surgeons for chin augmentation, the compound has

Figure 24 A. The frontal orbital bar has been excised and split in the midline. B. Lateral
view. A small burr is used to create a tenon and mortise joint reconstruction for stability to

widen the frontal orbital bar. C. Small calvarial graft between the two halves of the frontal
orbital bar. The tenon and mortise fixation technique is demonstrated. D. The small calvarial
bone graft is placed between the right and the left frontal orbital bar and held in position.
E. Superior view of the frontal orbital bar demonstrates the calvarial bone graft with the two

halves of the frontal orbital bar. F. An absorbable inverted T-shaped plate is used to fix the
bone graft to the frontal orbital bar. The vertical element of the T plate will be used to fix the
frontal orbital bar at the nasion. G. The greenstick osteotomies are performed at the junction

of the medial two-thirds and lateral one-third of the frontal orbital bar on each side to improve
the projection of the frontal orbital bars at these sites. H. Superior view of the frontal orbital
bar and dura of the underlying cortex. Note the position of the frontal orbital bar,

demonstrating an improvement in the widening of the bifrontal diameter and improving
projection of the frontal orbital bar.
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Figure 24 Continued.
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Figure 24 Continued.
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Figure 24 Continued.
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Figure 25 A. Preoperative frontal view of a child with metopic craniosynostosis shows

a visible metopic ridge. B. Preoperative superior view demonstrates trigonocephaly. C.
Preoperative three-dimensional CT scan frontal view demonstrates metopic craniosynostosis.
D. Preoperative three-dimensional CT scan superior view demonstrates trigonocephaly and

fused metopic suture.
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Figure 25 Continued.
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Figure 26 A. Postoperative frontal view demonstrates normalization of the trigonocephaly.
B. Postoperative superior view demonstrates correction of trigonocephaly. C. Postoperative

three-dimensional CT scan frontal view demonstrates correction of trigonocephaly D.
Postoperative three-dimensional CT scan superior view demonstrates site of the osteotomy
and improvement in the trigonocephaly.
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Figure 26 Continued.
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been available only as blocks. The material has recently been produced as powder,
which is mixed with sodium phosphate. This results in a paste that can be used to
fill osseous defects and also augment frontal or temporal bones. Although the first
products did not solidify for 24 h, especially in presence of moisture, more recent
products solidify in 10min even in presence of moisture and blood, giving more
reliable results. The product is now used extensively by craniofacial surgeons for
augmentation of the frontal and the temporal bones after cranial vault remodeling
for craniosynostosis for temporal hollowing and minor asymmetries. It is also used
for osseous defects that have failed to ossify after cranial vault remodeling (Fig. 28).
The authors have extended their indications to malar augmentation successfully (38).

Craniofacial Syndromes

Apert’s syndrome is a rare craniofacial syndrome that occurs sporadically in most
cases but can be transmitted by an autosomal dominant trait in some families.
The syndrome is also known as acrocephalosyndactyly due to the cranial and extre-
mity involvement. The syndrome is characterized by a bicoronal synostosis, turri-
cephaly, severe exorbitism, midface hypoplasia, anterior open bite, and bilateral
symmetrical complex syndactyly of the digits and toes. These children also have
developmental delays and hyperactivity and often experience obstructive sleep apnea
due to the airway restriction caused by midface retrusion (Fig. 29).

Crouzon syndrome or craniofacial dysostosis is a rare syndrome (prevalence 1 :
25000 in the general population). The syndrome, which transmits as an autosomal
dominant trait within families, is characterized by exorbitism, midface retrusion,
and brachycephaly due to bicoronal synostosis. The midface is characteristically
box-shaped and may be associated with hypertelorism. The mandible grows normally
but may be secondarily deformed by maxillary retrusion and malposition (Fig. 30).

Pfeiffer syndrome, described in 1964, consists of craniosynostosis, broad
thumbs, broad great toes, and occasionally partial soft tissue syndactyly of the hand.
The syndrome is inherited as an autosomal dominant trait with complete penetrance
(Fig. 31).

Figure 27 A. Absorbable screw, 1.5mm diameter, utilized for rigid fixation of the calvarium.
B. Various sizes and shapes of 1.5mm thick absorbable plates utilized for rigid fixation.
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Figure 28 A. Osseous defect left in the calvarium after compound comminuted fracture
due to trauma. B. Three-dimensional CT scans demonstrates abnormality in the contour
and osseous defect over the left temporoparietal skull. C. Intraoperative view of the osseous

defect with exposed dura. D. Absorbable 0.25mm Lactosorb mesh used as an intervening
surface between the dura and the overlying osseous defect. E. Intraoperative view shows
position of the absorbable plate at the dural interface. F. Hydroxyapatite powder is
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Figure 28 (continued) transferred to a container in sterile fashion. G. Hydroxyapatite is
mixed with sodium phosphate solution to form a paste. H. The paste is applied to the osseous
cavity and allowed to set and harden. I. Three-dimensional CT scan after application of the

hydroxyapatite into the osseous defect. Note that the osseous defect is completely obliterated.
J. Postoperative three-dimensional CT scan superior view demonstrates perfect contour
between the right and the left temporoparietal regions following application of hydroxyapatite.
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Figure 28 Continued.
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Figure 28 Continued.
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Figure 28 Continued.
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Figure 29 A. 3-month-old child with Apert’s syndrome demonstrates turricephaly, frontal

bossing, and recessed frontal orbital bar. B. Complex syndactyly of the left hand.

Figure 30 Older child with Crouzon syndrome shows bilateral exorbitism, midface retrusion
and class III malocclusion.
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Carpenter syndrome is characterized by craniosynostosis in association
with preaxial polysyndactyly of the feet, short fingers with clinodactyly, and
variable soft tissue syndactyly. It is transmitted by autosomal recessive
inheritance.

Saethre Chotzen syndrome has an autosomal dominant inheritance pattern
and is characterized by craniosynostosis, low-set hairline, and ptosis of the upper
eyelids, facial asymmetry, brachydactyly, partial cutanoeus syndactyly, and other
skeletal anomalies.

Management

The management of these syndromes involves the following:

I: Correct craniosynostosis between the ages of 3–6 months.
II: Correct syndactyly between the ages of 1–2 years.
III: Correct midface retrusion by distraction by age 4–5 years if the child

has severe obstructive sleep apnea, severe malocclusion, or severe
psychological disturbance.

IV: Correct hypertelorism and turricephaly, if present, at age 4–6 years.
V: Await full maturity and perform Le Fort I or Le Fort III procedure in

conjunction with mandibular osteotomy to normalize appearance and
correct malocclusion.

Figure 31 A. Frontal view of a child with Pfeiffer syndrome. Note the frontal bossing and

significant recession of the frontal orbital bar. B. Profile: note the recession of the frontal
orbital bar, exorbitism, and turricephaly.
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CRANIOFACIAL DISTRACTION

Introduction

Distraction as a concept for lengthening was introduced by Codvilla but popularized
by Ilizarov (39) who performed gradual distraction of the limbs of dogs at the very
slow rate of 1mm=day. He applied this science to human long bones by performing
an incomplete osteotomy of the tibia and applying gradual distraction forces. He was
successful in lengthening congenitally short limbs. His technique has been adopted
by orthopedic surgeons around the world not only for congenital cases but also
for osseous defects following trauma.

In the past, craniofacial surgeons have been disappointed by the outcome of
immediate intraoperative lengthening of the mandible and the midface for children
with mandibular and maxillary hypoplasia in association with obstructive sleep
apnea. Intraoperative advancement was limited by the severely deficient soft tissue
and, in spite of rigid fixation, there was recurrence of the deformity.

McCarthy (40) commenced lengthening the mandibles of dogs initially, fol-
lowed by procedures in humans. He was successful in obtaining significant ventral
advancement. The technique was quickly applied to the hypoplastic mandible of
children with obstructive sleep apnea. Initial results suggested that the technique
was successful in relieving the obstructive sleep apnea and even allowed decan-
nulation. Subsequent studies showed that advancement remained stable and the
mandible continued to grow (41). The technique has been widely adopted for
mandibular and maxillary advancement (42).

Basic Science

Distraction osteogenesis is defined as creation of new bone at the site of osteoto-
my=corticotomy by a process of gradual separation of the bony segments. The pro-
cess of distraction creates a tension stress effect and promotes metabolic activation,
vasculogenesis, and eventually new bone formation (43). The new callus being
formed is comprised of four zones:

Fibrous central zone akin to the inflammatory response seen following trauma
or injury

Transition zone marked by progenitor cells transforming into osteoblasts and
creating new bone

Bone remodeling characterized by mature osteoblasts and osteoclasts remodeling
the newly created bone

Mature bone zone following a period of consolidation.

Recent studies (44) have focused on the molecular changes that accompany dis-
traction osteogenesis.

Transforming growth factor-beta has been found to be the primary initiator of
events. TGF beta initiates vasculogenesis and stabilizes the walls of the new vessels.
The presence of vasculogenesis is critical in setting the stage for the next step of
osteogenesis. Without the aid of the augmented blood supply, the osteoblasts are
incapable of supporting mitosis. The presence of TGB beta upregulates the depo-
sition of type I collagen molecules, eventually leading to membranous ossification
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of the regenerate. TGF beta may also be responsible for the mineralization of the
regenerate by osteocalcin gene expression.

Distraction Osteogenesis

Advantages

These include the following:

Limits the extent and the morbidity of surgery of ventral advancement.
Allows significant ventral advancement of the bone segments in spite of soft

tissue constraints.
Produces a stable ventral advancement with minimal or no relapse (41).
Provides soft tissue augmentation along with the osteogenesis.
Distraction osteogenesis can be repeated at a later time if necessary.
Is a successful technique to decannulate children with obstructive sleep

apnea (45).
Can prevent the use of a trachoetomy in neonates with severe mandibular

hypoplasia (46).

Disadvantages

These include the following:

The external pin tracts leave scars that may require revision.
The devices are socially unacceptable.
The process of distraction and later consolidation is 6–12 weeks long.
Accurate planning and distraction vector projection make it difficult to correct

malocclusion.

Mandibular Distraction

Indications

These include the following:

Obstructive sleep apnea secondary to mandibular hypoplasia
Malocclusion with symptoms
Psychosocial abnormalities associated with a severe deformity

Investigations and Preoperative Planning

The presence of obstructive apnea is documented by performing a sleep study. This is
followed by a nasoendoscopy to rule any other causes of the obstructive apnea. A
three-dimensional CT scan is performed to document the anatomy and help plan
a vector of distraction. Measurement of occlusal cant is helpful in determining the
extent of vertical correction. Computer-aided planning is now available to improve
accuracy and outcome (47). The role of the soft tissue constraints in distraction are
difficult to predict. The use of multiplanar devices somewhat obviates the need for
very accurate planning because of their flexibility. Following completion of distrac-
tion and removal of devices, a three-dimensional CT scan is performed to document
the extent of correction achieved. A postoperative sleep study is also necessary to
confirm correction of the obstructive apnea.
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Procedure

The technique can be performed using either an external or an internal distractor.
External distractors allow multiplanar distraction vectors thereby improving the out-
come but are cumbersome and sometimes socially unacceptable. Internal distractors
are lightweight and not visible but allow uniplanar distraction only and require a
second procedure to remove the device.

The technique involves intraoral exposure of the buccal surface of the mand-
ible followed by an osteotomy of the buccal, superior, and inferior surfaces. Two
percutaneous pins are inserted proximal to the osteotomy and two distal. The
osteotomy over the lingual surface is completed using a narrow osteotome to pro-
tect the inferior alveolar nerve. The procedure is repeated on the contralateral side
if the deformity is bilateral. The external devices are fitted and the surgical incision
is closed. After a latent period of 5–7 days, the process of distraction is com-
menced at the rate of 0.5mm twice daily. For multiplanar devices, ventral
advancement is commenced first followed by changes in the gonial angle and
the transverse dimension of the mandible. The ventral advancement is performed
by the parents daily and assessed by the physician on a weekly basis. The process
of distraction is continued until the desired outcome is obtained. On completion of
the distraction process, a 6week period of consolidation is recommended to stabi-
lize the bone segments. The distraction devices are then removed, generally under
sedation.

Figure 32 A. 16-year-old undergoing maxillary distraction utilizing an RED device.
The device is fixed to the skull utilizing four superficial pins that penetrate the outer layer

of the calvarium. The central bar allows placement of the fixation device on the maxillary
alveolus at any location, allowing significant flexibility in the direction of the maxillary
distraction. B. Profile view of the RED device.
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Complications

Infection. The presence of percutaneous pins for 6–8 weeks predisposes the
sites to infection. Although common, the infection rarely leads to osteomyelitis
requiring removal of the pins and the device. The pin tracts need to be kept clean
to prevent infection.

Damage to the Inferior Alveolar Nerve. It is nearly impossible to perform a
split-ramus osteotomy in a child, especially with a hypoplastic mandible. The nerve

Figure 33 A. Frontal view of the teenager in Figure 32: class III malocclusion.

B. Appearance after cleft palate surgery with significant class III malocclusion.
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is within the path of osteotomy. Some surgeons perform an incomplete osteotomy
and then continue distraction until the lingual cortex fractures. This is painful in
the postoperative period. Other surgeons perform a separate osteotomy of the lin-
gual cortex with a narrow osteotome, which eases the pain during distraction.
Although it is difficult to document accurately the effect of distraction of the nerve
in a child, no adverse effects have been noted in long-term studies.

Asymmetry of the Mandible. In spite of accurate preoperative planning, it is
difficult to achieve a perfectly symmetrical result. The presence of multiplanar device
allows for some correction during the distraction period. The patient and the parents
need to be warned about this and informed that if the distraction is performed in the
prepubertal phase, a final orthognathic surgery may be necessary on cessation of
postpubertal growth.

Long-term Growth. Studies have documented that results following distrac-
tion have not showed evidence of relapse (41).

Inability toDecannulateSuccessfully. It is critical to investigate and rule out or
treat all other causes of obstructive apnea before contemplating a mandibular osteo-
tomy. If not, it is difficult to decannulate the tracheotomy-dependent child.

Figure 34 A. Postoperative view after maxillary distraction using the RED device. B. Profile
view.
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Maxillary Distraction Osteogenesis

It was only natural that the process of distraction be applied next for maxillary
distraction. The initial devices were used with Le Fort I level osteotomies but
later devices were designed to be used with Le Fort III osteotomies.

Indications

Indications include severe midface deficiency secondary to cleft palate or craniofacial
anomalies especially Apert’s, Crouzon, and Binder syndromes in association with
obstructive sleep apnea and=or exorbitism and=or severe malocclusion. Although sur-
gery has traditionally been performed after postpubertal growth, over the last decade
this has been relaxed to include younger children because of the availability of distrac-
tion and an earlier recognition of sleep apnea with the use of sophisticated investiga-
tive technology. Before the age of 3 years, facial sutures are not fused and distraction
forces tend to disrupt the sutures before they produce significant ventral movement.

Technique

Le Fort I Osteotomy and Distraction. Preoperative planning is essential using
cephalographs and three-dimensional CT scans. The design of the movement vector

Figure 35 A. Frontal view of a child with right hemifacial microsomia with asymmetry of
the mandible and maxilla. B. Class II malocclusion with deviation of the occlusal cant due to

involvement of the right mandible and secondary involvement of the maxilla.
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is important to determine the final position of the maxilla. An acrylic model can be
manufactured from data provided by the scan. Surgery can be performed on the
model to simplify the process intraoperatively. Dental occlusion is very important
and preoperative orthodontic evaluation followed by a postoperative treatment plan
helps immensely in correcting malocclusion. In contrast, orthodontic evaluation is
not absolutely essential for patients with deciduous dentition.

The most popular system for Le Fort I osteotomy is rigid external distraction
(RED) (48). A maxillary splint is made by an orthodontist and fitted preoperatively.
The device is fixed as a halo using four scalp screws fixed to the temporal skull.
A central rod projects down from the halo. A single central bar is attached horizon-
tally. Two thick wires project from the maxillary splint and are attached to the hor-
izontal rod with a screw. The screw is rotated twice daily until the desired occlusion
is reached. Although the device is cumbersome, it offers the advantage of manipulat-
ing the Le Fort I maxillary segment until the desired position is reached without
difficulty. In contrast, other devices on the market do not allow that flexibility
and therefore can be used reliably only for patients with deciduous dentition.

Access to the maxilla is obtained through the gingivobuccal sulcus. The perios-
teum is stripped from the anterior surface of the maxilla, taking care not to damage
the infraorbital nerve. An osteotomy is then made along the anterior surface of the
maxillary antrum extending from the anterior nasal spine to the maxillary tuberosity
using a reciprocating saw. A curved osteotome is used to perform a pterygomaxillo-
tomy. Rowe’s forceps are used to downfracture the maxilla. The appropriate device

Figure 36 A. Postoperative view following combined distraction of the maxilla and the
mandible utilizing a single device: significant improvement in the facial symmetry is noted. B.

Postoperative view demonstrates maxillary and mandibular midlines on the midsagittal line
following combined distraction.

Congenital Craniofacial Anomalies 441



Figure 37 A. Preoperative profile view of a three-dimensional CT scan of a child with
Apert’s syndrome demonstrates significant maxillary hypoplasia. This child had already
undergone frontal orbital bar advancement. B. Three months postoperative profile three-

dimensional CT scan demonstrates perfect alignment of the maxilla and the mandible after a
LeFort III advancement utilizing a distraction device.
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is used to fix the Le Fort I segment and distraction is commenced on day 5 at a rate
of 1mm=day. After reaching the appropriate position, the regenerate is allowed to
ossify for 6 weeks. The device is then taken out (Figs. 32–34).

Complications. The process of distraction is relatively safe for surgeons per-
forming large-volume surgery and who are familiar with the devices. It is possible
to have continuing malocclusion and misalignment of the device. The device may
disengage at the site of contact with the maxilla. If the device is taken out too early,
maxillary relapse is possible. If, however, the regenerate is completely ossified, long-
term studies have demonstrated that there is no relapse. This is the greatest advan-
tage to the process of distraction.

Figure 38 A. Preoperative view of a neonate with significant mandibular hypoplasia and
significant obstructive sleep apnea 5 days following birth. B. Preoperative three-dimensional

CT scan demonstrates significant hypoplasia of the horizontal ramus of the mandible with a
normal height of the vertical ramus.

Figure 39 A. Two month postoperative profile view of the child in Figure 38 after

undergoing neonatal mandibular distraction at day 5. Note the significant improvement in the
position of the chin. B. Postoperative three-dimensional CT scan profile view demonstrates
significant improvement in the length of the horizontal ramus of the mandible following
distraction.

Congenital Craniofacial Anomalies 443



Combined distraction of maxilla and mandible can be performed to obviate the
difficulties faced by correcting the malocclusion secondary to movement of the
mandible alone (49) (Figs. 35,36).

Le Fort III Osteotomy and Distraction

The distraction device most commonly used by craniofacial surgeons is placed
through a bicoronal incision over the temporoparietal skull dorsally and the zygoma
(inferior to the frontozygomatic suture) ventrally. The initial device was completely
metallic including the fixation elements on the skull and the zygoma. Recently, with
the great success enjoyed by the absorbable plates, the metallic distraction screw is
incorporated with the absorbable plates so that removal of the device is very easy.

The subcranial osteotomy is performed following exposure of the temporopar-
ietal skull, lateral orbital wall, nasion, zygomatic arch, and the body. The anterior
surface of the maxillary antrum can be approached through the gingivobuccal sulcus.
Osteotomies are then made through the frontozygomatic suture, floor of the orbit,
and the nasion using a reciprocating saw. A cephalo-osteotome is used to separate
the vomer and the ethmoid from the cranial base in the midline. The pterygomaxillary
suture is separated either from the bicoronal approach or the gingivobuccal sulcus
incision. Once again, Rowe’s forceps are used to disimpact the Le Fort III segment.
The devices are applied and the procedure completed (Fig. 37).

Distraction has been successful for treatment of obstructive sleep apnea allow-
ing decannulation in most cases. Over the past few years, the author has used man-
dibular distraction in neonates with mandibular hypoplasia and airway obstruction.
This involves performing a mandibular osteotomy a few days following birth in
children with severe airway obstruction at birth. Following bilateral osteotomy, an
internal distraction device is fixed to the mandible at the angles. The child is left intu-
bated, transferred to the intensive care unit, and distraction is performed at a rapid
rate (2mm=day) until an appropriate maxillary and mandibular occlusion is
achieved. The technique is successful in avoiding a tracheotomy and its associated
complications (46) (Figs. 38,39).

The second advantage has been to use the technique of distraction for cranio-
synostosis (50). The technique involves performing a cranial suturectomy through a
bicoronal incision. A distraction device is applied to the suture and the process of
distraction is continued postoperatively until the desired position is reached.
Although the technique is promising, it has several drawbacks. The need for distrac-
tion is questionable when a desired position can be reached intraoperatively with
minimal additional morbidity. Also, distraction prevents the ability of the surgeon
to modify the shape of the bone, which is crucial to obtain an appropriate shape
of the calvarium.
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INTRODUCTION

Over the past few decades, surgeons have come to appreciate the severe social and
functional impacts of facial paralysis. As a consequence, various surgical techniques
have been devised to preserve or restore facial nerve function whenever possible. In
terms of function, facial paralysis interferes with facial movement and eye closure. It
also contributes to difficulty with chewing, speech, and swallowing. Facial paralysis
can also be psychologically and emotionally devastating. Proper prevention and
management of facial paralysis require a thorough understanding of facial nerve
anatomy, physiology, as well as available medical and surgical treatment modalities.
A full understanding of all considerations relating to the facial nerve is not easy. The
long course of facial nerve places it in the surgical fields of surgeons from a variety of
disciplines, including: head and neck surgery; neurosurgery; otology and neurotol-
ogy; skull base surgery; facial cosmetic and reconstructive surgery; craniofacial, max-
illofacial, and oral surgery. This chapter reviews, from a surgeon’s perspective,
the various anatomical, physiological, surgical, and reconstructive considerations
pertaining to the facial nerve.

MACROANATOMY

The facial nerve is the seventh cranial nerve. Its intracranial segment originates
within the pons and exits between the olive and inferior cerebellar peduncle. It then
traverses the cerebellopontine angle medial and anterior to the vestibuloacoustic
nerve. The intracranial segment measures 15–17mm in length and terminates at
the porus of the internal auditory canal (IAC) of the temporal bone.
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The meatal segment of the facial nerve traverses the IAC where it eventually
occupies the anterior–superior quadrant of the canal. At the lateral end of the
IAC, the nerve starts its labyrinthine segment after entering the meatal foramen
superior to the crista transversalis and anterior to the crista verticalis (Bill’s bar).
The crista transversalis separates the facial and cochlear nerves while the crista verti-
calis separates the facial and superior vestibular nerves (1–3).

The labyrinthine segment contains the narrowest aspect of the bony course of
the facial nerve. This segment runs 2.5–6.0mm in length. The cochlea lies anteroin-
ferior to the nerve at this point. Of note is that the nerve is most vulnerable to injury
in this area. Injury can be secondary to trauma (e.g., fracture, middle fossa surgery)
or edema (e.g., viral infections, ischemia). Two factors contribute to the vulnerability
of the nerve in this area. The first is that the blood supply of this portion is variable
in this watershed area for the carotid and vertebrobasilar arterial systems. The
second is that, within the labyrinthine segment, the nerve is closely surrounded by
a narrow bony canal. As a consequence, edema of the nerve easily leads to its impin-
gement and strangulation.

After leaving the labyrinthine segment, the nerve starts its tympanic portion.
This portion starts at the geniculate ganglion and runs for approximately 11mm.
At the level of the ganglion, the nerve gives off the greater superficial petrosal nerve
(GSP) and then makes a 40–80 degree turn (the external or first genu) and courses
posteriorly and slightly inferiorly above the cochleariform process and the oval win-
dow. This segment has frequent dehiscences that make the nerve susceptible to
injury during middle ear surgery (4). The nerve then turns at a severe angle of
110–120 degrees into the second (pyramidal) genu, before it turns inferiorly into
the mastoid (vertical) segment. Here the motor stapedius nerve branches off to
innervate the stapedius muscle.

The mastoid or vertical segment measures about 13mm and ends as the
nerve exits from the stylomastoid foramen when it becomes the extratemporal
segment. Prior to exiting the temporal bone, the facial nerve gives off the
chorda tympani branch that travels retrogradely and curves anteriorly into the
middle ear.

Some 15–20mm distal to the stylomastoid foramen, the facial nerve enters the
parotid gland. Here it divides at the pes anserinus into its two main temporofacial
and cervicofacial divisions. The nerve then divides into its five main branches: tem-
poral, zygomatic, buccal, mandibular, and cervical. The branching pattern of the
facial nerve is variable. There is a vast anastomotic network between the branches
of the facial nerve. The zygomatic and buccal branches contain the most comprehen-
sive of these systems. The mandibular branch has the least amount of interconnec-
tions. This pattern of anastomoses accounts for the rare appearance of a midface
deficit after a distal nerve injury (1). The anastomotic network also helps to explain
synkinesis. Following injury to the nerve, regenerating nerve fibers have access not
only to their originally innervated structures but also to other areas through the ana-
stomotic network. As one would expect, synkinesis is most pronounced in the area
where this network is most extensive (1).

Of the five branches, the buccal branch is perhaps the most vital. This branch
innervates more emotionally important muscles of facial expression than any
other, including the zygomaticus major, zygomaticus minor, risorius, levator anguli
oris, and buccinator. As expected, when paralyzed, loss of the buccal branch
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produces a profound cosmetic deficit with a loss of the ability to smile and col-
lapse of the oral commissure.

The facial nerve contains 10,000 fibers and 7000 are myelinated motor fibers.
Most of the motor fibers travel to the extratemporal portion of the facial nerve
and innervate the muscles of facial expression. The remaining 3000 fibers branch
off prior to the stylomastoid foramen and provide autonomic and special sensory
innervation to the salivary and lacrimal glands and the lingual taste buds (GSP
and chorda tympani nerves) (1). They also provide sensory fibers to the posterior
aspect of the external auditory canal.

MICROANATOMY

The cross-sectional anatomy of the facial nerve is shown in Figure 1. Facial nerve
axons are surrounded by a layer of Schwann’s cells forming the myelin sheath.
The myelin sheath is in turn surrounded by endoneurium. Multiple axons aggregate
into fascicles. Fascicles are also encased within a connective tissue layer, the peri-
neurium, which is a strong, thin layer of neural connective tissue resembling epithe-
lium. The epineurium encases the fascicles to form the definitive nerve sheath. The
layout and multiple layers of the nerve sheath are not uniform in the different seg-
ments of the nerve. For example, the perineurium in the meatal segment is very thin
if even present. This renders this segment of nerve particularly susceptible to iatro-
genic injury. The fascicular arrangement of the nerve is also variable. The intracra-
nial segment is monofascicular while the distal mastoid segment is multifascicular. In
addition, in the latter segment, the fascicles are arranged in a topographical pattern
with each fascicle segregating the motor fibers that are destined for each of the distal
branches of the nerve (1).

PATHOPHYSIOLOGY OF INJURY TO THE FACIAL NERVE

Physical injury to the facial nerve can result from a variety of causes: temporal bone
and skull fractures and iatrogenic or intentional surgical injury. Acoustic neuroma
and parotid surgery often require dissection of the facial nerve and can result in
facial nerve paresis or paralysis.

Figure 1 Cross-sectional anatomy of the facial nerve.
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Classification

In 1953 Sunderland created a detailed classification system of the degrees of nerve
injuries summarized here (5):

1. First degree (neuropraxia): Electrical conduction is blocked but axoplasmic
flow continues bidirectionally. In neuropraxia, the distal aspect of the nerve
retains normal electrical stimulability, but voluntary motor function is
abnormal. Usually neuropraxia is the result of a compressive lesion or mild
trauma to the nerve during surgery. Following neuropraxia, nerve function
usually returns to normal after the offending compression or injury
subsides.

2. Second-degree (axonotmesis): Axonal continuity is lost and wallerian
degeneration sets in distally. In this type of injury, the proximal myelin
sheath remains intact and the endoneurial sheaths are preserved. The
prognosis following axonotmesis is good because of the preservation of the
endoneurium, which helps channel the growing axons to the distal facial
muscles.

3. Third degree: The endoneurial tube is disrupted.
4. Fourth degree: The endoneurium and perineurium are disrupted and the

fascicles are no longer segregated.
5. Fifth degree: The endoneurium, perineurium, and epineurium are

disrupted.

In third-, fourth-, and fifth-degree injury, the endoneurium and axons are dis-
rupted. Neurotmesis is the term used to describe these more severe degrees of injury.
Wallerian degeneration and a loss of endoneurial structure characterize these lesions.
This form of injury has variable and sometimes unpredictable outcomes. When var-
ious elements of the nerve sheath are severed, the regenerating nerve fibers can be
rerouted randomly to the distal branches of the facial nerve. This faulty rerouting
results in the phenomena known as mass movement and synkinesis.

Electrodiagnosis

Multiple electrodiagnostic tests have been devised to help surgeons decide on the
advisablity and timing of surgery for the rehabilitation of facial paralysis. These tests
are useful in situations where the outcome of a facial paralysis is not readily predict-
able. As an example, let us consider the case of patients who undergo surgery for an
acoustic neuroma or parotid tumor and in whom the facial nerve is anatomically pre-
served at surgery. If such patients develop a complete postoperative facial paralysis,
the surgeon must try to predict whether the postoperative paralysis is temporary or
permanent. In this clinical setting, electrodiagnostic tests may be of help. These tests
study the degree of denervation of facial muscles or injury to the facial nerve itself to
help prognosticate the final outcome of facial paralysis. Despite their usefulness,
these tests are not dependable enough to serve as the sole basis of a treatment plan.
Four tests will be considered in this chapter: the minimal nerve excitability test, the
maximal nerve excitability test, electromyography, and electroneuronography.

The minimal nerve excitability test is performed by placing an electrode on the
angle of the mandible or stylomastoid foramen and another over the face on the skin

452 Feghali et al.



overlying the various distal branches of the facial nerve. All facial nerve branches are
stimulated using this technique. The current subsequently delivered is increased gradu-
ally until a visible muscle contraction is noted. The same procedure is then repeated on
the normal side and the thresholds that elicit stimulation are compared (6,7).

The maximal nerve excitability test became more popular due to controversy
surrounding the validity of the minimal nerve excitability test. The method is similar
to that of the minimal excitability test; however, individual branches are stimulated
with a stimulus intensity that generates the largest response. The strength of the
facial contractions is then compared to the normal opposite side. The results are clas-
sified in three categories: minimally diminished (50% normal), markedly diminished
(<25% normal), and absent (no response on the paralyzed side) (1). Studies have
shown that patients with a markedly diminished or absent response within the first
2 weeks of paralysis had an 86% rate of incomplete recovery. In addition, absent
response inside 10 days was correlated with incomplete recovery. In comparison,
symmetrical responses within the same time period were associated with excellent
recovery in more than 90% of patients (8).

Electromyographic recordings are obtained with needle electrodes placed into
the facial muscle. Fibrillation potentials can usually be recorded 10–21 days after
severe injury or transection of the nerve (Fig. 2). Fibrillation potentials are due to
spontaneous muscle firing after muscle denervation has begun. These potentials will
appear only if wallerian degeneration has occurred. Electromyography can also
detect evidence of nerve regeneration. Regeneration potentials are polyphasic poten-
tials seen when the muscle has been reinnervated (1,2,9,10).

Electroneuronography uses a supramaximal threshold stimulus to the main
trunk of the facial nerve while recording the compound muscle action potential
(CMAP) from the distal muscles (e.g., nasalis muscle). This test records the responses
obtained from the affected side and compares them to those from the normal side.
The response latency is the time difference between the onset of the stimulus and that
of the CMAP and is an indicator of residual facial nerve function (11). Electroneur-
onography is commonly used in the evaluation of Bell’s palsy, but could also be
utilized in the early stages of posttraumatic facial paralysis (e.g., temporal bone
fractures) (12,13).

Figure 2 Fibrillation potentials of the facial nerve typical of severe injury.
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EXAMINATION OF THE PARALYZED FACE

The assessment of facial function requires experience and an understanding of the
natural progression and appearance of the face in patients with facial weakness or
paralysis. In the case of immediate postoperative facial paralysis, it is important
to be aware that even a complete transection of the facial nerve does not always
result in a strikingly asymmetrical face on the same day of injury. The tone of the
facial muscles may persist for a few days after the onset of paralysis and can give
a symmetrical appearance to the face at rest. Moreover, when the patient blinks,
the relaxation of the levator palpebrae muscle (innervated by the oculomotor nerve)
may allow the eyelid on the paralyzed side to drift down in synchrony with the eyelid
on the normal side. An examination of facial motion therefore requires an examina-
tion of the face at rest and during voluntary movement. With the patient at rest, the
examiner watches for symmetry of the face including symmetry of the nasolabial fold
and forehead lines. The nasolabial fold tends to flatten with facial paralysis, but the
onset of this finding may be delayed several days. Observation of the face during
blinking is also usually revealing. A lid lag is typically noted and is usually the most
sensitive indicator of facial nerve dysfunction and the last finding to normalize in the
final stages of recovery (Fig. 3). Lid lag becomes more pronounced a few days after
the onset of paralysis when the lower lid starts to lose its natural tone, thus widening
the aperture of the eye. The face is then examined during active motion. The patient
is asked to move various areas of the face. When the patient is asked to close the
eyes, specific instructions should be given to close the eyes tightly since many
patients tend to close the eyes without squeezing. As noted above, patients with total
paralysis can close the eyelids while the facial motor function is completely paral-
yzed. If the facial paresis is severe or if there is complete paralysis, it is sometimes
difficult to determine whether the weak side is moving actively or whether the move-
ment is secondary to the good side dragging the soft tissues of the weak side across
the midline. In this situation, the examiner should apply pressure with the finger at
the midline prior to asking the patient to move the face. In typical cases, pressure has
to be applied over the forehead, the root of the nose, the midline of the upper lip, and
the midline of the lower lip during the examination. In cases of severe paresis, a slight
twitch may be the only sign of residual or regained function. In fact, regained func-
tion can be as subtle as the regaining of the definition of the nasolabial fold or a
stronger facial tone at rest.

All these signs are subtle but consistent. Experience can teach the examiner the
nuances of progressive facial weakness or recuperation, but it remains difficult to
classify or describe, in a consistent fashion, the appearance of the face whether its
function is normal or weakened. Yet, such a classification is important in standardiz-
ing the description and reporting facial nerve function and surgical results. The
House-Brackmann classification of facial function is the most widely accepted
method of describing facial function in its normal and abnormal states. The various
grades of this classification are as follows:

1. House-Brackmann grade I
Normal facial function in all areas.

2. House-Brackmann grade II
Gross: slight weakness with possible synkinesis
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Rest: normal symmetry and tone
Motion

Forehead: moderate to good function
Eye: complete closure
Mouth: slight asymmetry

3. House-Brackmann grade III
Gross: obvious difference between sides; Noticeable but not severe synkinesis;
contractures with or without hemifacial spasm
Rest: normal symmetry and tone
Motion

Forehead: slight-to-moderate movement
Eye: complete closure with effort
Mouth: slightly weak with effort

4. House-Brackmann grade IV
Gross: obvious weakness with or without disfiguring asymmetry

Figure 3 Note lagophthalmos demonstrated as patient attempts to close the eyes: recovering
complete facial paralysis on left side.

Facial Nerve Paralysis 455



Rest: normal symmetry and tone
Motion

Forehead: none
Eye: incomplete closure
Mouth: asymmetrical with maximal effort

5. House-Brackmann grade V
Gross: faint motion
Rest: asymmetry
Motion

Forehead: none
Eye: incomplete closure
Mouth: slight movement

6. House-Brackmann grade VI
Complete paralysis (14)

TREATMENT OF FACIAL PARALYSIS

Treatment of facial paralysis must be individualized. Two major considerations have
to be addressed in all cases. The first is a functional consideration and relates mostly
to the care of the eye on the side of the paralysis. The second consideration is a cos-
metic one and relates to the appearance of the face at rest and during motion. Addi-
tional considerations relate to speech and swallowing associated with facial paralysis
and other associated nerve involvement (e.g., following major head and neck tumor
resection).

The care of the eye is of utmost importance in patients with facial paralysis.
Corneal exposure and dryness can lead to severe complications including the loss
of the eye to enucleation in the most severe conditions. Eye complications are more
severe in patients who exhibit a poor Bell’s phenomenon resulting in corneal expo-
sure: an upward movement of the eye when the patient closes the eyelids. On the side
of the paralysis, this upward movement allows the cornea to be covered and pro-
tected by the upper eyelid. Eye complications are also more severe in patients who
have an associated fifth nerve compromise with corneal anesthesia. They should
be followed more closely and treated more aggressively because they cannot rely
on the early symptom of pain or discomfort as an indication of impending corneal
damage. In the early stages of facial paralysis, the treatment of the eye is based on
generous lubrication with the use of artificial tears and protective ointments. Many
physicians suggest the use of eye drops during the day and ointment at night. In
some patients with severe exposure of the eye, it is advisable to use lubricating oint-
ment during the day and night, even though the use of ointment blurs the patient’s
vision. The importance of eye care cannot be overstressed; at the earliest sign of
discomfort, hyperemia, or conjunctival injection, an ophthalmological consultation
is required. Subsequent care of the eye should be individualized according to the
prognosis and expected recovery of the facial paralysis. In patients with severe cor-
neal exposure, temporary procedures that protect the may still be necessary even
though the prognosis for recovery of the face may be good. Such temporary proce-
dures include the placement of a gold implant for the upper lid or a tightening suture
for the lower lid (Frost stitch; Figs. 4,5). Such procedures can also be used prior to
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definitive eyelid surgery in cases of severe exposure keratopathy and significant
paralytic ectropion.

Nonsurgical Treatment

Although early intervention is necessary and advisable in some cases, a more con-
servative approach is preferred when recovery, albeit incomplete, is expected. Con-
sider the example of a patient who has a total facial paralysis following a
superficial parotidectomy. If the facial nerve was anatomically preserved during
surgery, management should focus on the care of the eye. The prognosis for recov-
ery is usually excellent, especially if the nerve responded well to low-current stimu-
lation at the end of the surgical procedure. The timing of recovery depends on the
mechanism and degree of injury. Nerve stretching can cause degrees of injury
varying from neuropraxia to neurotmesis. The prognosis in each case is obviously
different. Another factor that should be considered is the timing of the onset of
paralysis (i.e., immediate or delayed). Even the faintest active movement of the
face after surgery is a good prognostic sign. Therefore, it is extremely important
to check facial function immediately after the patient recovers from anesthesia.

Figure 4 Severe conjunctivitis and corneal exposure in patient’s left eye.
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Any residual function postoperatively is typically associated with a good prog-
nosis. However, if the face does not improve over time the surgeon is faced with
the possible need for a surgical reanimation procedure.

For patients who require surgery for facial paralysis, several considerations
arise: timing of the surgery, interim treatments, and choice of the appropriate surgi-
cal procedure best tailored to the individual patient’s needs. Timing considerations
are crucial but highly variable. For instance, most patients who have a facial paraly-
sis following acoustic neuroma surgery, and in whom the facial nerve was anatomi-
cally preserved, should wait for up to 1 year or longer before surgery (except that
directed at temporary protection of the eye). Conversely, in patients who had the
facial nerve resected as part of the treatment of a cancer do not have to wait as long
and may benefit from a procedure performed during or very soon after their initial
surgery (e.g., nerve graft). A patient with temporal bone trauma and obvious
evidence of bony impingement or transection of the nerve should likewise also have
surgery (decompression) as soon as his or her condition allows (15).

Figure 5 Prior to lower lid tightening procedure, a Frost stitch is placed as an office
procedure to protect the eye.
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In all cases, interim treatments are necessary to ensure that the patient’s eye
function is preserved. In severe cases, surgery for the sole protection of the eye
may be necessary. Other treatments, including speech and swallowing therapy, are
helpful to assist the patient in coping with a newly acquired facial dysfunction. They
also need increased dental care and hygiene especially on the side of the paralysis
where dental and gum diseases are more common. Many patients with facial paraly-
sis ask about the usefulness of facial massages and electric stimulation. The useful-
ness of these modalities is not established. There is some evidence that supramaximal
electrical stimulation of the facial muscles may actually be deleterious.

Surgical Treatment

The choice of a surgical procedure for the rehabilitation or reanimation of the
paralyzed face depends on several factors, including the health status and
expected survival of the patient (especially in patients with aggressive malignan-
cies). Other factors include the viability of the proximal portion of the paralyzed
facial nerve, its distal portion, the status of the paralyzed facial muscles, and the
status of other cranial nerves, especially the hypoglossal nerves. The importance
of each of these factors depends on the procedure being considered. Most sur-
geons agree that it is preferable to initiate treatment before 1 year of the onset
of paralysis (16). This requirement is somewhat arbitrary because, theoretically,
the facial musculature will remain viable and maintain excitability for 18 months
or longer postdenervation.

The goals for facial reanimation surgery are achieving movement of all facial
muscles, regaining control of specific voluntary and involuntary muscle movements,
symmetry in motion and at rest, absence of mass movement and synkinesis, and
avoiding the creation of additional sensory or motor deficits. The methods of facial
reanimation are broadly classified into four types: neural methods, musculofascial
transpositions, facial plastic procedures, and prosthetics. Unfortunately, all goals
of facial reanimation are not always achievable with the techniques available. Signif-
icant improvement can sometimes be obtained by combining several techniques.
Depending on the individual presentation, the surgeon and patient must set realistic
goals prior to embarking on any particular course of action.

Surgical Procedures

Neurorrhaphy

A prerequisite for successful neurorrhaphy is the presence of a viable proximal nerve
and muscle target. A few days after significant injury to the facial nerve, the distal seg-
ment of the nerve cannot be stimulated due to distal axonal degeneration. This axonal
degeneration is expected and is not a deterrent to repairing the nerve. However, the
inability to stimulate the distal nerve may impede the surgeon’s ability to find the dis-
tal nerve stump and determine its distribution to the mimetic muscles. The timing of
facial nerve repair has been the subject of controversy for many years. Our current
philosophy is that the facial nerve should be repaired as soon as feasible. Over time,
the facial musculature may atrophy and become less stimulable. However, this time
frame is relatively long, in the case of the facial nerve: 18 months–12 years.
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Neurorrhaphy is the direct suturing of a severed nerve. It is the most basic form
of neural repair (17). When performing a neurorrhaphy, one should be aware of the
deleterious effects of physical tension at the suture line. During repair, surgeons
often find that the length of the remaining nerve is not adequate, due to injury,
tumor resection, or during preparation of the nerve for suturing. Excessive tension
at the anastomosis will result in failure due to the growth of scar tissue at the ana-
stomosis site (20). Rerouting the facial nerve can minimize tension. Up to 1 cm
of length may be gained by rerouting the nerve in the mastoid–meatal segment.
Minimizing tension can also be achieved by interposing a nerve graft.

Unlike many other nerves, the facial nerve presents a specific challenge based
on the layout and orientation of the nerve fibers within its trunk. The facial nerve
fibers are segregated into fascicles that selectively innervate different groups of facial
muscles. This segregation of fibers is referred to as the topographical distribution of
the facial nerve fibers (18,19) and can start very proximally in the nerve. Faulty
rerouting of the nerve fibers results in synkinesis. In the hope of achieving more pre-
cise routing of facial nerve fibers and less synkinesis, some authors have advocated
intrafascicular repair of the facial nerve. The results of intrafascicular repair have not
proved to be superior to those of traditional epineural neurorrhaphy. One reason
may be that, in general, epineural neurorrhaphy causes less trauma to the nerve.
It remains our preferred method of neural repair.

Interpositional Grafting

An interposition nerve graft is indicated when the length of the gap between the dis-
tal and proximal nerve stumps is greater than the additional length that can be
gained by mobilization. It is generally accepted that the use of an autologous graft
is superior to end-to-end repair of a nerve under tension (21, 22). The greater auri-
cular nerve is the most commonly used nerve for grafting proximal to the pes anser-
inus. It is harvested from the ipsilateral side of the injured facial nerve. In cases of
suspected malignancy, the contralateral nerve may be utilized. The greater auricular
nerve traverses the anterior aspect of the sternocleidomastoid in an anterior–superior
fashion towards the auricle and the angle of the mandible. The nerve is easily found
by drawing a line between the mastoid tip and the angle of the mandible. The course
of the nerve usually bisects this distance and is perpendicular to the line. Between 5
and 10 cm of nerve can be harvested and consists of two or three fascicles (3).

The sural nerve is also commonly used as an interpositional graft for the facial
nerve, especially distal to the pes anserinus where the facial nerve branches. The sural
nerve provides cutaneous innervation to the side and back of the distal one-third of
the leg, ankle, and heel. It lies 1–2 cm lateral to the saphenous vein, medial and pos-
terior to the lateral malleolus of the ankle (3). It is an excellent choice when multiple
grafts are needed as well as when long grafts are used such as in cross-facial grafting.
More than 35 cm may be harvested with little residual deficit.

Once the donor nerve has been harvested, it must be treated with extreme care.
The graft should be longer than the defect: excess length is desirable to minimize ten-
sion and allow for a normal amount of contracture. It should be placed in normal
saline while awaiting site preparation. The use of a surgical microscope is recom-
mended for accurate placement of the sutures. The least number of sutures that pro-
vide adequate alignment is usually employed.
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As alternatives to nerve interposition, other interpositional materials have been
utilized such as gold foil, collagen tubes, and freeze-thawed muscle (1). More recent
reports suggest that the use of neurotrophic factors may become commonplace in the
future (23–31). Although these efforts are promising and likely to be included in the
surgeon’s armamentarium in the future, there are, at present, no established clinical
applications for them.

Crossover Techniques

In crossover procedures, the distal branch of the paralyzed facial nerve is anasto-
mosed with a donor nerve other than the ipsilateral facial nerve itself. The most com-
monly used donor nerve is the ipsilateral hypoglossal nerve. Another nerve that can
be used is the ipsilateral spinal accessory nerve. A special mention is given to cross-
face grafting in which the source nerves is the distal branches of the contralateral
(normal) facial nerve. In this operation, the contralateral distal facial fibers are con-
nected to the corresponding facial fibers on the paralyzed side with the use of an
interposition graft, usually the sural nerve.

Nerve crossover operations are usually considered when a simple neurorrhaphy
or a neurorrhaphy with an interposition nerve is not feasible. These circumstances
typically arise when the proximal portion of the nerve has been damaged or resected
(e.g., large acoustic neuroma).

Hypoglossal-Facial Crossover Procedure (XII-VII Crossover)

For this procedure to be successful, it is important to ascertain that the proximal
donor nerve (hypoglossal) and the distal facial nerve function properly. It is also
essential to establish that the facial musculature is viable and able to accept reinner-
vation. Electrophysiological testing is helpful in establishing the suitability of these
muscles for reinnervation.

The classic procedure is performed through a modified parotid incision
extending under the lobule of the ear to approximately 4 cm below the body of
the mandible. Flaps are raised and the anterior border of the sternocleidomastoid
and posterior belly of the digastric muscles are identified (Fig. 6). The facial nerve
is identified by any one of several well-described techniques and dissected into the
parotid to the level of the temporofacial and cervicofacial bifurcation. This dissec-
tion is continued retrogradely to the stylomastoid foramen and the nerve is cut.
The hypoglossal nerve is then dissected under the posterior belly of the digastric
muscle. Once found, the nerve is dissected anteriorly and transected as distally as
possible. This free end is then folded back over the digastric and anastomosed to
the cut end of the facial nerve. The anastomosis is performed in the same manner
as a simple neurorrhaphy. The anastomotic site is covered with soft tissue and the
wound is closed over a drain (32).

The hypoglossal crossover procedure was first popularized by Baker and
Conley and became one of most dependable ways to rehabilitate the paralyzed face.
According to Baker and Conley, the procedure has eight distinct advantages: it is
uncomplicated requiring only one suture line; it is easier to obtain a good functional
result because most facial movements are associated with voluntary and involuntary
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tongue movements; there is better symmetry and more rapid facial movement is
gained; there is minimal discomfort from the loss of the ipsilateral twelfth nerve;
there is only a mild functional deficit from the loss of the 12th nerve; facial
movement is more natural with phonation; an enhanced dynamic functional result
is obtained; on a central level, there is a close relationship between the motor region
of the cortex of the hypoglossal and facial nerves (33).

At least 90% of patients who are operated within 18 months of the onset of
their paralysis have improved facial movement (33–37). The best result is
obtained when surgery is performed as close as possible to the time of the insult.
The early signs of improvement usually begin within 3–6 months, with continuing
improvement in facial tone and movement for the following 18–24 months.
Because of the very nature of the XII–VII crossover procedure, a successful result
is achieved when the patient develops good facial tone at rest and is able to pro-
duce voluntary movement of the face. But even with a so-called successful result,
spontaneous and emotive movements are usually not achieved since the face does
not move passively or in synchrony with the nonparalyzed side. Patients should

Figure 6 Anatomical relationship of the facial nerve, hypoglossal nerve, and posterior belly
of the digastric muscle.
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be counseled preoperatively as to the expectations and chances of success and
failure of the procedure. Although 90% of patients have postoperative improve-
ment, it is estimated that only 40% achieve what might be termed an excellent
result (1,33,34,36,37).

Recent modifications to the classic XII–VII procedure promise improvement in
two common problems or complications of the procedure: tongue atrophy and
hypertonia of the face. The modification requires splitting the hypoglossal nerve
(thus the term hemihypoglossal) and keeping half of its circumference in continuity.
This modification usually allows patients to keep some nerve function to the ipsilat-
eral tongue. The upper half of the nerve is then anastomosed to the trunk of the
facial nerve using an interposition graft. The use of the graft is reportedly necessary
to avoid tension on the stump of the upper half of the hypoglossal nerve (38,39). In
our experience, however, a hemihypoglossal facial crossover is easily achieved with-
out an interposition graft if the hypoglossal nerve is exposed high in the neck and
closer to the base of the skull, aided by division of the posterior belly of the digastric
muscle (Figs. 7,8). As with any procedure, the use of XII–VII crossover procedures is

Figure 7 Digastric muscle is divided to facilitate exposure of the proximal hypoglossal

nerve.
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not highly recommended in patients with multiple cranial nerve deficits on the same
or contralateral side of the facial paralysis.

As an alternative to the XII–VII crossover procedure, some surgeons favor the
use of the spinal accessory to facial nerve (XI–VII) crossover technique. The theory
and technique of this procedure are similar to those of the XII–VII procedure. The
disadvantages of the XI–VII crossover technique are similar to those seen after a
radical neck dissection: shoulder drop and shoulder pain.

Cross-Facial Grafting

The cross-facial technique uses interposition nerve grafts tunneled across the face to
connect facial nerve branches on the nonparalyzed side to the facial nerve branches on
the paralyzed side. The rationale for the use of this technique is the theoretical possi-
bility of symmetrical facial movement. Symmetrical and synchronous movement of
the face is essential in providing a normal appearance to the face at rest and during
nonvoluntary movement. A significant component of one’s overall appearance is
due to a specific involuntary distribution and intensity of facial muscular tone that
reflects one’s emotional state. A relaxed appearance and a faint smile are not usually

Figure 8 Hemihypoglossal facial crossover.
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noticed by the subject but are readily apparent to the observer. These emotional and
involuntary movements cannot be duplicated by the XII–VII or XI–VII crossover
procedures.

The idea that one can coordinate movement with the opposite face is very
appealing. In 1970, Scaramella described the use of the contralateral facial nerve
branches to reanimate the face (40). Fisch also reported on the use of this procedure
and demonstrated that 50% of the very distal facial nerve fibers can be sacrificed
with no apparent deficit on the donor (nonparalyzed) side, especially in the distribu-
tion of the buccal and zygomatic branches (41). The popularity of this procedure has
waned due to concern about damaging a normally functioning facial nerve and,
more importantly, because of suboptimal results. The distal branches on the normal
side (donor nerves) do not have enough power to move the paralyzed side effectively.
In other words, facial movement that results from a cross-facial graft is generally
much weaker than the movement generated by a XII–VII crossover operation
(42). Although 50% of patients undergoing a cross-facial operation experienced ade-
quate symmetry at rest, only 10% regained satisfactory (strong) voluntary facial
movement (43).

There have been recent attempts to combine various procedures to achieve
more natural-appearing results. Feghali and Strauch (personal communication) have
had a limited but favorable experience with a multiple-stage procedure aimed at
combining the advantages of the cross-facial and the XII–VII crossover operations
while minimizing the disadvantages inherent in these two operations. The main
advantage of the cross-facial operation is that, when the operation is successful, both
sides of the face move simultaneously. As discussed, this synchrony is extremely
important for the mimetic function of the face. Important aspects of one’s appear-
ance are difficult to duplicate unless the movement of the reinnervated face is
connected to the innervation of the opposite, nonparalyzed, side. The main disad-
vantage of the cross-facial procedure has already been mentioned: it does not rein-
nervate the paralyzed musculature with enough power to exhibit strong voluntary
movement of the face. The main advantage of the XII–VII crossover operation is
that it provides patients with sufficient power to generate good facial tone and
voluntary movement. A disadvantage of this operation is that it seems to provide
many patients with too strong a resting tone (tonus phenomenon) and exaggerated
voluntary movement. Another is that the resultant movement lacks any synchrony
with the opposite nonparalyzed side. Many of the advantages of the two techniques
can be retained while avoiding many of the disadvantages by combining the cross-
facial with the XII–VII crossover procedure.

In the first stage of the modified hemihypoglossal–facial crossover, a hemihy-
poglossal facial nerve crossover (without an interposition graft) is performed as
described. During the same stage, cross-facial nerve grafts, obtained from the sural
nerve, are anastomosed to the donor side and tunneled across the face to the areas
of the corresponding branches on the paralyzed side (Fig. 9). During this stage, the
cross-facial grafts are tagged but not attached to their recipient facial nerve
branches on the paralyzed side. After a wait of about 6 months, the face on the
paralyzed side normally gains strength and tone owing to the relatively strong
innervation of the donor hemihypoglossal nerve. At this time, the cross-facial
grafts are anastomosed to the distal branches on the previously paralyzed side
(Fig. 10).
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After another 6 months the outcome is re-evaluated. In three of three patients
grade III=VI House-Brackmann results were achieved. All three patients had excel-
lent symmetry at rest. The synchrony and emotional involuntary movement were
present in all patients although they were somewhat weak in two. The tongue move-
ment was excellent in all three and there was no tongue atrophy at 1 year postopera-

Figure 9 Sural nerve graft tunneled under the upper lip to the opposite paralyzed side.

Figure 10 Cross-facial grafts are anastomosed to the distal branches on the previously
paralyzed side.
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tively. There was a transient partial atrophy of the tongue in one patient that
improved over the course of 6 months. One patient had a lid lag that was enhanced
with a gold implant and lower lid tightening to achieve a more natural appearance.
These three cases illustrate the usefulness of combining procedures to suit a particu-
lar patient’s needs. They also underscore the need for further developments and
refinements to achieve improved results in the future.

Neuromuscular Transfers

Neuromuscular transfer procedures utilize innervated muscles in the head and neck
that are rotated and attached to the paralyzed facial muscles, thus achieving dynamic
function along with static support of the soft tissues of the paralyzed face. Com-
monly called dynamic sling procedures, they are typically used when the muscle to
be reanimated has atrophied to such an extent that nerve crossover procedures are
no longer viable options. Occasionally, neuromuscular transfers are used to augment
nerve interposition or crossover procedures that have not attained the desired result.
Several muscles have been used in neuromuscular transfers. The temporalis and
masseter muscles are the most popular. Less popular are the anterior belly of the
digastric, mylohyoid, and sternocleidomastoid muscles.

The temporalis muscle transposition flap is the most versatile and most com-
monly used muscle for this technique. This fan-shaped muscle is innervated by the tri-
geminal nerve. For this flap to be successful, the nerve and blood supply and fascia of
the muscle must be intact (44). It can used to reanimate the eye but it is more com-
monly used to reanimate the oral commissure. The procedure begins with a vertical
temporal incision from the temporal crest inferiorly to the zygoma. The dissection
is continued lateral to the temporalis fascia exposing the central aspect of the muscle.
Once an adequate portion of the muscle has been exposed, a vertical incision is made
through the muscle to the level of the zygoma and the muscle is elevated with the peri-
osteum intact. The recipient site is then prepared with an incision in the nasolabial
fold and the orbicularis oris is exposed. If this muscle is atrophic, the submucosa
of the lip is isolated. A tunnel is then created between the temporal fossa and the naso-
labial incision coursing just superficial to the body of the zygoma. The distal aspect of
the flap is split and folded over the arch of the zygoma through the tunnel to the naso-
labial incision. Here it is secured to the muscle or submucosa at the oral commissure.
If the muscle does not reach its intended destination it may require extension to attain
adequate length. This extension can be achieved by interposing a strip of fascia lata
(45). The muscle and its fascial extension will tend to pull the corner of the mouth
superiorly and posteriorly. The surgeon should pull on the corner of the mouth in
the direction of the muscle and overcorrect the droop at the corner of the mouth dur-
ing attachment. In fact, the overcorrection can result in a relatively grotesque appear-
ance at the end of the procedure, but with time this overcorrection will give way to a
more naturally appearing facial contour. The folding of the muscle results in a bulge
in the area of the zygomatic arch and a donor site defect more superiorly. Some
surgeons advocate fracture or resection of the zygomatic arch (1,45,46).

May and Drucker reported their results with temporal muscle rotation flaps in
219 patients. They achieved an 80% restoration of a smile and overall improvement
in mouth function in 96% of patients. They also noted a 21% complication rate,
with the most common being infection in 12%. The same authors suggested several
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modifications of the technique. They recommended that the procedure be limited to
the reanimation of the corner of the mouth and that the central aspect of the muscle
alone be sectioned and rotated. They also suggested Gore-Tex as the material to be
used for lengthening of the temporal muscle flap instead of fascia lata. If the tem-
poral muscle rotation flap technique is used for reanimation of the corner of the
mouth alone, the surgeon can use ancillary procedures to rehabilitate the eye such
as a gold implant to the upper eyelid and tightening and elevating the lower eyelid
(see below) (47).

The masseter muscle provides the surgeon with an alternative dynamic sling
technique when the temporal muscle is not available, such as following temporal bone
resection. This flap can be performed intraorally or extraorally. The intraoral appli-
cation has the distinct advantage of avoiding an external incision, while the extraoral
approach provides better exposure and control over the procedure. The incision is
typically placed in the submandibular area with exposure of the muscle as it inserts
onto the mandible. The fascia overlying the muscle is kept attached. The anterior
two-thirds of the muscle is then used as a rotation muscle flap. The neurovascular
supply, which enters the muscle from the deep surface at the level of the condylar
notch, is kept intact. Another incision is then created at the nasolabial fold and the
masseter muscle is attached to the orbicularis oris muscle. The direction of pull of this
dynamic sling is superolaterally. An overcorrection of the asymmetry in the face is
necessary to compensate for the subsequent relaxation and sagging of the tissues.
Some surgeons believe that this technique can allow neurotization of the orbicularis
oris by the masseter muscle. To promote neurotization, the undersurface of the mass-
eter fascia must be stripped to allow axons to cross from the masseter muscle to the
orbicularis oris muscle. When compared to the temporal muscle dynamic sling, the
masseter flap has two main disadvantages. The first is that the masseter muscle is
smaller and weaker than the temporalis muscle, providing less support and anima-
tion. The second is that the vector of pull of the masseter flap is more horizontal
instead of the more favorable superolateral pull of the temporalis.

Static Techniques

Static reanimation procedures should be considered in patients whose condition or
preference does not allow them to undergo complex procedures and postoperative
rehabilitation. In general, the technique consists of using strips of fascia or synthetic
material (e.g., Gore-Tex) to support the corner of the mouth. The strip is tunneled
subcutaneously from the temporal fossa and zygomatic arch to the corner of the
mouth. It is secured to the oral commissure with nonabsorbing suture through the
modiolus. The technique is relatively simple and often combined with rhytidectomies
and brow lifts. Recently, because of donor site morbidity, many users of this techni-
que have preferred Gore-Tex to fascia lata as a suspension material (48–50).

Microneurovascular Flaps for Reanimation of the Paralyzed Face

The indications for use of microneurovascular free muscle flaps are similar to those
for dynamic muscle slings. In fact, in many centers a free flap has become the treat-
ment of choice in long-standing facial paralysis (51). In 1976, Harii was the first to
describe the application of free flaps for the treatment of facial paralysis (52). Free
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flap reanimation of the face usually requires two stages. In the first stage, a sural
nerve graft is used as a cross-facial nerve graft, the distal end lying free within the
paralyzed side. In the second stage, 6–9 months later, a free microneurovascular
muscle flap is placed in line with the nonviable zygomatic major muscle and its nerve
supply is anastomosed to the sural nerve graft. In the usual case, only the corner of
the mouth is rehabilitated using this method but it is possible to split the free muscle
flap into independently functioning units to reanimate the eye as well. More recently,
one-stage procedures have been performed with favorable results (53). Free flaps
with nerve pedicles able to reach the opposite face (e.g., latissimus or abductor hal-
lucis muscles) may be transferred to the face in one stage since the cross-facial graft is
unneeded. Presently, free flaps are typically used for the reanimation of the lower
two-thirds of the face, and are combined with simpler, yet effective, procedures such
as upper lid gold implants for rehabilitation of the eye (54).

Aviv et al. described the ideal characteristics of a free muscle that could be
used for reanimation of the face: adequate muscle surface area to allow sufficient
force of contraction, reliable neurovascular pedicle of adequate length and caliber,
segmental innervation so that one nerve supply can innervate muscle segments of
varying orientation, low donor site morbidity, and facile harvesting (57). No single
muscle is the ideal choice for all patients. Those used include the following: latissi-
mus dorsi, gracilis, pectoralis minor, rectus abdominis, serratus anterior, abductor
hallucis longis, extensor digitorum brevis, and rectus femoris (55–60). The most pop-
ular of these muscles are the gracilis and latissimus dorsi muscles because they pro-
vide enough power and excursion to drive mimetic facial movement with the least
amount of bulk (61).

Wei et al. described the one-stage transfer of the latissimus dorsi muscle flap in
86 patients with long-standing facial palsy (Figs. 11,12). A segment of the latissimus
dorsi is dissected from the distal part of the muscle so that the flap has an extended
neurovascular pedicle. This flap is then split and transferred to the site of implanta-
tion. The pedicle is passed through a tunnel in the upper lip to the functioning side of
the face. The neurovascular pedicle is anastomosed to branches of the facial nerve,
artery, and veins of the functional side of the face. In this series, a satisfactory result
was attained in 80 patients, as evaluated at 8 months to 2 years postoperatively. It is
interesting that expressive movement is seen not only in the transferred muscle but
also in the paralyzed facial muscles covered by the flap. This is postulated to be a
result of muscle-to-muscle neurotization (62).

Rehabilitation of the Paralyzed Eye

As described earlier, the care of the eye is essential in patients with facial paralysis.
In new-onset facial paralysis, the eye should be cared for with hydration, lubrica-
tion, humidity chambers, and other modalities that prevent corneal exposure and
drying. If the facial nerve is expected to recuperate quickly, this local care of the
eye is usually sufficient. However, if the eye exposure is excessive or if the face
is expected to remain paralyzed, more aggressive methods of eye protection may
be necessary. Classic tarsorrhaphy or dynamic slings may still have a role in
selected patients, but presently the use of various upper and lower eyelid proce-
dures provide patients with functional and more cosmetically pleasing results.
Two muscles mediate upper eyelid movement. The levator palpebrae muscle, which
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is innervated by the oculomotor nerve, lifts the upper eyelid. The orbicularis oculi
muscle, which is innervated by the facial nerve, mediates closure of the upper eye-
lid. When the facial nerve is paralyzed, the upper eyelid tends to remain open
because of the unopposed action of the levator palpebrae muscle. Most procedures
are intended to reanimate the upper eyelid in an attempt to compensate for the
unopposed action of the levator palpebrae muscle. The spring implant popularized
by Levine et al. consists of placing a spring that tends to close the eyelid at rest
(63–64). When the levator palpebrae contracts, the upper eyelid opens again. How-
ever, this technique is technically difficult and the spring has a high extrusion rate

Figure 11 Segmental portion of latissimus dorsi muscle with unique neurovascular pedicle.
(From Ref. (62).)

Figure 12 Free muscle transplant in situ with long neurovascular pedicle tunneled under
upper lip to opposite side. 1, muscle flap; 2, body of zygoma; 3, neurovascular pedicle; 4,

incision on the paralyzed side; 5, incision on the normal side; 6, facial artery and vein; 7,
buccal branches. (From Ref. (62).
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in the hands of surgeons who are not experienced with its use (65). The use of gold
implants is currently the more popular method used to enhance eye closure because
of its ease and efficacy. As early as 1974, Jobe reported a greater than 90% success
rate by using gold implants modified by manipulating their contour and the addi-
tion of holes to secure the implants (66). Several authors have since validated this
technique (65,67–69). Gold weights function similarly to the upper eyelid spring,
except that it is the weight of the implant (not the action of the spring) that closes
the upper eyelid when the levator palpebrae muscle relaxes.

An upper eyelid gold implant can be placed under local or general anesthe-
sia. In a sterile field, an incision is made in the crease of the upper lid. The sur-
gical plane is deep to the orbicularis muscle and superficial to the tarsus. After an
adequate pocket has been dissected, a prefabricated 0.6–1.6 g implant is secured
to the tarsal plate. The appropriate weight may be selected preoperatively by tap-
ing various sizes to the upper lid. Although a heavier weight will result in more
effective eye closure, too much weight will cause ptosis by overwhelming the
opposing action of the levator muscle. The wound is closed in two layers with
fine absorbable suture. If incomplete closure is anticipated, a mullerectomy may
be performed. Muller’s muscle originating from the levator provides tonic eleva-
tion to the lid. This muscle is adherent to the conjunctiva and can be incised
through the conjunctiva with a scalpel (65,70). As with all foreign bodies, extru-
sion of the gold implant is a concern but is rare. Superior migration is more com-
mon but does not usually necessitate removal of the implant (65). One important
advantage of upper eyelid implants is that they are reversible. Thus many sur-
geons use them readily for temporary protection of the eye in patients with tem-
porary paralysis, in whom conservative treatment of the eye is not sufficient for
protection.

In many patients with facial paralysis, a laxity in the lower eyelid contributes to
ectropion and conjunctiva and corneal exposure. Reanimation of the upper eyelid is
not sufficient to protect the eye. Therefore, lower lid tightening and elevation are
commonly combined with procedures aimed at the upper eyelid such as the gold
weight implants. One method of lower eyelid tightening is the lateral tarsal strip pro-
cedure (see Blepharoplasty chapter in this volume). In this procedure, a lateral
canthotomy is performed and the lateral segment of the lower lid is then separated
into musculocutaneous and tarsoconjunctival layers. The tarsoconjunctival layer is
abraded to promote adherence and then sutured to the periosteum of the inner orbi-
tal rim laterally to shorten and tighten the lower lid. The musculocutaneous layer is
then trimmed appropriately and closed with absorbable suture (3,65,71–73).
In addition to tightening, many surgeons favor procedures that also provide signifi-
cant elevation of the lower eyelid. This combination of tightening and elevation of
the lower eyelid is more important in patients with severe exposure keratopathy.
The lid may be raised by up to 4–5mm for improved corneal protection with the
use of a rigid spacer (e.g., conchal cartilage) placed deep to the inferior tarsus and
superficial to the capsulopalpebral fascia (65). Combining upper and lower eyelid
procedures has significantly improved the care of the eye in patients with facial
paralysis. The success of these procedures has lessened the need for more extensive
surgical procedures designed to decrease corneal exposure and has allowed the sur-
geon to focus more attention on significant functional and aesthetic defects in the
cheek and lip.
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Ancillary Procedures

The multitude of procedures aimed at reanimating the paralyzed face underscores
the fact that no one procedure achieves perfect results in all patients. Many patients
who recuperate from facial paralysis are left with various partial deficits. For exam-
ple, forehead motion rarely recovers in most patients with significant facial paralysis.
Patients with very lax or aged skin may still have a significant cosmetic deficit after
regaining muscle tone of the face. Conversely, many patients have hypertonia of the
facial muscles following XII–VII crossover procedures. For these patients with par-
tially satisfactory results, other ancillary procedures can be considered such as
rhytidectomy, blepharoplasty, and brow lifts. Patients with hypertonia may benefit
from selective Botulinum toxin injections.

CONCLUSION

This chapter reviewed some aspects of the extensive subject of facial paralysis and
reanimation. It is obvious that no combination of procedures has yet been able to
restore totally normal facial function for all patients. Yet the concepts and proce-
dures described in this chapter have increased our understanding of facial nerve
paralysis and improved our patients’ outcome. Further advances are expected in
the prevention of facial paralysis, nerve regeneration, and surgical rehabilitation.
Such advances will be welcome additions to our imperfect but ever increasing knowl-
edge of this exciting and challenging subject.
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Maxillofacial Prosthetics: Intraoral and
Extraoral Rehabilitation

Joseph R. Cain and Donald L. Mitchell
University of Oklahoma, Oklahoma City, Oklahoma, U.S.A.

INTRODUCTION

The terminology used in maxillofacial prosthetics has some variation between phy-
sicians and dentists. A brief review of the terminology used in this chapter may help
eliminate confusion.

Maxilla: Regularly shaped bone that, with its contralateral maxilla, forms the
upper jaw (1).

Maxillectomy (maxillary resection): Removal of part or all of a maxilla (1).
Total maxillectomy: Removal of both maxillae.
Total palatectomy: Removal all of the hard and soft palate.

Palate: Partition separating the nasal and oral cavities (2).
Hard palate: Bony portion of the roof of the mouth made from the two

palatine bones.
Soft palate: Movable part of palatal anatomy posterior to the hard palate.
Palatal vault: Deepest and most superior part of the palate.

Malignant disease of the head and neck often requires aggressive surgical
and or radiotherapy treatment to control the disease. These treatment modalities
may change the quality of life for the patient requiring rehabilitation. This reha-
bilitation is often a multistage, time-consuming process. It is of great importance
to the patient that he or she understand the consequences of the proposed treat-
ment for his or her malignant disease and the rehabilitation measures that can
be undertaken to minimize these consequences before the treatment process
begins.

The dental specialty of maxillofacial prosthetics is concerned with the restora-
tion and=or replacement of the stomatognathic and craniofacial structures with
prostheses that may or may not be removed on an elective basis. A patient with a
diagnosis of a head and neck malignant lesion that is going to undergo a surgical
resection, with or without radiation therapy, should be referred to a maxillofacial
prosthodontist for a preoperative evaluation. A treatment plan can be created
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depending upon the location, extension, and histology of the lesion and the proposed
surgical resection and=or radiation therapy (3). Preoperative anticipation of anato-
mical structures to be surgically removed would suggest that rehabilitation be surgi-
cal and=or prosthetic. A cooperative effort by the surgeon and the maxillofacial
prosthodontist will enable the patient to receive the greatest possible benefit from
the rehabilitative effort (4).

The scope of maxillofacial prosthetics includes the fabrication and delivery of
surgical, interim, and definitive intraoral as well as extraoral prostheses. The use of
maxillofacial prostheses is an option for patient rehabilitation when surgical recon-
struction is not possible or when indications for delayed reconstruction exist. Max-
illofacial prosthetics is not a replacement for surgical reconstruction, but is indicated
when the functional or cosmetic results will be superior.

Surgical resection of the maxilla and associated hard and soft tissues often
results in the loss of important anatomical structures, such as bone, teeth, and
mucosa. The loss of this tissue can create an oronasal communication resulting in
hypernasal speech and loss of fluid or food into the nasal cavity (Fig. 1). A prosthesis
fabricated to cover an opening is called an obturator. Patients with surgically
acquired maxillary defects can usually receive an obturator to achieve acceptable
function and appearance (5). In most instances, maxillary reconstructive surgery is
not indicated.

Surgical resection of the mandible presents a greater challenge for patient
rehabilitation than the maxilla. A mandibular discontinuity defect leaves the

Figure 1 Intraoral palatal defect with oral nasal communication.
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patient with a major functional discrepancy and results in an unstable mandible
(Fig. 2). This affects the patient’s ability to speak, swallow, and masticate. The
availability of microvascular mandibular surgical reconstruction techniques greatly
improves the patient’s treatment options. However, not all patients are candidates
for surgical reconstruction, and those who are not may benefit from a dental
prosthesis.

The care of patients with extraoral head and neck malignant disease is not
limited to the elimination of disease only. A comprehensive treatment plan for a
patient with extraoral disease and requiring extraoral rehabilitation should be drawn
up before surgery. Providing a detailed explanation of the treatment phases, side
effects expected, and rehabilitation procedures available is the best way to prevent
unpleasant surprises for the patient and family.

An extraoral facial prosthesis is a cosmetic bandage utilized to camouflage a
surgical defect not amenable to or desirable for surgical reconstruction. An extraoral
prosthesis may be considered for the following (6):

1. Large defects not readily closed with available or grafted soft tissue
(Fig. 3).

2. Structures not easily reconstructed surgically, (i.e., an eye, nose, or ear)
(Fig. 4).

3. Patients not psychologically or physically capable of tolerating a multistage
surgical reconstruction.

4. Surgical defects requiring direct visualization to monitor for recurrent
disease.

5. Temporary use during multistage surgical reconstruction of a surgical
defect.

Figure 2 Mandibular discontinuity defect with mandibular deviation. Arrows show midline.
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The use of osseointegrated implants has expanded the prosthetic rehabilita-
tion options for many patients with head and neck cancer. The use of osseointe-
grated implants has provided patients with prostheses with retentive qualities far
greater than could be provided otherwise. Patients with osseointegrated implant-
retained prostheses are far more comfortable and confident about resuming their
place in society.

Comprehensive management of head and neck malignant disease may include
the use of radiation therapy. Salivary glands within the field of radiation will become
nonfunctional. The degree of xerostomia experienced by the patient may vary
depending the number of major salivary glands irradiated, the type of radiation,
and the total dosage. The use of intra- and extraoral shielding can help preserve sali-
vary gland function, reducing postirradiation therapy xerostomia.

In addition to an increased risk of dental caries, xerostomia also reduces a
patient’s tolerance for an oral prosthesis. Saliva serves as an important lubricant
between a prosthesis and the oral tissue and aids in the retention of an oral prosthesis

Figure 3 A large facial defect with numerous complex missing anatomical structures.
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due to surface tension. Its absence results in increased irritation of oral tissues during
prosthesis function because of friction.

PRESURGICAL CONSULTATION

Rehabilitation of a patient with malignant disease of the head and neck is often a
multistage, time-consuming process. It is of great importance to patients that they
understand the side effects of their proposed treatment and the measures that can
be taken to minimize these side effects before initiating the treatment process.
Fear of the unknown can be disturbing to many people and the patient’s imagi-
nation of the unknown can be far more vivid than reality. A detailed explanation
of the treatment phases, side effects expected, and rehabilitation procedures is the
best way to prevent unpleasant surprises. Pretreatment consultation with a max-
illofacial prosthodontist provides an excellent opportunity to explain rehabilita-
tion options to the patient and family. This opportunity includes showing the
patient examples of the prosthesis the prosthodontist anticipates fabricating
following surgery.

Maxillofacial prosthodontic evaluation of a patient should be a routine part of
that patient’s general evaluation before undertaking definitive treatment for a benign
or malignant head and neck lesion. Prosthodontic evaluation will usually consist of
an oral examination, dental impressions for diagnostic casts, and dental radiographs.

Figure 4 A complex anatomical structure such as an ear is not easily reconstructed
surgically.
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The information from this evaluation, along with the preoperative surgical and
radiotherapy plan, allows the patient to be initially grouped into one of the following
four M.D. Anderson categories of dental condition (7):

1. Edentulous: The patient has no teeth and may or may not be wearing a
complete denture. Existing prostheses should be evaluated for use during
and after treatment.

2. Poor: The patient’s teeth are beyond repair by ordinary dental means, due
to significant caries and=or periodontal disease. All remaining teeth are to
be extracted and bony prominences recontoured prior to the oncological
surgical resection. Elective dental extractions at the time of oncological
surgical resection could increase the possibility of seeding the tumor cells
during surgical excision. Primary closure of all dental surgical sites is
recommended to promote healing. Dental extractions after a surgical
resection are more stressful for the patient and may delay rehabilitative
efforts.

3. Fair: Teeth can be restored by ordinary dental means. There is minimal
periodontal disease. Some selected extractions may be required.

4. Good: Teeth and periodontium are in good condition; oral hygiene is good
to excellent.

Patients who have undergone treatment for head and neck malignant disease
require periodic maxillofacial prosthetic follow-up care to evaluate the current status
of their hard and soft tissues in addition to the serviceability of any prosthesis. Irra-
diated dentate patients should receive lifelong daily topical fluoride for prevention of
dental caries.

A pretreatment consultation is also valuable for the patient with extraoral dis-
ease. This affords the maxillofacial prosthodontist an opportunity to educate the
patient and family on the advantages and disadvantages of prosthetic rehabilitation.

MAXILLARY SURGICAL DEFECTS

The dental diagnostic casts and radiographs made during the presurgical consulta-
tion are reviewed with the referring surgeon to define the proposed surgical outline.
A surgical defect of the hard and or soft palate will affect the patient’s ability to
speak, swallow, and masticate. Patients with a maxillary surgical defect will experi-
ence hypernasal speech as well as loss of fluid and food into the nasal cavity. There-
fore, surgical, interim, and definitive prostheses are necessary for these patients.

Malignant lesions of the hard palate, nasal and paranasal areas involve common
areas of surgical resection. Aramany (8) classified six hard palatal defects based their
frequency of occurrence. A seventh maxillary defect listed is a total maxillectomy,
which is uncommon but may occur and has been included for completeness (Fig. 5).

Class I: Involves half of the hard palate using the midline suture as the resec-
tion guide (Fig. 6).

Class II: Involves a posterior unilateral defect. The anterior teeth on the surgi-
cal side are retained (Fig. 7). By retaining anterior teeth and=or alveolar
ridges, the obturator’s effectiveness is greatly enhanced.
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Class III: Involves only the palatal vault. The remaining teeth or alveolar ridges
are not involved (Fig. 8).

Class IV: Involves the entire premaxilla and a unilateral maxilla (Fig. 9). This is
very difficult to restore with a functional prosthesis.

Class V: Involves the posterior hard palate bilaterally (Fig. 10). Retention of
prosthesis depends on the anterior hard palate and soft palate, if intact.

Figure 5 Seven areas of hard palate resection, in order of frequency.

Figure 6 Class I: a midline resection of the hard palate.
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Figure 7 Class II: unilateral posterior defect retaining the premaxilla.

Figure 8 Class III: palatal vault defect.
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Class VI: Involves loss of the premaxilla (Fig. 11). This is rare, but when it oc-
curs, there is a complete collapse of themaxillary lip and the tip of the nose.

Class VII: Involves the total maxilla (Fig. 12). Due to loss of the entire hard
palate, retention of an obturator will be significantly diminished (9).

Figure 9 Class IV: resection of premaxilla and half of the hard palate.

Figure 10 Class V: resection of posterior hard palate bilaterally.
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From the viewpoint of patient rehabilitation, the more hard palate that is sur-
gically excised, the more difficulty the patient will experience with the prosthesis. A
class I palatal defect, the most common, is difficult to restore because one-half of the
maxilla is missing. The prosthesis will rotate about the sagittal plane, along the ante-
rior posterior surgical resection. A class II or III palatal defect has a better prognosis

Figure 11 Class VI: resection of the premaxilla only.

Figure 12 Class VII: total maxillectomy.
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because it involves a smaller surgical resection, resulting in minimal alveolar ridge
loss, and does not cross the midline. Prostheses for a class II or III surgical defect
are generally the easiest for a patient to utilize. A class IV palatal defect is prosthe-
tically challenging because the premaxilla and a unilateral maxilla crossing the mid-
line are missing. A class V or VI palatal defect results in a prosthesis that will have
rotation in the transverse axis. Retention and support of an obturator in a class VII
palatal defect depend upon anatomical structures within the nasal cavity. These ana-
tomical structures are usually inadequate to provide usable retention and support for
an obturator prosthesis. A class VII palatal defect presents the greatest challenge to
the patient and the maxillofacial prosthodontist.

MAXILLARY SURGICAL CONSIDERATIONS

Adequate presurgical planning can expedite postsurgical recovery. Rehabilitative
success can be enhanced by preparation of a sound prosthodontic foundation. At
the time of surgery, dental considerations for the successful use of an obturator pros-
thesis should include the following:

1. The canine on the surgical side should be retained, if possible. It has a large
root that provides good support for a prosthesis (Fig. 13).

2. When teeth are present, the surgical cut through alveolar bone should be
through an extracted tooth socket, not between two teeth. A surgical cut

Figure 13 Canine tooth retained as support for a prosthesis.
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between two teeth will result in an inadequate amount of bone remaining on
the root of the tooth proximal to the cut, causing its eventual loss (Fig. 14).

3. When possible, the cut osseous margins of the alveolus and palate should
be covered with palatal mucosa at the time of surgical closure. This can
usually be accomplished by making the soft tissue incision lateral to the
osseous cut. The palatal mucosa can be sutured over the cut edges of the
palatal and alveolar bone. Great care should be taken to ensure that the
edges of the osseous cut are smooth. The junction of the hard palate and
surgical defect is a region of constant prosthesis contact and can act as a
fulcrum. Thick supporting mucosa and round, smooth bone will facilitate
the construction of a comfortable prosthesis (Fig. 15).

4. Anatomical structures in the nasal cavity will be exposed after a surgical
maxillectomy. Structures such as the inferior and middle turbinates should
be electively removed because they will interfere with the insertion and
removal of the prosthesis into the palatal defect. In addition, they are
covered with respiratory mucosa and will not tolerate any pressure from
the prosthesis (Fig. 16).

5. The placement of a split-thickness skin graft on the cheek of a maxillary
defect will facilitate healing and patient comfort. A well-defined scar band
will form where the graft meets the oral mucosa (Fig. 17) that aids in
retention of an obturator prosthesis. A full-thickness tissue graft is usually
contraindicated in covering a maxillary defect in case the use of a prosthesis
is anticipated because it provides a poor foundation on which to fabricate a
dental prosthesis and may contribute to prosthesis movement.

6. At the time of palatal surgery, or before, nonsalvageable teeth and
undesirable exostoses, such as palatal tori, should be removed. Perform-

Figure 14 Exposed root resulting from surgical cut between two teeth.
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Figure 15 An osseous margin covered with palatal mucosa.

Figure 16 Turbinates covered by respiratory mucosa may interfere with an obturator.
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ing these procedures after palatal surgery is more stressful for the
patient.

7. It is desirable to retain the soft palate at the time of surgery. The natural
motion of the soft palate for closure of the oral pharynx is superior to that
provided by a prosthesis (10). The prosthesis must obturate the
velopharyngeal space vertically as well as laterally, yet leave enough room
to breathe and speak. If the soft palate must be resected during surgery, it is
important that its natural position be maintained as closely as possible
during repair. A posterior band of soft palatal tissue 1 cm wide is usually
considered prosthetically advantageous. A band less than 1 cm wide is a
prosthetic disadvantage and should be excised. It will interfere with
placement of the prosthesis, complicating rehabilitation by compromising
speech and deglutition.

8. The anterior mucosal incision of a maxillectomy will produce a fibrous scar
band when sutured to the skin graft. The anterior cut edge of the maxilla is
an area of intimate contact between the prosthesis and soft tissue. Attention
should be directed to not obliterating the buccal vestibule during surgical
closure. Surgical obliteration of the anterior buccal vestibule will require
excessive prosthesis relief, resulting in reduced stability.

9. When surgical resection involves the pterygoid plates, the surgical defect
created will be bounded laterally by the mandibular coronoid process. The
latter will interfere with extension of the prosthesis into the surgical defect,
decreasing obturation. If the coronoid process is present, movement of the
mandible will contribute to prosthesis movement. Consideration should be

Figure 17 Scar band at the junction of the skin graft and oral mucosa.
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given to elective resection of the coronoid process in anticipation of this
problem.

TYPES OF OBTURATORS

Fabrication of an intraoral obturator prosthesis usually involves three separate
phases:

1. Surgical obturator: placed at the time of surgery and utilized for
approximately 1 week while the surgical packing is in place.

2. Interim obturator: used from the second week postsurgery until the patient
is well healed. This prosthesis is modified as needed while the surgical
defect heals. This may be as long as 6 months, if radiation therapy is a part
of the patient treatment plan.

3. Definitive obturator: intended for long-termusewithminimalmodifications.

Surgical Obturator

A surgical obturator is placed by the surgeon or prosthodontist at the time of the
surgical resection. The surgical obturator fulfills many functions (4,5,11):

1. Improves the patient’s ability to swallow, decreasing the need for a
nasogastric tube.

2. Aids speech by restoring palatal contour and reducing hypernasality.
3. Holds the surgical dressing in place.
4. Helps to keep the surgical area clean, which aids healing.
5. Provides a psychological benefit to the patient by improving speech quality

and deglutition, and covering the surgical margins.
6. Reduces the hospital stay by restoring the patient to independent function.

The surgical obturator is fabricated based on a preoperative dental cast
(Fig. 18). The cast is modified to simulate a normal palatal contour minus the teeth
expected to be lost at the time of surgery (Fig. 19). The prosthesis primarily covers
the hard palate. A normal palatal contour is maintained to facilitate deglutition and
speech. The prosthesis has minimal extension into the area of the soft palate surgical
excision. Potential interference from mandibular movement makes it desirable to
underextend a surgical prosthesis in the posterior lateral aspect. An underextended
prosthesis can be augmented at a later time, whereas an overextended prosthesis will
result in discomfort (Fig. 20).

Artificial teeth are not usually placed on a surgical obturator, because dental
occlusion is difficult to re-establish during this phase of treatment. Also, it is desir-
able to prevent the patient from functioning dentally on the side of the surgical resec-
tion and the absence of artificial teeth facilitates this.

Primary retention of a surgical obturator is accomplished with palatal screws,
(Fig. 21) circumzygomatic wires, transalveolar pins, or circumdental wires. The use
of the palatal screw for retention of a surgical obturator, especially if the patient is
edentulous, is preferable. The palatal screw is easier to remove than circumzygomatic
wires or transalveolar pins and results in less patient discomfort when the surgical
obturator is removed postoperatively.

Maxillofacial Prosthetics 491



Figure 18 Dental cast shows outline of tumor.

Figure 19 Preoperative dental cast modified to simulate normal palatal contour and
removal of teeth included in surgical resection.
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Figure 20 Surgical obturator with wire clasps.

Figure 21 Edentulous surgical obturator retained with palatal screws.
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Secondary retention of a surgical obturator is achieved with wire clasps on the
teeth remaining after the surgical excision of the tumor. These clasps will become the
primary means of retention when the surgical obturator is converted to an interim
obturator (Fig. 22). If a patient is completely edentulous, the maxillary complete
denture can be used as a surgical obturator if it is in acceptable condition. It should
be evaluated for fit and cleanliness prior to use.

Approximately 1 week after surgery, the surgical obturator and surgical pack-
ing are removed. The palatal defect is cleaned and examined. Physiotherapy should
begin approximately 1 week after the surgical obturator and surgical packing are
removed to regain an adequate oral opening. The patient may complain of discom-
fort and resist oral physiotherapy. It is insufficient for the patient only to open their
mouth to a comfortable opening. Maximum opening of the mandible must be done
using the patient’s fingers, tongue blades, or an acrylic resin corkscrew (Fig. 23). The
patient will only regain maximum oral opening by stretching the scar tissue before
adhesions occur. Damage to the surgical site will not occur with aggressive phy-
siotherapy. If maximum oral opening is not achieved prior to the initiation of radia-
tion therapy, it is unlikely that the presurgical vertical opening will be regained.
Patients who achieve an anterior opening of three fingerwidths will have an opening
adequate for eating and postoperative care.

Figure 22 Surgical obturator with clasps modified for use as an interim obturator.
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Interim Obturator

It is preferable to convert the surgical obturator into an interim obturator when the
surgical obturator is removed. This can be accomplished with the addition of a soft,
autopolymerizing dental material (COE-SOFT, GC America Inc., Chicago, IL) to
the surgical obturator (Fig. 24). The dental material is added to the prosthesis to
obturate the surgical defect and can be added or subtracted sequentially depending
upon the patient’s rate of healing and level of comfort. Material can be added to or
subtracted from the prosthesis to compensate for voids or pressure spots created due
to tissue contraction during healing. After the initial rapid tissue changes have
occurred (2–4 weeks), the temporary material can be replaced with a more durable
acrylic resin.

If a surgical obturator was not fabricated, or if conversion of the surgical
obturator is not possible, an impression of the maxilla must be made and an interim
obturator fabricated. Making a maxillary impression shortly after surgery is unplea-
sant for the patient. The patient is debilitated and unable adequately open the oral
cavity to allow fabrication of dental impression. An immediate postsurgical impres-
sion should seldom be necessary if proper planning and presurgical consultations
have been completed.

The primary reason for fabrication of an interim obturator is to allow the
patient to swallow without the loss of significant amounts of fluid into the nasal
cavity and to reduce hypernasality of speech. The interim obturator is usually made

Figure 23 Custom-made acrylic resin cork screw may be utilized for restoring vertical

opening.
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entirely of acrylic resin, allowing for easy modifications. Artificial teeth are usually
not placed on an interim obturator because it is undesirable for the patient to func-
tion dentally on the side of the surgical defect and the addition of artificial teeth may
complicate prosthesis modification during this period of rapid tissue change. If cos-
metics are a major concern to the patient, anterior teeth may be added to the interim
prosthesis.

During the immediate post surgical phase (8–12 weeks) the patient should
only remove the interim obturator to clean the prosthesis and the defect. The interim
obturator is not to be removed at night. It will function as a tissue stent during the
postsurgical healing period. Removal of the interim obturator during the early stages
of healing, even for a few hours, may prevent reinsertion of the prosthesis due to the
rapid tissue contraction that can occur in the surgical defect. If the interim obturator
cannot be reinserted, it must be modified before it can be reseated and the patient
can again function. Continuous use of the interim obturator is also recommended
during radiation therapy. Soft tissue and scar contracture can be minimized with
the use of an interim obturator acting as a stent.

Definitive Obturator

A definitive obturator is an intraoral prosthesis intended for long-term use with
minimal modifications (Fig. 25). Fabricating a definitive obturator is appropriate
when the surgical defect and surrounding tissues have stabilized. A 2–3 month post-
surgical healing period is usually sufficient before initiating fabrication of a definitive
obturator. The utilization of radiation therapy will delay fabrication of a definitive
obturator for 3 or more months.

The location and number of a patient’s remaining teeth play an important part
in the stability and retention of a definitive obturator (12). Bilateral dental support
may reduce the need to use the surgical defect to retain the prosthesis. If the tooth

Figure 24 Surgical obturator converted for interim use by addition of COE-SOFT
autopolymerizing dental material.
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support of a prosthesis is only unilateral or concentrated in one area, the surgical
defect will need to be used to aid in the retention of the definitive obturator.

Placement of a split-thickness skin graft on the lateral aspect of a surgical
defect facilitates healing and the formation of a scar band (Fig. 17). The skin graft
allows vertical extension and intimate contact of the definitive obturator with the
cheek (Fig. 26). Prosthesis extension into the surgical defect aids in stability and
retention of the definitive obturator (13,14). If the cheek is allowed to heal by gran-
ulation without a split-thickness skin graft, it will result in a poor prosthesis-bearing
surface. The presence of granulation tissue in the surgical defect will result in excess
scar tissue formation and contracture.

The scar band formed at the junction of the split-thickness skin graft and oral
mucosa becomes evident about 8 weeks postsurgery. This scar band forms a constric-
tion that plays an important role in the stability and retention of a definitive obtura-
tor. By engaging the scar band both superiorly and inferiorly, the obturator is made
more stable. The smaller the surgical defect, the less critical the scar band is for pros-
thesis retention. However, the scar band is still important as a seal to prevent fluids
from escaping into the nasal cavity.

The prosthesis will have an axis of rotation about the medial border of the sur-
gical defect. Therefore, the cut edge of the palatal bone should be rounded and cov-
ered with palatal mucosa or a split-thickness skin graft. Although minimal prosthesis
retention is gained from the medial aspect of the surgical defect, it is important to
treat this area with care. Patient comfort and enhanced palatal defect obturation
are the goal of restoration.

Figure 25 Diagrammatic representation of a prosthesis obturating a class I maxillary defect.
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Design considerations of the definitive obturator are complex. The prosthesis
has greater functional and dislodging forces placed on it than a conventional remo-
vable dental prosthesis. The forces transmitted to the remaining dentition by a defi-
nitive obturator are greater because of the increased weight of the bulb in the
surgical defect and its resulting lever arm effect. Occlusal forces will displace the
prosthesis superiorly. The forces of gravity will displace the prosthesis inferiorly.
To compensate for the greater functional and dislodging forces applied by the
obturator prosthesis, the maximum area of palatal tissue should be covered. In
designing the prosthesis, clasps and rests should be placed on as many teeth as
possible to prevent overloading an individual tooth.

Osseointegrated Implants in the Maxilla

An edentulous patient with a complete denture prior to surgery has an advantage
over a patient made edentulous just prior to or during surgery. A recently edentulous
patient must adjust to the presence of the surgical defect as well as coping with a
removable prosthesis. This is very challenging for most patients. A patient with
difficulty utilizing a removable prosthesis may benefit from the placement of osseoin-
tegrated dental implants. Dental implants have proven to be very reliable and can
dramatically improve the support and retention of an oral prosthesis.

MANDIBULAR SURGICAL DEFECTS

Surgical resection of a portion of the mandible will result in a discontinuity defect
unless reconstructed (Fig. 2) and presents a greater challenge for rehabilitation than

Figure 26 Definitive obturator: arrow identifies concave area for skin graft scar band.
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a resected maxilla because it leaves the patient with an unstable mandible and a
major functional discrepancy. This affects the patient’s ability to speak, swallow,
and masticate. The availability of microvascular mandibular surgical reconstruction
techniques has greatly improved a patient’s treatment options. Patients not candi-
dates for surgical reconstruction may benefit from a dental prosthesis.

In general, the greater the portion of mandible resected, the greater a patient’s
functional difficulty. The mandibular remnant will deviate toward the side of the sur-
gical resection. The unrestored, resected mandible will also rotate in the sagittal
plane because of the pull of the masseter muscle. The resultant mandibular deviation
prevents the patient from achieving presurgical alignment of the remaining mandible
with the maxilla. If the patient has remaining natural dentition, a malocclusion will
occur, which may be as minor as rotation of the occlusal table or as severe as failing
to make tooth contact. A patient with a removable dental prosthesis experiences
greater difficulties because of the additional challenge of controlling it. Dental
implants can be useful in prosthesis stabilizaton and retention (Figs. 27–29).

The patient with a nonsurgically restored, resected mandible cannot produce a
protrusive or lateral movement. This patient can only produce an abnormal angular
opening and closing motion with their mandible.

Physiotherapy should begin approximately 1 week after surgery. Its purpose is
to regain an adequate oral opening and range of motion. The patient may complain
of discomfort and resist oral physiotherapy. It is insufficient physiotherapy for the
patient to only open their mouth to a comfortable opening, as detailed previously.
It is unlikely that the surgical site will be damaged with aggressive physiotherapy.
If maximum range of motion is not achieved prior to the initiation of radiation ther-
apy, it is unlikely that the presurgical mandibular range of motion and alignment will
be regained.

Having the dentate patient attempt to guide the mandible manually into a nor-
mal occlusal relationship will allow evaluation of the progress of the physiotherapy.

Figure 27 Resected mandible with three dental implants in residual mandible.
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If the dentate patient can only accomplish the presurgical maxillomandiblar relation-
ship with manual assistance then a prosthesis is indicated. Two types of prostheses
can be fabricated to provide assistance with acheiving a satisfactory maxillomandib-
ular relationship.

One type is a maxillary prosthesis with an inclined palatal ramp. As the
patient’s mandibular teeth contact the inclined plane in the palate, the mandible is
guided laterally into occlusion. The second type of prosthesis is a buccal guiding
flange consisting of two parts: maxillary and mandibular. The mandibular prosthesis
has a vertical bar in the buccal vestibule on the nondefect side while the maxillary
prosthesis has a horizontal bar in the buccal vestibule on the nondefect side. The
mandibular vertical bar rides over the maxillary horizontal bar guiding the mandible
into occlusion. Both the palatal ramp and the buccal flange prosthesis require

Figure 28 Tissue surface of dental implant supports a mandibular resection prosthesis.

Figure 29 Superior surface of dental implant supports a mandibular resection prosthesis.
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natural dentition to work. Therefore, neither of these designs is beneficial for the
edentulous patient.

Rehabilitation of a patient that cannot manually move his or her mandible into
a presurgical occlusion is more challenging and requires fabrication of a maxillary
prosthesis that provides opposing mandibular contact in the area of the palatal
vault. This will constrict the palatal vault and can impair the patient’s speech.

Rehabilitation of an edentulous patient with a mandibular discontinuity defect
is very challenging. Removable dental prostheses require coordinated tongue and
mandibular movements to remain stable, as well as adequate alveolar height and ves-
tibular depth. A mandibular removable denture needs cross-arch stability in order to
be effective. This involves covering both retromolar pads. All of these requirements
are compromised in the patient with a mandibular discontinuity defect. The greater
the mandibular segment resected, the smaller the denture foundation, and the less
stable and retentive the mandibular prosthesis. Rehabilitation consists of fabricating
a maxillary prosthesis that provides opposing mandibular contact in the palatal
vault. This type of prosthesis will constrict the palatal vault and can impair the
patient’s speech.

Most edentulous patients with a resected nonsurgically restored mandible will
not be able to use a removable prosthesis for mastication but may find the prosthesis
useful as a mandibular vertical stop, something to close against, and for esthetics.

The resected mandible can be surgically restored many ways. Two commonly
used techniques are the use of bone plates and bone grafting. The advantage of a sur-
gically reconstructed mandible is that stabilization of the segments results in a more
controllable mandible with a more normal range of motion.

Removable dental prostheses should not be fabricated over bone plates cov-
ered only by soft tissue. This may result in soft tissue erosion, exposing the bone
plate, with subsequent infection and loss of the bone plate.

Removable dental prosthesis fabrication over a bone-grafted mandible benefits
from presurgical treatment planning. Bone-grafted mandibles often have insufficient
interarch space or alignment to allow dental rehabilitation. Preprosthetic surgery is
usually indicated prior to any dental restoration on a bone-grafted mandible, usually
involving the release of scar tissue in the buccal and lingual vestibules. It is also
necessary to debulk the full-thickness soft tissue grafted with the bone, because this
area will be necessary to support the prosthesis. It is important that the prosthesis-
bearing area be covered with keratinized, attached, nonmobile soft tissue, which can
be accomplished with a split-thickness skin graft on the periosteum.

Palatal Drop Prosthesis

Mandibular surgery often involves the tongue. Surgical resection of a portion of the
oral tongue will impair the patient’s ability to speak and swallow. The speech impair-
ment occurs because the tongue can no longer make adequate contact in the palatal
vault, the swallowing impairment due to decreased tongue mobility (i.e., tethering).
Postoperative release of scar tissue and=or grafting can be of great benefit in increas-
ing mobility of the tongue. If the tongue is still unable to make adequate contact with
the palatal vault, a palatal drop prosthesis can be fabricated, which recontours
the palatal surface, allowing the tongue to make contact (Fig. 30). This prosthesis
can be fabricated for either dentulous or edentulous patients.
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Osseointegrated Implants in the Mandible

An edentulous patient utilizing a complete denture prior to surgery has an advan-
tage over a patient made edentulous just prior to or during surgery. A recently eden-
tulous patient must adjust to the presence of the surgical defect as well as coping
with a removable prosthesis, which is very challenging for most patients. A patient
who has difficulty utilizing a removable prosthesis may benefit from the placement
of osseointegrated dental implants. Dental implants have proven to be very reliable
and can dramatically improve the support and retention of an oral prosthesis (Figs.
27–29). This can be accomplished more predictably if the patient has not received
radiation therapy to the oral cavity. As with teeth, the number, size and location
of dental implants are important in the retention and stability of mandibular
prostheses.

Tongue, Jaw, and Neck Resection

A malignant lesion of the tonsillar pillar often requires surgical resection involving
the base of the tongue, tonsillar pillar, posterior lateral aspect of the soft palate,
and partial mandibulectomy (Fig. 31). This surgical procedure is often referred to
as a tongue, jaw, neck, resection. Velopharyngeal incompetence and difficulty with
deglutition are common postoperative complaints. The velopharyngeal incompe-
tence results in hypernasal speech and leakage of fluid and food into the nasal phar-
ynx. Difficulty with deglutition may result in choking and=or aspiration of food or
fluid due to impaired mobility of the epiglottis.

Figure 30 Palatal drop prosthesis.
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Fabrication of a prosthesis to obturate a soft palate defect may decrease the
hypernasal speech and reduce leakage of fluids into the nasal cavity. However, the
prosthesis will not appreciably affect the patient’s ability to swallow. Most problems
with deglutition are the result of surgical scar tissue in the oropharynx and not the
result of velopharyngeal incompetence. A patient who is to undergo a tongue, jaw,
neck resection must be informed about the procedure’s expected side effects.

EXTRAORAL PROSTHESES

The care of patients with extraoral head and neck cancer is not limited to the elim-
ination of disease. A comprehensive treatment plan for patient rehabilitation must
be considered before surgery. Preoperative anticipation of anatomical structures to
be surgically removed would suggest that patient rehabilitation be surgical and=or
prosthetic.

An extraoral facial prosthesis is a cosmetic bandage utilized to camouflage a
surgical defect that is not amenable to or desirable for surgical reconstruction. An
extraoral prosthesis may be considered in the following situations (6):

1. A large defect not readily closed with available or grafted soft tissue (Fig. 3)
2. A structure not easily reconstructed surgically (i.e., an eye, nose, or ear)

(Fig. 4)
3. A patient not psychologically or physically capable of tolerating a

multistage surgical reconstruction

Figure 31 Tongue, jaw, and neck resection with full-thickness tissue graft. Note bulk of full-
thickness tissue graft.

Maxillofacial Prosthetics 503



4. A surgical defect requiring direct visualization to monitor for recurrent
disease

5. Temporary use during multistage surgical reconstruction of a surgical
defect

Patient Factors

Esthetic and psychological factors are both important when considering rehabilita-
tion with an extraoral facial prosthesis. As MacGregor has said, ‘‘the face is the mir-
ror of the soul’’ (15). The face, always exposed, is the focus of attention and the first
thing people see. A change to the face quickly draws unwanted attention. From the
patient’s esthetic and psychological perspective, how well an extraoral prosthesis
camouflages the defect is important.

To be acceptable to the patient, an extraoral prosthesis must blend into the
anatomical area. A well-made extraoral prosthesis can be effective in camouflaging
an extraoral surgical defect (Figs. 32,33). An ideal extraoral facial prosthesis should
have the following features (16):

1. Light weight: the heavier the prosthesis, the more difficult it is to retain.

Figure 32 Patient with exenteration of the right eye. Orbital defect has well-formed tissue
undercuts.
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2. Camouflage the defect: a patient should be able to walk down the street
without attracting undue attention.

3. Color-compatible: it should blend in with the patient’s natural tissue. A
patient’s tissue color may change with the seasons, and more than one
prosthesis may be necessary for a patient.

4. Retentive: this is important from the psychological perspective of a patient.
The patient must feel confident with the retention of the extraoral
prosthesis.

5. Durable: because of the cost and the time required to fabricate, the
prosthesis should last 6–12 months.

Prosthetic Margins

One of the most common and esthetically superior extraoral prostheses is the ocu-
lar prosthesis (Figs. 34,35). An ocular prosthesis only replaces the globe of the eye,
which can not be restored surgically (16,17). It is usually esthetic because it resides
within the orbit and can be retained by the eyelids, which also camouflage its
margins.

Figure 33 Orbital prosthesis retained by soft tissue undercuts. Tinted glasses help to

camouflage margins of the prosthesis.
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As the surgical field expands, more anatomical structures are removed. A
larger surgical field dictates a larger prosthesis, with more exposed margins that
create cosmetic weak points. The quality of the tissue adjacent to the surgical
defect is very important in camouflaging the prosthesis margins. Thin, attached,

Figure 34 Ocular defect resulting from low-velocity projectile.

Figure 35 Ocular prosthesis retained by eyelids.
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keratinized tissue of natural color provides the ideal surface to terminate the mar-
gin of an extraoral prosthesis. Tissue that is thick, nonattached, and mobile will be
affected by the movement of adjacent facial musculature. Anatomical areas with
mobile soft tissue result in difficulty with prosthetic margins. The prosthesis mar-
gins will open. Movement of the orbicularis oris muscle can affect the inferior mar-
gin of a nasal prosthesis where it contacts the upper lip. The area inferior to the
external auditory meatus, which consists of soft tissue covering the ascending
ramus of the mandible, can affect the retention of an auricular prosthesis during
mandibular movement.

Surgical Considerations

Surgical considerations that can affect the outcome of an extraoral prosthesis may
include the following:

1. The periphery of the surgical defect should be covered with attached,
keratinized tissue extending over the margin of the defect. This result can
be accomplished through the placement of a split-thickness skin graft
(Fig. 36) or by undermining the surgical defect margin to allow the
epithelium to wrap over the edge of the defect (Fig. 37).

2. A split-thickness skin graft is preferable to a full-thickness graft because it
will attach to the tissue base and offer a more stable surface for prosthetic
adhesion.

3. Full-thickness tissue grafts are rarely suitable as a foundation for a facial
prosthesis because they do not provide stability.

Figure 36 Split-thickness skin graft provides an immovable base and a good surface for

adhesive.
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4. Small remnants of soft tissue should be excised unless there is a strong
probability of surgical reconstruction. A rhinectomy, leaving a small
portion of the ala, is prosthetically undesirable (Fig. 38). The prosthesis will
have to overlay the soft tissue remnant, resulting in a prosthesis that is too
large for the patient and unnatural looking. An exception to the removal of
small soft tissue tags is the superior half of the ear: the helix. Retaining the
helix is desirable because it has a cartilaginous foundation that provides
orientation and lends stability to the prosthesis. The tragus can also
provide orientation for the construction and placement of an auricular
prosthesis (Fig. 39) (6).

The face is a complex area of form, color, and movement. A well-made pros-
thesis on a well-developed surgical foundation should allow the patient to take his or
her place within society with confidence.

Fabrication of an Extraoral Prosthesis

A facial prosthesis is often fabricated from silicone elastomer or acrylic resin (poly-
methylmethacrylate). The basic technique of fabricating an extraoral prosthesis con-
sists of the following:

1. Making an impression of the surgical defect to fabricate a plaster cast.
Dental impression material such as reversible or irreversible hydrocolloid
(alginate) is most commonly employed.

2. Sculpting the missing tissue from wax or clay.

Figure 37 Epithelium covers edges of defect and provides a suitable surface for adhesive.
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Figure 38 Partial rhinectomy with residual tissue tags.

Figure 39 The tragus should be retained, if possible, because it camouflages the anterior

margin of the prosthesis.
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3. Fabricating the prosthesis mold using the plaster cast as a base.
4. Adding colors to the uncured prosthetic material to simulate the patient’s

base skin color.
5. Placing the uncured prosthetic material in the mold to cure.
6. Final coloring and delivery of the prosthesis to the patient.
7. Educating the patient about the use and maintenance of the prosthesis.

The extraoral prosthesis should be removed at least once a day for cleaning of
the prosthesis, the surgical defect, and surrounding tissue. The extraoral prosthesis
should be cleaned with mild soap and water.

Retention of an Extraoral Prosthesis

Retention of an extraoral facial prosthesis is most commonly achieved by engaging
soft tissue undercuts, applying surgical adhesives, or the use of extraoral osseointe-
grated dental implants. The simplest retention of a facial prosthesis is with soft
tissue undercuts. An ocular prosthesis, which only replaces the globe of the eye, is
retained and its margins camouflaged by the eyelids (Figs. 34, 35). Retention of
the ocular muscles at the time of enucleation results in a mobile, soft tissue
foundation, imparting life-like motion to an ocular prosthesis.

An orbital prosthesis replaces the globe of an eye, associated musculature, and
the eyelids. An orbital defect has naturally occurring, well-formed tissue undercuts
(Fig. 32). These undercuts usually retain an orbital prosthesis well. The use of a
heavy-rimmed eyeglass frame and tinted lenses can help camouflage the margins
of an orbital prosthesis (Fig. 33).

It is not recommend to attach an orbital or any other extraoral prosthesis to an
eyeglass frame (Fig. 40). If the facial prosthesis is attached to the eyeglass frame, it is
critical that the frame fit precisely and not move. If the eyeglass frame moves, the
prosthesis will move and not be well adapted over the surgical defect (Fig. 41). It
is advantageous for the patient to be able to remove the eyeglasses independent of
an extraoral prosthesis.

Larger surgical defects are usually deficient in the quality and quantity of soft
tissue undercuts. The use of a surgical skin adhesive becomes necessary for retention
of a larger extraoral prosthesis (i.e., stoma adhesive). Although surgical adhesives
can be effective in retaining a facial prosthesis, some undesirable side effects include
the following:

1. Efficacy of retention: a mobile tissue foundation may disrupt the adhesive
barrier. Adhesive may be less effective in hot, humid weather or on oily
skin.

2. Tissue irritation: mechanical irritation of skin during repeated adhesive
removal.

3. Hard to clean: difficult to remove adhesive from the prosthesis without
damaging thin margins.

4. Messy: difficult to apply adhesive to the small areas of the prosthesis
necessary for retention. The adhesive can retain dirt.

5. Difficult to use: patients with poor eyesight or the loss of depth perception
will have difficulty managing surgical adhesives for prosthesis retention.
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Figure 40 Orbital prosthesis attached to eyeglass frame.

Figure 41 Orbital prosthesis attached to eyeglass frame moves when frame moves.
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EXTRAORAL OSSEOINTEGRATED IMPLANTS

A recent advance in the retention of extraoral prostheses involves the extraoral pla-
cement of modified osseointegrated dental implants (18–20) that have their ancho-
rage in bone. The use of two to five implants can provide facial prosthesis
retention that eliminates the need for surgical adhesive. Osseointegrated implants
have proven most beneficial in the auricular area, due to tissue mobility and a lack
of prosthesis orientation (Figs. 42, 43).

Rehabilitation of a patient with an extraoral defect can be complex. Although
surgical reconstruction of an extraoral defect is ideal, it is not always possible
or desirable. The benefits of an extraoral facial prosthesis can be enhanced through
presurgical planning and a surgical awareness of facial prosthetic needs. The rehabi-
litation of a patient with an extraoral surgical defect is most effective when all
the members of the team are aware of the others’ needs.

OSSEOINTEGRATED IMPLANTS

Dental implants have proven to be very reliable and can dramatically improve the
support and retention of a prosthesis. This can be accomplished more predictably
if the patient has not received radiation therapy to the area of implant placement.
The use of hyperbaric oxygen has proven beneficial in improving the success rate
of dental implants placed in irradiated osseous tissue. However, dental implants have

Figure 42 Two osseointegrated implants provide mechanical retention for an auricular
prosthesis.
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been successfully placed in the irradiated mandible both with and without the use of
adjunct hyperbaric oxygen (21,22).

Branemark made the serendipitous observation of a bone–metal fusion in 1952
while attempting to remove titanium optical chambers implanted into rabbit femurs.
Branemark coined the term osseointegration to describe this metal-bone fusion and
performed animal studies that progressed to the clinical placement of implant cylin-
ders into the anterior mandible of edentulous patients in 1965. Between 1965 and
1982, clinical trials progressed the use of dental implants in edentulous mandibles.
Branemark presented his research on the clinical use of dental implants to the North
America dental community in 1982. His statistical success of osseointegrated dental
implants in the anterior nonirradiated edentulous mandible was 95% at 5 years.

Branemark’s tenets for the successful osseointegration of an implant include
the following:

1. The implant must be sterile, free of contamination, and in a reactive state.
The reactive state is a surface layer of titanium oxide.

2. A gentle surgical technique. This includes a minimal elevation of
periosteum and not overheating the bone while drilling. This temperature
was determined to be less than 478C for 1min in animal studies.

3. The implant must be stable when placed in the osteotomy site. This is
accomplished by slightly undersizing the surgical receptor site. Intimate
contact of the implant and the bone will result in the formation of
embryonic bone that will mature into lamellar, load-bearing bone.

Figure 43 Auricular prosthesis is retained by osseointegrated implants.
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4. The implant must be left submerged under soft tissue to heal in an
undisturbed state for 3–6 months, depending upon bone quality.
Micromovement of an implant during the healing phase disrupts the
normal osseous remodeling process leading to fibrous encapsulation rather
than osseointegration.

The success of osseointegrated implants is dependent on bone quantity and
quality. The open trabecular pattern of cancellous bone provides less surface area
for implant contact and initial stabilization. However, very dense cortical bone
has a poor blood supply and reduced regenerative capabilities. A desirable osteo-
tomy site will have some cortical bone for implant stabilization and some cancellous
bone for vascularity.

The statistical success of osseointegrated implants is very high. A patient in
good health is usually a candidate for osseointegrated implants and age is not a con-
traindication. Medical diseases or conditions can compromise the success rate of
osseointegrated implants, including uncontrolled diabetes, blood dyscrasias, or
radiation therapy to the implant site. Autoimmune diseases such as Sjögren’s syn-
drome, make it difficult to work in the oral cavity and can be relative contraindica-
tions to the placement of osseointegrated implants. Patients who smoke tobacco
demonstrate an increased osseointegrated implant failure rate (23).

Osseointegrated implants are placed in individual osteotomy sites. While the
statistical success of osseointegrated implants is very high, they can fail to osseointe-
grate for a variety of reasons: surgical factors such as overheating the bone, failure to
stabilize the implant at placement, and=or compromising local vascularity.

An advantage of individual cylindrical implants is that the loss of one implant
in a healthy, nonsmoking patient does not necessarily mean the loss of all implants.
However, the loss of one implant in a medically compromised patient or one who
smokes tobacco often indicates that the remaining implants will eventually fail.

Implants are manufactured in various lengths, diameters, and surface coatings.
The philosophy of bank vault construction posits that the longer, the wider, and the
increased number of implants placed, the more likely they will withstand the work
load imposed by a prosthesis. An intraoral implant 4mm in diameter by 13mm in
length is a commonly used size. Implants less than 10mm in length have a signifi-
cantly reduced success rate intraorally.

Intraoral Maxilla

Patients with a removable maxillary complete denture usually manage well with their
prosthesis. A maxillary denture is retained with a denture-style retention (i.e., suc-
tion) derived from a border seal. Palatal surgery for malignant disease that disrupts
the border seal or perforates the palatal vault will prevent the formation of a border
seal and retention of the maxillary denture. Support of a maxillary prosthesis
requires the entire intact alveolar–palatal foundation. Loss of any of this foundation
will adversely affect the stability of the patient’s denture, resulting in significant pros-
thesis movement.

Dental implants are a proven elective procedure to be considered for a patient
desiring improved retention and stability of a dental prosthesis (Figs. 44, 45). This
can be accomplished more predictably if the patient has not received radiation
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Figure 44 Four dental implants placed to aid retention and stabilization of an obturator.

Figure 45 Interior surface of obturator with attachments used for retention of prosthesis.
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therapy to the oral cavity. As with teeth, the number, size, and location of dental
implants are important. In the ideal situation, dental implants should be dispersed
and located where the greatest amount of bone is found. This is usually in the pre-
maxilla and tuborosity.

The success of dental implants in the maxilla is dependent upon the quantity
and quality of bone available for osseointegration.The presence of the maxillary
sinus complicates the placement of dental implants on the nonsurgical side due to
the minimal amount of alveolar bone overlying the sinus. This thin alveolar bone
prevents the placement of dental implants of sufficient length. Surgical techniques
for bone grafting the maxillary sinus are available, allowing the use of implants of
adequate length.

An alternative to bone grafting the maxillary sinus for the placement of a den-
tal implant is a zygomatic implant. A zygomatic dental implant is 40–50mm long
and engages the zygoma by transecting the alveolus, medial to the area of the first
molar.

Osseointegrated dental implants must be placed 4–6 months prior to the time
of utilization to allow for adequate integration. The placement of dental implants
into a surgical defect may be technically possible; however, they are usually difficult
to restore and keep clean. Attached keratinized tissue should surround a dental
implant where it protrudes through the soft tissue to provide a healthy environment.
If these criteria cannot be met, then a dental implant should probably not be placed.

Intraoral Mandible

Edentulous patients, in general, have more difficulty utilizing a removable mandib-
ular prosthesis than a maxillary prosthesis. A mandibular removable complete den-
ture needs cross-arch stability to have a reasonable opportunity of being beneficial.
This involves covering both retromolar pads. Mandibular complete denture pros-
theses require coordinated tongue and mandibular movements to remain stable, as
well as adequate alveolar height and vestibular depth. All of these requirements
are compromised in the patient with a mandibular discontinuity defect. The greater
the mandibular segment resected, the smaller the denture foundation, and the less
stable and retentive the mandibular prosthesis. Most edentulous patients with a
resected, nonsurgically restored mandible will not be able to use a removable pros-
thesis for mastication.

Dental implants have proven to be very reliable and can dramatically improve
the support and retention of a resected mandibular prosthesis (Figs. 27–29). Dental
implants should be dispersed and located where the greatest amount of bone is found,
usually the anterior mandible. Implant placement in the posterior mandible must
avoid the mandibular nerve and vascular bundle. Osseointegrated dental implants
must be placed approximately 4 months prior to the time of utilization to allow
for adequate integration. Attached keratinized mucosa should surround a dental
implant where it protrudes through the soft tissue to provide a healthy environment.

A mandibular discontinuity defect can be restored with a bone graft or a bone
plate. When restored with a bone plate, it can only receive dental implants in the
nonresected mandible. When restored with a bone graft, it can have dental implants
placed in both the nonresected mandible and the graft. However, bone grafts are not
always prosthetically suitable for dental implant placement. Dental implants placed
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in a bone graft with inadequate interarch space or poor graft orientation cannot be
used for prosthodontic rehabilitation.

The surgical repair of a resected mandible with a bone graft requires that the
bone graft be covered with a full thickness of soft tissue for vascularity and graft sur-
vival. Surgery to release scar tissue in the buccal and lingual vestibules of a bone-
grafted mandible is indicated prior to the placement of any dental prosthesis. It is
also necessary to debulk the full-thickness soft tissue graft. It is important that the
bone-grafted mandible expected to support a prosthesis be covered with keratinized,
attached, nonmobile soft tissue. This can be accomplished with a split-thickness skin
graft placed on the periosteum.

Extraoral Osseointegrated Implants

The clinical success of osseointegrated dental implants in edentulous and partially
edentulous patients has led to the modification of these implants for extraoral use.
This modification included the addition of a flange at the top of the implant to pre-
vent overseating during placement. These extraoral implants are 4mm long and are
for use where the bone is thin, such as the mastoid area.

The initial use of extraoral osseointegrated implants was in 1977 for the reten-
tion of bone-conductive hearing aids. Osseointegrated implants were first used for
the retention of auricular prostheses in 1979 (24).

Implant-Supported Auricular Prothesis

A patient who has lost an auricle has several rehabilitation options: no treatment,
surgical reconstruction, or prosthetic reconstruction. The cosmetic results of surgical
reconstruction have been less than desirable and in the past prosthetic rehabilitation
has been the treatment of choice.

The retention of an auricular prosthesis usually involves a surgical adhesive.
The presence of perspiration, skin oils, mandibular movement, hair, and a mobile
tissue bed all compromize the retention of the prosthesis. Difficulties with the reten-
tion of auricular prostheses led Branemark and co-workers to place the first implant-
supported auricular prosthesis in 1979 (Figs. 42, 43) (25).

An auricular prosthesis needs a minimum of two, preferably three, implants in
the mastoid area. These are allowed to heal submerged and undisturbed for 4–6
months. The skin that surrounds the transmucosal portion of an extraoral osseoin-
tegrated implant must be keratinized, thin, and attached to the periosteum. At the
time the implants are uncovered, the elevated flap must be thinned to achieve these
desired qualities.

An implant-supported auricular prosthesis requires advanced planning and
careful implant placement. A surgical stent facilitates the correct placement of the
implants. The use of osseointegrated implants for the retention of an auricular pros-
thesis significantly increases the patient’s confidence in the prosthesis.

Implant-Supported Orbital Prothesis

Orbital exenteration requires rehabilitation due to the high visibility of the surgical
defect. Although an orbital exenteration lends itself to an easy closing of the surgical
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defect with a full-thickness tissue flap, this surgical procedure is contraindicated in
any patient desiring prosthetic rehabilitation because the soft tissue fills the orbit.
An orbital prosthesis requires substantial anterior–posterior depth to be cosmetically
similar to the nonsurgical side. The periphery of an orbital exenteration defect needs
to be lined with keratinized tissue. The superior and inferior eyelids are an excellent
source of this tissue.

An orbital prosthesis is primarily retained mechanically, achieved with under-
cuts posterior to the supra- and infraorbital rims. The surgical treatment of the
malignant disease may result in the loss of these naturally occurring undercuts.
The loss of naturally occurring undercuts requires other methods of prosthesis reten-
tion (i.e., surgical adhesive or osseointegrated implants).

Placing osseointegrated implants for the retention of an orbital prosthesis is
highly desirable. Unfortunately, the bone surrounding orbital defects is usually thin
and of poor quality, which limits the number and location of possible implant place-
ment sites. This results in a lower osseointegration rate for implants placed in the
exenterated orbit. The placement of implants in an orbital defect requires preplace-
ment planning to avoid undesirable cosmetic consequences.

Implant-Supported Nasal Protheses

Surgical reconstruction of a total rhinectomy is difficult because of the loss of
the cartilaginous skeleton. Prosthetic rehabilitation has produced the most satis-
factory cosmetic results. If the patient is to be rehabilitated with a nasal prosthe-
sis, the surgical defect margins should be covered with keratinized skin and the
nasal septum removed. The primary retention of a nasal prosthesis has been sur-
gical adhesive. The naturally occurring undercuts in the nasal cavity are unusable
for mechanical retention because the nasal mucosa will not tolerate prosthesis
contact.

Retention of a nasal prosthesis can be problematic with surgical adhesive
because of perspiration, oily skin, exhaled water vapor, and soft tissue mobility
(i.e., upper lip). It would seem that a simple solution to retention of a nasal prosthe-
sis would be to attach it to the patient’s eyeglasses frame. The disadvantages of this
technique include any movement of the eyeglass frame, which opens the prosthesis
margins. Removal of the eyeglasses includes removal of the prosthesis. The prosthe-
sis provides no anterior support for the eyeglasses, which are designed to sit on the
bridge of the nose.

Osseointegrated implants offer a tremendous benefit for the support of a nasal
prosthesis when they integrate. However, the anatomical sites available for implant
placement provide bone of poor quality and limited quantity, resulting in a poor rate
of success.

Combination Implant-Supported Protheses

A combination prosthesis combines more than one extraoral area and may include
an intraoral maxillary defect. The large size and weight of a combination prosthesis
result in difficulty with retention. Osseointegrated implants offer a superior method
of prosthesis retention. The opportunity for using osseointegrated implants may be
greater with the combination prosthesis than with other facial prostheses: the large
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size of the surgical defect allows use of implant placement sites such as the zygomatic
arch and the maxilla.

RADIATION THERAPY

Comprehensive management of head and neck malignant disease may include the
use of radiation therapy. Salivary glands within the field of radiation will become
nonfunctional. The degree of xerostomia experienced by the patient may vary
depending on the number of major salivary glands irradiated, the type of radiation,
and the total dosage. The use of intra- and extraoral shielding can help preserve sali-
vary gland function, thus reducing postirradiation therapy xerostomia.

Radiation-induced xerostomia predisposes the patient to dental caries of any
remaining teeth (Fig. 46). Additional patient factors, including diet and oral hygiene,
will influence the propensity to radiation caries.

Radiation-induced dental caries can be a very aggressive form of dental disease
involving smooth surfaces of teeth that are not normally prone to caries. This usually
includes the cervical area where the tooth enters the gingiva. Cervical caries are often
circumferential and very difficult to restore. Placing a complete artificial crown on a
tooth can be a short-term treatment. An artificial crown for a tooth is not a definitive
answer because the caries will resume below the margin of the artificial crown.

Radiation-induced dental caries can be dramatically reduced with a daily appli-
cation of topical fluoride (7,26) daily for the remainder of the patient’s life. Xeros-
tomia will continue indefinitely, as will the susceptibility to dental caries. The need
for routinedental hygiene and theuseofdaily topical fluoridewill continue indefinitely.

Figure 46 Radiation-induced caries with severe breakdown of teeth.
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The fluoride of choice for daily topical application is 0.4% stannous fluoride.
The stannous and fluoride ions are both effective in bonding to the dental enamel
hydroxylapatite to make the tooth more caries resistant. The stannous ion has a dis-
agreeable taste and flavoring agents must be added.

Some irradiated patients find the taste of the stannous ion or flavoring agents
unacceptable. An alternative is 1% sodium fluoride, which is less reactive than 0.4%
stannous fluoride. Therefore, it must be in contact with the tooth surface for a
greater period of time to provide resistance to caries. Use of a custom-made fluoride
carrier is effective to achieve the recommended contact time.

Acidulated phosphate fluoride (APF) is routinely used in the dental office for
periodic topical application. This fluoride has a very low pH and, used on a daily
basis, will dissolve the enamel and erode natural dentition. It is therefore contrain-
dicated.

In addition to an increased risk of dental caries, xerostomia also reduces a
patient’s tolerance for an oral prosthesis. Saliva serves as an important lubricant
between a prosthesis and the oral tissue. Its absence results in increased irritation
of oral tissues during prosthesis function because of friction. Saliva is also an impor-
tant aid in the retention of an oral prosthesis because of surface tension.

The literature demonstrates that significant soft tissue changes occur within the
field of radiation (27), including a reduced blood supply and thinning and atrophy of
the oral epithelium. The underlying connective tissue becomes fibrotic and avascular.
These changes make the construction and use of an intraoral prosthesis more diffi-
cult and increase the risk of osteoradionecrosis.

A preoperative dental evaluation and placement within one of the four M.D.
Anderson dental categories is important to minimize the need for postradiation den-
tal complications. Dental extractions in an irradiated patient have an increased risk
of healing complications. It is, therefore, important that a patient be dentally stable
before undergoing radiation therapy.
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14
Surgical Approaches to the Facial
Skeleton in Trauma

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

INTRODUCTION

Modern techniques of exposing the facial skeleton evolved in the last half of the
20th century from the combined experiences of several surgical disciplines including
otolaryngology–head and neck surgery, plastic surgery, maxillofacial surgery, and
neurosurgery. Exposure of facial fractures previously consisted of making several
small incisions over fracture sites, with little concern for visible scars or sensorimo-
tor deficits. Although limited surgical access is often all that is required for selected
simple facial fractures, complex or comminuted fractures demand more extensive
exposure for accurate reduction and fixation. The modern approach to complex
facial fractures (which represent the majority of facial fractures) is wide surgical
exposure that facilitates a three-dimensional assessment of fracture displacement
and application of rigid internal fixation appliances and bone grafts (1). These sur-
gical approaches emphasize minimally invasive techniques that spare neurosensory
structures while maximizing exposure of the facial skeleton. Craniofacial incisions
are hidden in areas such as behind the hairline, within the oral cavity, in the con-
junctiva, or under the eyelids. Incisions camouflaged by placement within a border
of a topographical subunit or natural skin crease are also acceptable (e.g., subcili-
ary). Examples include

Coronal approach to the upper and midface
Transcutaneous approach to the orbital floor
Transconjunctival approach to the orbital floor
Endoscopic subcondylar approach for the condylar neck
Subcranial approach for the deep upper and midface
Open sky approach for the naso-orbital complex
Extracranial transsphenoethmoidal approach for the optic foramen and

canal
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CORONAL APPROACH

Description and Indications

The coronal approach provides the greatest potential surface exposure of the cranio-
facial skeleton including the frontal bone and calvaria, the superior and upper lateral
orbital rims, the zygomatic arches, the temporomandibular joints, and the nasal
bones. This approach is useful for the open treatment of severely comminuted zygo-
matic fractures (2). It also provides ample exposure for the zygomaticofacial suture,
lateral orbit, malar eminence, and nasoethmoid complex. Most important is that the
coronal approach provides wide exposure of the anterior cranial fossa including the
frontal sinuses, frontal lobe, cribriform plate, orbital roofs, and orbital apices.

The incision for the coronal approach is usually made behind the hairline
from ear to ear. More anteriorly placed incisions (pretrichial, midforehead, and
suprabrow) will result in similar exposure but also create noticeable incisions and
post-incisional numbness from interruption of the supratrochlear and supraorbital
sensory nerves. The pretrichial incision is placed just inside the anterior hairline
and may be used for patients with a stable hairline. The midforehead incision is
placed within a prominent midforehead rhytid and is used for patients with promi-
nent forehead wrinkles (usually elderly men or women). The suprabrow incision is
placed just above the eyebrows, joined by an incision across the nasal root. It has
several disadvantages including total forehead and lower anterior scalp hypothesia,
limited access laterally, and obvious scarring.

Surgical Anatomy

The coronal incision traverses the skin, subcutaneous tissue, galeal aponeurosis, loose
areolar tissue, and pericranium. The aponeurosis merges with its muscular counter-
parts anteriorly (the frontalis muscle) and posteriorly (the occipitalis muscle). As
the scalp flap is dissected anteriorly toward the orbital rims and zygomatic arches,
several important neurovascular structures are encountered including the frontal
branch of the facial nerve, the supraorbital and supratrochlear arteries and sensory
nerves, and the superficial and middle temporal arteries (Fig. 1). In addition, the fas-
cial relationships become more complex as the dissection is continued anterolaterally.

The frontal branch innervates the ipsilateral half of the frontalis muscle later-
ally and is primarily responsible for elevation of the eyebrow. Frontal nerve injury
results in paralysis of the frontalis muscle and a progressive descent of the ipsilateral
eyebrow. The approximate course of the nerve follows a line along the inferior part
of the tragus and a point 1.5 cm lateral to the lateral extent of the eyebrow (Fig. 2).
As it exits the parotid gland, it travels with the superficial temporal artery (its ante-
rior branch) deep to the temporoparietal fascia. The temporoparietal fascia is also
known as the superficial temporal fascia and is the superior extension of the super-
ficial musculoaponeurotic fascia (SMAS) and the anterolateral extension of the occi-
pitogaleafrontalis (galeal aponeurosis). Above the level of the zygomatic arch, as the
frontalis nerve courses toward the frontalis muscle, the temporoparietal fascia thins
leaving a scant amount of tissue between the overlying skin and nerve. Subcutaneous
dissection within this area raises the risk of iatrogenic injury to the frontal branch.
As the dissection approaches the zygomatic arches, the intricate relationships of
the fascias gain importance in avoiding neurovascular injury. First, the temporal line
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is encountered where the pericranium and deep temporal fascias meet and adhere to
the skull. Beyond this line, the deep temporal fascia continues directly over the tem-
poralis muscle to the temporal line of fusion at the level of the superior orbital rims.
Inferior to the temporal line of fusion, the deep temporal fascia splits into superficial
and deep layers. The superficial layer continues inferiorly to insert onto the superfi-
cial aspect of the zygomatic arch. The deep layer inserts onto the medial aspect of the
arch. The deep temporal fat pad occupies the space between the superficial and deep
layers of temporal fascia. The buccal fat pad (on the surface of the temporalis mus-
cle) is separated from the deep temporal fat pad by the deep layer of deep temporal
fascia. To avoid injury to the frontalis nerve, a safe plane of dissection is below the
superficial layer of deep temporal fascia within the deep temporal fat pad.

The auriculotemporal and zygomatic nerves provide sensation to the lateral
forehead. The auriculotemporal nerve exits the infratemporal fossa between the
mandibular condyle and the ear canal to cross the root of the zygoma in the subcu-
taneous plane posterior to the parietal (posterior) branch of the superficial temporal

Figure 1 A, deep temporal fascia; B, temporalis muscle; C, deep temporal fat pad; D, frontal
nerve; E, superficial temporal artery and vein; F, auriculotemporal nerve.
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artery. The zygomatic nerve, a branch from the maxillary division of the trigeminal
nerve, enters the orbit through the infraorbital fissure and divides into the zygoma-
ticofacial and zygomaticotemporal nerves. The zygomaticofacial nerve exits the orbit
via the zygomaticofacial foramen and supplies the skin over the malar eminence; this
nerve is not encountered in the coronal approach. However, the area of distribution
of the other division of the zygomatic nerve, the zygomaticotemporal nerve, is
encountered using the coronal flap. This nerve exits the orbit via the sphenozygo-
matic suture and pierces the temporal fascia 2 cm above the level of the zygomatic
arch to supply the anterior temporal region. Despite its distribution pattern, the
integrity of the nerve is rarely an issue during elevation of a coronal flap. The vessels
in proximity to the lateral forehead include the frontal and parietal branches and the
middle temporal branch of the superficial temporal artery. The middle temporal
artery branches from the superficial temporal artery just above the zygoma and per-
forates the temporal fascia and muscle to ascend on the squamous portion of the
temporal bone. This artery is often sacrificed in exposure of the zygomatic arch
via the coronal approach. Approximately 5 cm above the zygoma, the superficial
temporal artery divides into frontal (anterior) and parietal (posterior) divisions that
travel within the temporoparietal (superficial temporal) fascia. The frontal division
courses tortuously upward toward the lateral frontal region, and the parietal division
courses upward and backward above the ear.

The supraorbital and supratrochlear neurovascular bundles provide sensation
and blood supply to the central forehead. The supraorbital neurovascular bundle

Figure 2 Course of frontal nerve (within the lines).
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exits the orbit through a foramen or notch located in the center of the supraorbital
rim, on line with the infraorbital and mental foramina. The bundle ascends approxi-
mately 2 cm, just above the periosteum, into the forehead before piercing the fronta-
lis muscle to continue in the subcutaneous plane. The supratrochlear neurovascular
bundle is smaller than the supraorbital and exits the upper medial angle of the orbit
to supply the skin and subcutaneous tissues of the medial portion of the upper eyelid
and medial forehead.

Surgical Technique

The incision for the coronal approach extends between the preauricular creases over
the vertex. Inadequate preauricular extension of the incisions hampers release of the
flap and exposure of the craniofacial skeleton. The vertex part of the incision should
be placed behind the hairline. However, placement of the incision too posteriorly will
provide a flap that is excessively long, making its anterior transposition awkward. In
male patients, the incision may have to be placed more posteriorly due to a receding
hairline. Subcutaneous injection of an epinephrine-containing local anesthetic along
the proposed incision line is helpful for hemostasis. A limited head shave extending
approximately 1 cm out from the incision is helpful to avoid the annoyance of having
to sweep unruly hairs out of the wound. The incision is carried down to, or through,
the periosteum depending on the plane of dissection. Hemostasis at the wound edge
may be controlled with electrocautery or semicircular hemostatic clips (Raney clips).
The coronal flap may be dissected in an avascular plane, above the level of the peri-
osteum, or in a subperiosteal layer. Dissection below the periosteum preserves a
potential pericranial–galeal flap on the undersurface of the coronal flap. The pericra-
nial-galeal layer may be dissected off the coronal flap later in the case, if needed.
Completion of the preauricular dissections allows flap eversion to facilitate inferior
exposure. A few centimeters above the supraorbital rims the periosteum is incised
horizontally and further dissection proceeds in a subperiosteal plane. Dissecting
under the periosteum protects the supraorbital and supratrochlear neurovascular
bundles. If a pericranial flap is planned, the periosteum must be incised to the desired
length of the flap. The supraorbital and supratrochlear neurovascular bundles must
be released medially by curetting their bony attachments, if necessary, allowing full
exposure of the medial orbits and nasal bones. The temporoparietal fascia is pre-
served laterally within the flap, and, approximately 1 cm above the level of the zygo-
matic arch, the superficial layer of deep temporal fascia is incised horizontally along
the entire length of the arch (at the temporal line of fusion). This exposes the tem-
poral fat pad and represents the new plane of dissection for exposure of the zygo-
matic arch. Entering the deep temporal fat pad space provides an additional tissue
layer between the plane of dissection and the frontal branch of the facial nerve
(Fig. 3). Previous surgery or trauma in the area may distort tissue planes and alter
the usual course of the nerve. Therefore, entering this deeper plane, below the level
of the superficial layer of deep temporal fascia, is essential to protect the nerve. Sub-
periosteal dissection, anterior and posterior to the arch, provides ample exposure to
displaced and comminuted zygomatic arch fractures. Joining this dissection with the
medial dissection, along the temporal line, allows full exposure of the lateral orbital
rim and zygomaticofacial suture. Wound closure after replacement of the coronal
flap consists of either a layered closure or a full-thickness single-layered closure.
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Complications

Complications include widened scars, peri-incisional hair loss, sensory deficits, fron-
talis nerve injury, temporal fossa depression, hematoma formation, infection, and
corneal abrasion. Few patients complain of widened scars, but minor depressions
in the areas where split calvarial bone grafts are harvested may be of concern to
the patient. Hair loss within 1 cm of the incision may be seen, possibly from pro-
longed use of Raney clips. The hair loss usually resolves over a period of several

Figure 3 A, periosteum; B, loose areolar tissue; C, galeal aponeurosis; D, connective tissue;
E, skin; F, deep temporal fat pad; G, superficial layer of deep temporal fascia; H, temporalis

muscle.
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months. Sensory deficits posterior to the incision are common but usually well tol-
erated. Most patients will experience altered sensation of the vertex that improves
dramatically within 1 month. Forehead sensory deficits from injury to the supraor-
bital or supratrochlear nerves are uncommon. Permanent frontalis nerve deficits are
more common in revision cases in which scarring may obscure the division of fascial
layers (Fig. 4). Temporal fossa depressions are usually only seen in patients who
have experienced severe underlying trauma to the region. Hematomas and infections
are rarely seen due to the excellent collateral vascularity of the scalp. Corneal abra-
sions may be secondary to the pressure exerted on corneal protectors after flap ever-
sion; simple temporary lateral tarsorrhaphy will usually avoid this complication.

TRANSCUTANEOUS AND TRANSCONJUNCTIVAL
APPROACHES TO THE ORBIT

Transcutaneous Approaches

Three transcutaneous incisions are described for exposure of the orbital rim and
floor: subciliary, lower eyelid, and orbital rim (3). The subciliary incision is placed
2mm below the lower lid margin extending medially on an imaginary line dropped
from the punctum and laterally into a skin crease. The pretarsal orbicularis is pre-
served by raising a skin-only flap over the lower lid. The orbicularis muscle can be
transected horizontally at the inferior border of the tarsus or closer to the orbital

Figure 4 Left frontal nerve paralysis with resulting eyebrow ptosis.
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rim. Once the muscle is breached, the orbital septum is encountered and the dissec-
tion proceeds inferiorly to the rim and arcus marginalis. The periosteum is sharply
incised over the orbital rim inferior to the confluence of the orbital floor periosteum,
orbital septum, and maxillary periosteum (i.e., arcus marginalis).

The lower eyelid incision is placed through a skin crease midway between the
inferior tarsus and the inferior orbital rim. A skin–muscle or skin-only flap is raised
and the rim and floor are exposed as in the subciliary approach. The orbital rim inci-
sion is placed at the level of the inferior orbital rim and deepened directly to perios-
teum. Exposure of the orbital floor proceeds as in the subciliary and lower eyelid
approaches.

A visible scar results from all of the transcutaneous approaches, but only rarely
is the scar prominent or noticeable to the casual observer. Ectropion is the major
concern after a transcutaneous approach, and it is most often associated with the
subciliary incision. To minimize the incidence of postoperative ectropion, the pretar-
sal portion of the orbicularis oculi muscle should be preserved to support the lower
lid and lessen the effects of scar contracture. The lower eyelid and orbital rim inci-
sions are less likely to cause ectropion despite the creation of more conspicuous
scars.

Transconjuctival Approach

The transconjunctival approach was described in the early 1900s and popularized in
the 1970s by Converse et al and Tessier (4,5). It was originally viewed as an approach
that minimized scarring and morbidity while providing adequate access only for
orbital floor fractures. However, when the conjunctival incision is combined with
a lateral canthotomy and inferior cantholysis, access to the orbital floor and inferior
orbital rim is equivalent to that attained by the transcutaneous routes. As experience
with these techniques increased, the transconjunctival approach, with or without lat-
eral canthotomy and cantholysis, was found to be associated only rarely with lower
lid malpositions (e.g., ectropion) compared to the transcutaneous approaches. The
transconjunctival approach avoids violation of the lower eyelid skin and orbicularis
oculi muscle. In addition, the lower eyelid retractors are divided, resulting in a
reduced tendency for postoperative lower eyelid retraction, scleral show, and ectro-
pion. A transconjunctival approach may occasionally be impossible due to factors
that tend to obliterate the inferior fornix such as persistent chemosis, orbital prop-
tosis, intense lower eyelid edema, or traumatic lower eyelid avulsion or injury. In
these cases, a transcutaneous approach is warranted.

The transconjunctival approach is often used in cosmetic surgery for excision
of excess orbital fat. There are important differences in the technique for exposure
of orbital fat and the more extensive dissection necessary for exposure of the orbital
rim and floor without breaching the orbital septum and fat. In addition, superior
cantholysis, a technique used for wide exposure of the lateral rim and orbit for tumor
surgery, is useful for exposing and plating the zygomaticofacial suture.

Surgical Anatomy

A thorough understanding of the anatomy of the lower eyelid is essential to max-
imize surgical exposure while minimizing the risk of injury to adjacent structures.
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An intimate knowledge of the following spaces and structures is necessary: inferior
fornix, inferior tarsus, inferior lid retractor, capsulopalpebral fascia, orbital sep-
tum, orbital fat, orbicularis oculi muscle, inferior rectus muscle, and inferior obli-
que muscle. The inferior fornix is the space between the lower eyelid and the
eyeball and is enveloped by conjunctiva. The inferior tarsus is a fibrocartilaginous
structure approximately 5mm high that spans the free edge of the lower eyelid.
The capsulopalpebral fascia is the anterior aponeurotic extension of the inferior
rectus muscle. On downgaze, the capsulopalpebral fascia probably acts to maintain
apposition of the lower lid and globe. The lower lid also passively moves inferiorly
a few millimeters assisted by relaxation of the pretarsal orbicularis muscle, gravity,
and contact with the cornea. There is no well-developed nonstriated muscle (osten-
sibly known as Horner’s muscle) similar to Mueller’s muscle of the upper eyelid
present in the lower eyelid complex. The orbital septum is an extension of the orbi-
tal periosteum and the periosteum over the face of the maxilla. This trifurcation of
fascias along the inferior orbital rim represents the inferior arcus marginalis. The
orbital septum encloses the orbital fat and extends anterosuperiorly to within a
few millimeters along the inferior border of the tarsus. The inferior oblique muscle
lies within the orbital fat near the anterior margin of the orbit. It originates from
the orbital floor in the medial one-third, and, coursing in a posterolateral direction
below the inferior rectus muscle, inserts into the sclera beneath the lateral rectus
muscle. The inferior oblique muscle is often visualized during exploration of the
orbital floor or during procedures that violate the orbital fat (e.g., blepharoplasty)
and is susceptible to inadvertent injury.

Surgical Technique

The first consideration is protection of the cornea and globe. Corneal protectors
(crescent-shaped plastic or metal shields) offer good protection against corneal
abrasions and burns but they can migrate over the surface of the globe and expose
the cornea to inadvertent injury. A variety of retractors designed to protect the
cornea in lieu of, or in addition to, a corneal shield are available, the most popular
of which is the Jaëgar retractor (Storz, St. Louis, MO) (Fig. 5). This retractor is
contoured to the shape of the globe and extends into the inferior fornix. The
operator is usually constantly aware of its position since it requires manipulation
during the procedure for optimal visibility in the depths of the wound. The protec-
tive function of the Jaëgar retractor can be supplanted later in the procedure by
pulling the inferiorly-based conjunctivo-capsulopalpebral flap over the corneal sur-
face using traction sutures.

Loop magnification is helpful to identify accurately the layers of the lower
eyelid. There are two basic methods to expose the orbital rim and floor via the trans-
conjunctival approach: the retroseptal approach and the preseptal approach. The
retroseptal approach involves creating a horizontal incision between the lower bor-
der of the tarsus and fornix through the capsulopalpebral fascia and entering orbital
fat. As the fat is retracted posteriorly, the dissection proceeds to the orbital floor
where the periosteum is incised widely to expose the rim and the floor of the orbit.
Although the retroseptal approach is a popular method for transconjunctival ble-
pharoplasty (this procedure is limited to fat excision without further dissection),
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the prolapsing fat can be a nuisance in exposing the orbital rim and floor. Avoidance
of orbital fat is helpful to maximize the surgical exposure and prevent inadvertent
injury to the inferior oblique muscle that may be obscured by the prolapsing fat.
The preseptal approach does not breach the orbital fat and is the preferred method
with which to expose the orbital floor (Fig. 6).

In preparation for the preseptal approach to the orbital floor, the surgeon
should stand at the head of the operating table and evert the lower eyelid to view
the inner aspect of the inferior tarsus. A horizontal incision is made inferior to the
tarsus (approximately 6mm below the lid margin, or 1mm inferior to the inferior
border of the tarsus) extending just lateral to the orifice of the inferior canaliculus.
Bleeding is minimized with use of a sharp-tipped electrocautery device for the inci-
sion and subsequent dissection. Deepening the incision through the capsulopalpebral
fascia above the divergence of the fascial layers that enclose the orbital fat (capsulo-
palpebral fascia and orbital septum) prevents orbital fat from prolapsing into the
wound. The capsulopalpebral flap is pulled over the surface of the globe to protect
the cornea (Fig. 7). The orbicularis oculi muscle is visualized and the plane between
the muscle and orbital septum anterior to the orbital fat is developed by a combina-
tion of blunt and sharp dissection. The orbital rim is encountered and the dissection
continues over the rim approximately 1mm before the periosteum is sharply divided
anterior to the inferior arcus marginalis. A subperiosteal plane is entered and
widened posteriorly over the bony orbital floor and anteriorly over the inferior orbi-
tal rim. This exposure allows evaluation and repair of fractures involving the orbital

Figure 5 The Jaëgar retractor.
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floor and inferior orbital rim. Closure is accomplished by sutureless repositioning of
the wound edges; care should be taken to avoid any overlap that could lead to hori-
zontal shortening of the lower lid and ectropion. Lower eyelid support using Steri-
strips or a Frost suture will aid in avoiding conjunctival wound edge overlap.

Although the transconjunctival approach provides ample exposure for the
orbital floor, lateral canthotomy and inferior cantholysis improve access to the orbi-
tal rim for open fracture reduction and fixation. The addition of these procedures
adds little morbidity to the procedure and can be useful adjuncts in selected patients.
At the conclusion of the procedure, the inferior canthal tendon should be carefully
sutured (nonabsorbable suture) above and slightly behind its original attachment
at Whitnall’s tubercle. The orientation of the lower eyelid with respect to the upper
eyelid in this area should be confirmed visually so that the lower eyelid curves gently
superiorly to fall just behind the lateral extent of the upper eyelid. The lateral
canthotomy incision is closed in layers.

Figure 6 The transconjunctival preseptal approach to the orbital floor and rim.
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Although beyond the usual domain of the transconjunctival approach, the lat-
eral orbital rim can be exposed in continuity with the inferior orbital rim, orbital
floor, and lateral orbital wall by combining the transconjunctival approach with a
lateral canthotomy and superior cantholysis. This combination is useful for expos-
ing important landmarks and fracture sites in zygomatic complex fractures. The
technique, after a typical lateral canthotomy is performed, involves grasping the
superior lateral lid and locating the tendon by tweaking it while on stretch. Before
the tendon is cut, a fine nonabsorbable suture is passed both proximally and distally
to the proposed cut mark the exact location of the tendon stumps for reapproxi-
mation. After cantholysis, the lid is freed to retract upward and a subperiosteal
dissection is developed over the lateral rim including wide exposure of the zygoma-
ticofacial suture. After manipulation and rigid fixation of the lateral rim fracture(s),
the ends of the previously placed sutures are tied resulting in precise relocation of
the lateral upper lid.

Complications

The reported complication rate using the transconjunctival approach for cosmetic
purposes is relatively low (6). Complications using this approach for trauma include
transient lower eyelid retraction and scleral show, noticeable lateral canthal scar, and
inferior displacement of the lateral canthus. Potential complications including pro-
longed chemosis, granulation tissue, infection, true ectropion, canthal dehiscence,
canalicular injuries, and iatrogenic eye injuries were not observed by Fedok in
his review using the transconjunctival approach in cases of trauma (7). However,

Figure 7 The capsulopalpebral flap is pulled over the surface of globe to protect the cornea.
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granuloma formation resulting in a pedunculated mucosa-covered mass along the
transconjunctival incision may occur more often than reported (Fig. 8). If it is dis-
tressing to the patient or obscures the visual axis, it will require secondary excision.
Cicatrical ectropion due to excessive overlapping of the free edges of the incision
along the horizontal extent of the lower eyelid can result in scleral show requiring
scar release later. This can be avoided by carefully pulling the lower eyelid superiorly
at the conclusion of the operation to prevent any incisional overlap or by suspending
the lower eyelid with a Frost suture or Steri-strips for 24–48 h. Overall, the occur-
rence of ectropion is much lower using the transconjunctival approach (3%) than
the conventional transcutaneous approach (28%).

ENDOSCOPIC SUBCONDYLAR FRACTURE REPAIR

Description and Indications

The endoscopic approach for subcondylar fracture repair provides a magnified view
of the lateral mandible and condylar space for percutaneous trocar-assisted fracture
manipulation and plating (8). Conventional surgical approaches to the condyle for
trauma are via transcutaneous preauricular and submandibular (Risdon) incisions.
However, these conventional approaches are associated with a significant risk of
stretch-related neuropraxia or transection of the facial nerve and significant facial
scarring. The endoscopic approach drastically reduces the risk of transection and
stretch-related injuries to the facial nerve and may broaden the indications for the
open repair of displaced condylar fractures.

Figure 8 Incisional granuloma occuring after surgery using the transconjunctival approach.
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Several preoperative factors must be evaluated before deciding to treat a sub-
condylar fracture using the endoscopic approach. In adults, the condylar head is
rarely (10–20%) displaced out of the glenoid fossa and, even if it is displaced, it does
not preclude an endoscopic approach. However, the location of the proximal frac-
ture has a major impact on the difficulty of reducing the fracture endoscopically.
The proximal condylar fracture segment is usually displaced laterally over the
ascending ramus. This is a favorable position since the proximal segment can be
depressed from the lateral direction and pushed back into its normal anatomical
position much like a partially displaced puzzle piece. However, if the proximal seg-
ment is displaced to the medial side of the ramus, or if there is extensive comminu-
tion, endoscopic distraction and reduction are very difficult and this approach may
not be successful. Intracapsular fractures or fractures without sufficient intact distal
bone to allow two-screw fixation are also not amenable to this approach. Subcondy-
lar fractures in pediatric patients should be treated with closed reduction since open
treatment may result in stunted mandibular growth. These fractures are better toler-
ated in children, and with continued growth of the mandible the posterior mandib-
ular height and condylar malpositions often normalize.

Endoscopic repair of midface and zygomatic complex fractures is described but
offers few advantages over conventional techniques. In these cases, the endoscope is
primarily used to visualize direct placement of plates over the zygomatic arch
(9,10). However, direct plating of the zygomatic arch is rarely necessary. Lee et al.
introduced the endoscope through the dehiscent anterior maxillary sinus to repair
an orbital floor defect from below. This was accomplished by removing bone frag-
ments from the orbit, reducing orbital structures back into the orbital space, and
identifying the stable edges of the floor defect. Titanium mesh was then inserted into
the orbital space supported by the remaining stable bony margins of the orbital floor
defect. In cases of isolated orbital blowout fractures, the transantral endoscopic
approach requires further study. It may be a valuable alternative approach that
avoids dissection of the preseptal tissues and eyelids.

Surgical Technique

The patient should be placed in maxillomandibular fixation using rubber bands to
allow a minor degree of mandibular adaptation while reducing the subcondylar frac-
ture. A 30 degree endoscope is inserted through an intraoral buccal sulcus incision
over the oblique line of the mandible. The endoscope is connected to a video monitor
to provide a magnified view. A space for the endoscope is created by elevating the
periosteum off the entire lateral ramus of the mandible. A trocar is inserted percuta-
neously to keep the cavity expanded and for fracture manipulation and screw place-
ment. In the usual case, the proximal fragment of the condyle protrudes over the
ramus, allowing fracture reduction by manipulating the trocar over this segment
and maneuvering the displaced condylar segment back into alignment. A miniplate
is introduced through the buccal incision and screws are placed through the trocar
to achieve rigid fixation. At the conclusion of the operation, the maxillomandibular
fixation may be removed. Clinical experience with this technique is limited. With
existing instrumentation, this approach is difficult and awkward. However, the
promise of new instruments designed for the purpose of endoscopic repair of subcon-
dylar fractures should surmount the technical difficulties.
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Complications

Compared to the conventional transcutaneous approaches, the endoscopic approach
has been associated with few problems. Lee et al., in a series of 20 patients under-
going endoscopic subcondylar fracture repair, found that only one complication
occurred: a temporary facial nerve palsy. This occurred in a patient in whom the
proximal segment of the fracture was displaced medial to the ramus, resulting in pro-
longed and aggressive manipulation using the trocar.

SUBCRANIAL APPROACH

Description and Indications

The subcranial approach was popularized by Raveh et al. as an alternative to fron-
tal craniotomy for the open repair of extensive frontonaso-orbital and skull base
fractures (11). Since patients with extensive craniofacial trauma often have frontal
lobe contusions, treatment is often delayed using the traditional methods of frac-
ture exposure through combined frontal craniotomy and inferior (facial) surgical
approaches due to the added risk of frontal lobe retraction. The subcranial
approach provides extensive access to the anterior skull base, allowing the open
repair of upper facial and intracranial injuries while avoiding craniotomy and fron-
tal lobe retraction. In some cases, a conservatively tailored craniotomy may be
added to the subcranial approach, if required. It is possible to repair dural tears
along the cribriform plate and orbital roofs, align the entire subcranial undersur-
face with fascia lata, debride and reduce herniated brain tissue, and reduce intra-
cranial bone fragments. The anatomical structures that can be exposed within
the same surgical field include the orbits, nasoethmoid complex, optic canals, lat-
eral orbital rims, frontal sinuses, undersurface and face of the frontal lobe posterior
to the frontal sinuses, and cavernous sinuses.

Extensive fractures surrounding the frontal lobes, including those involving the
posterior wall of the frontal sinus, and extensive cribriform plate or orbital roof dis-
ruptions, have traditionally been approached via frontal craniotomy. The bone flap,
consisting of the frontal bone and frontal sinuses, was taken to a back table and the
posterior sinus walls removed. The fractures, including those involving the anterior
table of the frontal sinus, would then be wired or plated. At the surgical site, frac-
tures and dural tears along the anterior skull base were repaired, necessitating retrac-
tion of the frontal lobe. Optic nerve decompression, if necessary, was performed
simultaneously. At the completion of the procedure, the bone flap was replaced to
allow the frontal lobe to fall forward, resulting in cranialization and obliteration
of the frontal sinuses after the frontonasal ducts were plugged.

The subcranial approach often obviates the need for craniotomy, frontal lobe
retraction, and manipulation that could lead to iatrogenic frontal lobe and dural
injury. In addition, in patients with severe frontal lobe brain injury and optic nerve
compression, the subcranial approach can provide access for optic nerve decompres-
sion that avoids retraction on the acutely injured frontal lobe. The advantages of the
subcranial approach over the intracranial approach include the following:

No need for frontal lobe retraction
Preservation of the olfactory nerves
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Decreased risk of iatrogenic brain and dural injury
Combined simultaneous access to all the components of a severe frontonaso-

orbital and skull base injury
The ability to align the entire subcranial undersurface with fascia lata
More complete optic nerve decompression (vs. via an intracranial route)
Reduction of telecanthus through bilateral open visualization of the medial

canthal ligaments and associated dislocated bony fragments
Ease and accuracy of placement of bone grafts
Early definitive management of the skull base and external facial fractures in

one stage

Although the subcranial approach is possible in most cases of frontonaso-orbi-
tal fractures, bone fragments involving the sagittal sinus may require a craniotomy for
proximal and distal vascular control. Orbital pathological conditions may preclude or
limit the amount of inferior traction that can be applied during the subcranial
approach. Preoperative consultation with a neurosurgeon and ophthalmologist is
essential. In cases that require craniotomy to assess and treat associated frontal intra-
cranial injuries not accessible via the subcranial approach, addition of the subcranial
approach with the transfrontal approach (craniotomy) is usually unnecessary (12).

Early definitive repair (within 48 h) is desirable for severe upper facial and ante-
rior skull base fractures. Raveh et al. refer to the initial 24–48 h after the injury as the
golden period: an ideal time of fracture repair. Repair within this time period avoids
several disadvantages associated with delaying fracture repair for a period of several
days to weeks: sinus obstruction, lymphatic disruption, edema, infection, granula-
tion tissue and unfavorable scar formation, delay of optic nerve decompression (if
needed), and prolonged stays in the intensive care unit. Once this window of oppor-
tunity passes, a delay of 10–20 days is appropriate to allow for resolution of soft tis-
sue swelling and ecchymosis.

Early definitive fracture management (within 24–48 h) is one of the foremost
advantages of the subcranial approach in patients in whom craniotomy and frontal
lobe manipulation are contraindicated because of severe frontal lobe injury. To jus-
tify using this approach in this circumstance, the advantages of early single-stage
fracture repair must outweigh the risk to the patient of the operation itself. Early
definitive fracture repair is advantageous, but the risks of any operation on the well
being of the patient must be carefully considered. Any additional risk cannot be jus-
tified if definitive fracture repair can be safely performed within 3 weeks. Only in
approximately half of the patients was definitive one-stage management possible less
than 48 h after the injury in a large series (13).

Surgical Technique

The subcranial approach is performed via a coronal incision with a coronal flap
turned down over the superior and lateral orbital rims, providing access to the nasal
bridge, ethmoids, orbits, and frontal bone. The anterior skull base is exposed later-
ally by retracting the orbital contents inferiorly (Fig. 9). Medial exposure is facili-
tated by complete ethmoidectomy and judicious removal of the fovea ethmoidalis
while preserving the olfactory nerves. The face of the frontal lobe is exposed by
removing the posterior wall of the frontal sinus. The optic canal is exposed after
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complete ethmoidectomy and wide sphenoidotomy, allowing the medial optic canal
wall to be removed.

Bone fragments are disimpacted and removed from the anterior skull base, and
dural lacerations closed or repaired with large continuous sheets of fascia lata. Dis-
impacted and free bone fragments are replaced or the skull base is reconstructed with
split calvarial bone grafts, if necessary. The posterior wall of the frontal sinus is
replaced or reconstructed and a large Portex tube is placed within the area of the fron-
tonasal duct and left in situ for several weeks. External facial fractures of the orbital
rims, floor, and nose are repaired in the usual manner. Traumatic telecanthus can be
repaired accurately because of the wide exposure provided by this approach. The
naso-orbital complex and canthal ligaments are precisely positioned and compressed
into place by a combination of wire osteosynthesis and plates.

Complications

Blockage or loss of the Portex tube may result in acute frontal sinusitis in the sub-
cranial compartment and vision loss due to pressure at the orbital apex. Revision
surgery and replacement or opening the bore of the tube can be therapeutic but

Figure 9 Typical surgical exposure for the subcranial approach.
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vision loss may be permanent despite these maneuvers. The complications associated
with the coronal flap are described above.

OPEN SKY TECHNIQUE

Description and Indications

The open sky technique was described by Converse in 1970 as a surgical
approach to comminuted naso-orbital fractures (14). The nasal framework is
the weakest and most vulnerable portion of the facial skeleton, and severe blunt
trauma over the bridge of the nose can result in a telescoping impaction of
nasal, orbital, and intracranial structures. Typical findings in a patient with a
naso-orbital fracture include a depressed nasal root, prominent epicanthal folds,
widened intercanthal distance, and foreshortened palpebral fissures. Naso-orbital
fractures are frequently associated with orbital blowout fractures, maxillary Le
Fort fractures, zygomatic complex fractures, or intracranial injury. Computed
tomographic (CT) scanning is necessary to evaluate for associated regional inju-
ries because they may warrant a different or more extensive surgical approach.
The open sky approach allows a complete examination and open repair of the
nasofrontal ducts, medial canthal tendons, nasal bones, frontal processes of the
maxillae, medial orbital walls, ethmoid labyrinths, orbital apex, lacrimal bone,
and lacrimal sacs.

Surgical Technique

Bilateral vertical incisions are placed (Lynch-type) over the lateral wall of the nose
midway between the nasal dorsum and medial canthus. The incision extends no
more than 1 cm below the medial canthus and may extend into the medial eye-
brow. The vertical incisions are joined by a transverse incision across the nasal
root and subperiosteal dissection proceeds over the nasal dorsum, lateral nasal
walls, and frontal processes of the maxillae (Fig. 10). To improve the cosmetic
appearance of the scars and minimize distortion of surrounding structures, the ver-
tical incisions should be in the form of a running W-plasty. The lacrimal sac may
be lifted laterally in the subperiosteal plane and further dissection can proceed
intraorbitally to expose the ethmoidal arteries, lamina papyracea, and face of the
sphenoid. The floor of the frontal sinus can be widely opened and stented, if
desired. Wire osteosynthesis and plating can proceed after the bone fragments
and medial canthal ligaments are repositioned. Repair of the lacrimal apparatus
can be done under direct vision.

Complications

Complications associated with the open sky approach include conspicuous or
malpositioned scars and iatrogenic injury to the globes. The corneas should
be meticulously protected with corneal shields or by temporarily suturing the
eyelids.
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EXTRACRANIAL TRANSSPHENOETHMOIDAL APPROACH
FOR OPTIC NERVE DECOMPRESSION

Description and Indications

Profound visual loss following maxillofacial injury is uncommon, occurring in
approximately 2% of cases (15). The causes of traumatic profound visual loss are
myriad and include hyphema, dislocated lens, retinal detachment, vitreous hemor-
rhage, scleral rupture, retrobulbar hematoma, cortical blindness, and optic neuropa-
thy. Surgical decompression of the optic nerve is indicated only for traumatic optic

Figure 10 Open sky approach.
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neuropathy that results from nerve contusion, compression, or impingement, and
represents a vast minority of cases. Nevertheless, the seriousness of the injury and
the potential gain from surgical decompression have brought the subject of optic
nerve decompression to the forefront in the surgical planning of the open reduction
of severe facial fractures.

Proposed mechanisms of injury to the intracanalicular portion of the optic
nerve include posttraumatic edema and ischemia as the nerve swells within the canal,
stretching injury at the anterior foramen as the nerve is tethered in opposition to the
firmly fixed nerve within the canal, and direct fracture impingement or impalement
of the nerve. A patient can have traumatic optic neuropathy with no fracture of the
optic canal. However, a nearly universal finding in patients with traumatic optic neu-
ropathy is impact over the area of the ipsilateral brow. Even a relatively minor
degree of pressure on the brow has been shown to result in deformation of the bone
of the optic foramen (16).

Vision that progressively deteriorates after impact suggests a reversible process,
such as extra-axial hemorrhage or direct nerve compression, which may be success-
fully treated by optic nerve decompression surgery. However, blindness immediately
lost on impact suggests irreversible damage, such as laceration, avulsion, or severe
contusion, and surgical decompression will probably not be effective (17). Given
the current level of understanding regarding the benefits of optic nerve decompres-
sion in the trauma setting, decompression should be reserved only for patients with
sight who experience vision deterioration or fail to recover a significant sight deficit
(20=200). Although this action is based mainly on inferential evidence from spinal
trauma studies, all patients should be given a trial of high-dosage corticosteroid ther-
apy prior to decompression. The corticosteroid regimen and time course leading to
surgical decompression vary among institutions. The International Optic Nerve
Trauma Study in 1999 prospectively compared the outcome of 133 patients with
traumatic optic neuropathy treated with corticosteroids, optic canal decompression
surgery, or observed without treatment (18). Based on treatment received within 7
days of the injury, there were 9 untreated patients, 85 corticosteroid-treated patients,
and 33 patients who underwent decompression surgery. There were no significant
differences in the improvement in visual acuity between any of the groups. Timing
of surgery and the timing and dosage of corticosteroid therapy also did not affect
the visual outcome. The main conclusions of the study were that no specific therapy
should be considered standard of care and that decisions to treat or not to treat
should be made on an individual basis (18).

Traumatic optic neuropathy may be present when loss of vision results from
facial injury that cannot be explained by pathological conditions in the globe,
intracranial portion of the optic nerve, or visual cortex. The first sign of visual loss
may be subtle, such as a decrease in color vision (detection of the color red), visual
field defects, or acuity. Peripheral retinal fibers travel on the peripheral part of the
optic nerve, making them more vulnerable to traumatic injury. Documentation of
visual fields is required since constriction of the optic fields due to optic nerve
compression may be present with normal central visual acuity. A detailed neuro-
ophthalmological examination is essential prior to the diagnosis and treatment
of traumatic optic neuropathy.

Visual acuity and field testing may be impossible in intoxicated, sedated, or
unconscious patients. Even the assessment of pupil size and reactivity may be
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impossible due to preseptal swelling and ecchymosis. Although not widely used,
visual evoked potential (VEP) recordings can detect the function of optic nerve
initially in patients who have abnormal pupillary function, and VEPs are more
accurate than pupillary function in assessing the true state of the optic nerve
(19). In cases of pupillary dysfunction, VEPs can corroborate the clinical findings.
If the pupils cannot be assessed adequately, VEPs may be the only functional test-
ing available on which to base a decision regarding the need for optic nerve
decompression.

Recording of flash VEPs is a noninvasive electrophysiological technique that
assesses the integrity of the visual pathway. A stroboscopic light stimulus is pre-
sented to each eye with the aid of goggles containing a set of light-emitting diodes.
Computer-aided signal amplification of the cortical responses results in a typical
peak with an approximate latency of 100ms. The visual stimulus (strobe light) must
reach an intact retina, and conditions resulting in diminution of the stimulus such as
eyelid closure, edema, or hematoma can result in attenuation of signal amplitude.
Although these factors must be considered, even in their presence a sufficient
amount of light can usually filter through to stimulate the retina and optic nerve.
However, adequate stimulation may not be possible in cases of hyphema, vitreous
hemorrhage, and severe retinal detachment. The output is variable and each labora-
tory must establish its own standard. Only extinct or extremely prolonged VEPs
should be considered abnormal. Corneal and retinal abnormalities must be ruled
out, as well as intracranial pathology.

Several questions pertinent to optic nerve decompression remain, including the
following

1. Which patients benefit from decompression?
2. When should treatment begin?
3. Should steroids be given in conventional or megadoses?
4. How long should the steroids be given?
5. Are corticosteroids always helpful?
6. Are the various extracranial approaches equivalent?
7. To what extent should the optic canal be opened?
8. Should the annulus of Zinn also be opened?

It is difficult to determine which patients will benefit from optic nerve decom-
pression. The literature is replete with reports of patients benefitting from decom-
pression in cases of tumor or Grave’s orbitopathies, even after long periods of
visual loss (20–22). A recent meta-analysis of several retrospective traumatic optic
neuropathy studies revealed several important findings. First, patients with trau-
matic vision impairment benefitted from either steroids or decompression surgery
compared with patients receiving no treatment. Second, recovery of vision was
related to the severity of the initial injury. Patients with no light perception did
not regain vision regardless of treatment modality. Despite the analysis of a rela-
tively large number of studies, there were no conclusions regarding absolute indica-
tions for optic nerve decompression surgery. Management of patients with traumatic
optic neuropathy in institutions offering optic nerve decompression surgery includes
the following recommendations:
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1. Patients with no light perception do not benefit from decompression
surgery.

2. All patients should be give a trial of high or megadose intravenous steroids
before being considered for decompression.

3. The best candidates for decompression are patients in whom vision was
documented to be present or normal, who then experienced visual loss
despite administration of steroids.

4. Patients without optic canal fractures demonstrable by CT scanning have a
better prognosis after optic nerve decompression.

5. The extracranial approach provides superior access and more complete
decompression of the optic nerve than the intracranial approach.

Megadose steroid treatment involves the use of methylprednisolone sodium
phosphate in divided dosages of 15–30mg=kg=day for 3 days followed by an oral
tapering dose. Vision is monitored; if it deteriorates during the taper, the dosage is
increased and the regimen is repeated. The timing of surgery is dependent upon
the results of serial vision evaluations. If vision deteriorates despite administration
of megadose steroids, surgical decompression is offered, ideally within the first 48–
72 h. Postoperative care consists of three doses of an intravenous antistaphylococcal
antibiotic and steroid administration for an additional 24–48 h. An oral antibiotic is
given for 10 days.

Optic nerve decompression describes decompression of the optic nerve in
its bony canal and can be accomplished by an intracranial route or by various
extracranial routes. Extracranial nerve decompression appears to be more effec-
tive for patients with traumatic optic neuropathies, providing better access for
decompression of the anterior aspect of the optic foramen and the fibrous annu-
lus of Zinn.

Surgical Anatomy

The intracranial portion of the optic nerve is enveloped by arachnoid and dura, and,
as the optic nerve exits the canal to enter the orbital cavity, the dura splits into an
outer layer and an inner layer. The outer layer is continuous with the orbital perio-
steum and the inner layer continues as the nerve’s dural cover. The intracranial
portion is approximately 10mm in length, the intracanalicular portion is also
approximately 10mm, and the intraorbital portion measures 30mm from the optic
canal to the back of the globe.

The optic canal narrows distally as it approaches the orbit, and the densest and
narrowest part is found at the optic ring. The bony partition that separates the eth-
moid sinus from the sphenoid sinus forms a significant part of the optic ring medi-
ally. The thickness of the medial canal wall averages 0.21mm while the medial wall
of the optic ring averages 0.57mm (23). The length of the optic canal varies from 5.5
to 11.5mm. The mean distance from the anterior lacrimal crest to the anterior eth-
moidal foramen is 23mm; to the posterior ethmoidal foramen, 36mm; and to the
optic canal, 41mm. In more than 3% of cases bone is missing over the optic nerve,
posterior to the optic ring, as it traverses the sphenoid sinus. This leaves the nerve
and its dural sheath covered only by sphenoid sinus mucosa.
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Surgical Technique

A medial approach to the optic nerve is the route of choice in most cases, even if the
CT scan demonstrates a fragment of bone impinging on or compressing the optic
canal laterally. The medial approach is technically easier than the lateral approach
and will allow decompression of the orbital apex and canal without manipulation
of surrounding bone fragments. Nevertheless, a lateral facial approach is described
to decompress the optic nerve for patients with comminuted lateral orbital fractures
(24). The lateral facial approach is a well-described surgical approach to the naso-
pharynx and infratemporal fossa for tumor excision. Instead of a resection of the
zygomatic arch and lateral orbital wall, these structures are simply lifted away as
components of the facial fracture. Removal of the greater wing of the sphenoid
and retraction of the frontal and temporal lobes is necessary to visualize and decom-
press the optic canal completely. Although the lateral facial approach may be effec-
tive in selected patients, the medial approach is often more direct and technically
easier in the majority of patients.

The most common surgical approach for extracranial optic nerve decompres-
sion is external transethmoidal (25). Other notable extracranial approaches include

Figure 11 External transethmoidal approach to the optic foramen. A, sphenoid sinus;
B, optic nerve; C, retractor; D, medial optic canal bone removed for decompression (shaded);
E, lateral optic bony canal.
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the endonasal transethmoidal (26), endonasal microscopic transethmoid–sphenoid
(27), endoscopic endonasal transethmoid–sphenoid (28), sublabial transnasal (29),
and transantral transethmoidal (17).

The incision for the external transethmoidal approach is placed vertically
midway between the nasal dorsum and medial canthus, from the frontoethmoidal
suture to the inferior margin of the lateral nasal bone. Through a subperiosteal
dissection along the medial orbital wall, the lamina papyracea is breached and
fractured medially to reach the ethmoidal air cells. A complete ethmoidectomy
is performed and the anterior ethmoidal artery is identified. The superior margin
of the lamina is followed posteriorly to the optic foramen (Fig. 11). The sphenoi-
dal ostium is enlarged superomedially, and the optic foramen is located at the
junction of the ethmoidal roof, the laminal papyracea, and the face of the sphe-
noid. The optic canal is on the same plane as the ethmoidal arteries. The ana-
tomy of the sphenoid sinus should be evaluated preoperatively by CT scan to
define the extent of pneumatization and location of septations. The nerve travels
superomedially from the optic foramen toward the roof of the sphenoid sinus.
The location of the optic canal is confirmed by observing the thickening of the
fibrous tissues representing the fusion of the periorbital and meningeal tissues
and the circumferential pattern of the fibers at the annulus of Zinn. The optic
tubercle (the thickened anteromedial portion of the optic canal) is removed with
a fine burr. The annulus of Zinn is divided, and the optic canal posterior to the
optic foramen is very thin and easily removed. The bone posterior to the optic
foramen represents the medial wall of the optic canal, while further posteriorly
the bone removed represents the inferior wall of the optic canal. Since the nar-
rowest part of the optic canal is anterior, near the optic foramen, it may be suf-
ficient to limit the decompression to the anterior-most optic canal, including the
optic foramen and the annulus of Zinn. At the completion of the decompression
procedure, other fractures in the vicinity may be treated. If a cerebrospinal fluid
(CSF) leak is evident through the sphenoid sinus, the sinus can be filled with
abdominal fat.

Complications

The risks of extracranial optic nerve decompression include worsening vision, CSF
leak and meningitis, carotid bleeding, and carotid–cavernous fistula. A CSF leak
can interfere with healing of surrounding skull base fractures. Carotid artery injury
is the most feared complication and can result from iatrogenic injury or an unrecog-
nized traumatic carotid–cavernous fistula.
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FRACTURES OF THE MIDFACE

Anatomical Considerations

Midface fractures represent 10–20% of all facial fractures. A detailed understanding
of the major support structures and anatomy of the midfacial skeleton is required
to appreciate the fracture patterns that occur and were initially described by the pio-
neering work of Lefort. Only key points in the surgical anatomy are briefly reviewed
here, while a more detailed review using a skull model is highly recommended.

The midface is characterized by horizontally and vertically arranged but-
tresses or pillars that establish a relationship between the palate and alveolar pro-
cess (occlusal plane) and the (superior) frontal cranium and skull base region. The
major vertical buttresses of the midface include the zygomaticomaxillary buttress
anterolaterally, the nasomaxillary buttress anteromedially, and the posterior but-
tress involving the pterygoid plates (Figs. 1,2). Less important are anterior horizon-
tal buttresses formed by the lower alveolar region supporting the maxillary
dentition and, superiorly, the infraorbital rim. Between these structurally rein-
forced buttresses, the bone of the maxilla is quite thin and represents the bone
overlying or surrounding the pneumatized maxillary sinus cavity. The thin roof
of the maxillary sinus is also the orbital floor: noteworthy because fractures of
the upper midface invariably result in orbital fractures. Thus, the midfacial skele-
ton contributes to form and function by establishing vertical facial height, provid-
ing anterior facial projection, and anchoring the maxillary dentition in establishing
a functional occlusal relationship.

Fracture Pathophysiology and Classification

Common causes of midface fractures are motor vehicle accidents, assaults, falls, and
industrial accidents. Lefort’s 1901 classification of midface fractures was based on
experimental work using cadaver heads; the recurring fracture patterns he described
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Figures 1, 2 Key buttresses of the mid and upper face. Note the medial and
lateral buttresses of the midface and the frontal bar.
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are still commonly utilized. Lefort’s classification defines the fracture pattern based
on the most superior fracture involved.

Lefort I Fractures

These are essentially transverse maxillary fractures and represent the lowest level.
These are low horizontal fractures that separate the lower alveolar and palatal
regions from the upper maxilla.

Lefort II Fractures

These are pyramidal intermediate horizontal fractures that traverse through the orbi-
tal floor and nasal bones (Figs. 3,4).

Lefort III Fractures

These represent the most superior fracture pattern and are characterized as complete
craniofacial dysjunction (1). Lefort III fractures usually result from high-velocity
trauma and the fracture line involves the lateral orbit, midface, and medial orbit
including the nasoethmoid complex and anterior skull base. Therefore, Lefort III
fractures are often associated with head injuries, dural tears with associated cere-
brospinal fluid (CSF) leaks, significant orbital trauma, and other fractures of the
craniofacial skeleton.

Fractures of the midface may also occur in a non-Lefort pattern. Segmental
alveolar fractures of the tooth-bearing region can occur without a Lefort I. Fractures
of the thin maxillary wall without buttress involvement are common. Parasagittal
fractures of the palate also occur, often in combination with Lefort midface fractures.
Recently, Manson et al. devised a classification system for palatal fractures (2,3):

Figure 3 Patient with LeFort II midface fractures as shown on axial computed tomography.
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Type 1: Alveolar fractures—either anterior involving the incisor teeth or pos-
terolateral involving the molar region

Type II: Sagittal fractures—a midline split of the palate
Type III: Parasagittal fractures—the fracture exists between the cuspids

anteriorly and posteriorly towards the midline or laterally towards the
tuberosity

Type IV: Para-alveolar fractures—fracture is medial to the maxillary alveolus
Type V: Complex fractures—either comminuted fracture pattern or fracture

divides the palate transversely and obliquely
Type VI: Transverse palatal fractures—divides the maxilla in a coronal plane

Fractures can be discovered on physical examination and are confirmed with
coronal and axial CT scans.

Clinical Evaluation and Diagnosis

After initial stabilization of the trauma patient, evaluation of the facial injuries
should commence with reassessment of the patient’s airway and neurological status.

Oral bleeding, loose teeth, edema, or associated mandible fractures may lead to
airway problems. Head injuries are often associated with midface fractures and CSF
leaks should be suspected in patients with Lefort II or III type fractures. The pre-
sence and extent of other injuries in patients with multiple trauma may influence
the timing of fracture repair and patient outcomes.

Figure 4 Patient with LeFort II midface fractures as shown on axial computed tomography.

Shows the extension of the fracture through the palate.
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A careful and thorough evaluation of the eye and orbit is paramount, and
should document visual acuity, extraocular movement, suspected globe injury, eyelid
injuries, and suspected orbital fractures. Associated soft tissue injuries of the face
need to be cleansed and evaluated regarding the need for early repair. Intraoral
assessment of the patient’s dentition and occlusion should begin with examination
of the palate and maxillary alveolus for loose or missing teeth, lacerations, bleeding,
and abnormal mobility. Midfacial fractures will characteristically affect the patient’s
occlusion. They often give rise to an open bite deformity because of premature con-
tact of the molars posteriorly as the medial pterygoid pulls the posterior maxilla
inferiorly (4). The maxilla and palate will often be unstable and mobile on bimanual
examination with Lefort fractures and the midface may have a characteristic retru-
sion with loss of projection. Nasal fractures and associated epistaxis are common in
patients with midface fractures.

Radiological assessment with plain films has limited value and should be
reserved for situations in which computed tomography (CT) is not readily available.
CT scans have dramatically changed the evaluation of midface fractures and all
patients with suspected midface fractures should be scanned. Besides axial CT scans,
coronal imaging (true coronals when feasible or coronal reformats of axial scans) is
frequently useful in better evaluating the extent of orbital fractures. Although the
Lefort classification system is still widely employed and useful for describing fracture
patterns, CT scans are better able to evaluate and delineate precisely the exact loca-
tion and extent of fractures. Most fractures in this region are comminuted and
usually involve different components of pure Lefort-type fractures. CT scans provide
superior guidance for treatment planning.

Management Considerations

Perioperative prophylactic antibiotic coverage should be used in patients with mid-
face fractures. Careful coordination with the anesthesiologist regarding airway
management using nasal vs. oral intubation merits consideration. Nasal intubation
may interfere with reduction of nasal and midface fractures, while oral intubation
may hamper evaluation and restoration of occlusal relationships. Occasionally, a
planned change from oral to nasal intubation during the case, although inconveni-
ent, may be helpful in achieving reduction while avoiding a tracheostomy. A planned
tracheostomy is usually reserved for patients with multiple trauma, airway problems,
or in those requiring mechanical ventilation. Early repair of midface fractures, when
the patient’s condition is stable, is advantageous, cost-effective, and should result in
less morbidity with fewer complications.

Treatment of midface fractures aims to restore preinjury facial appearance and
occlusion by restoring anterior facial projection and vertical facial height accurately.
Fracture treatment should be customized to the extent and location of the fractures
based on clinical evaluation and CT scan findings. Examples would be an edentulous
patient or a patient with extensive orbital or mandibular fractures that would
influence the treatment approach. Nondisplaced fractures may require minimal
treatment. A ‘‘cookbook’’ approach to fracture treatment with inflexible theoretical
and pre-conceived notions regarding points of fixation and other variables is highly
inadvisable and may result in inappropriate treatment decisions.
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Early methods of treatment for Lefort midface fractures involved open reduc-
tion of fractures of the inferior orbital rim and closed reduction via mandibular–
maxillary fixation (MMF) and wire suspension (5). However, the earlier techniques
of closed reduction alone led to frequent complications including lack of midface
projection and loss of vertical height (4). As a result, extended open reduction tech-
niques were developed initially using wire and subsequently miniplate fixation of
the maxillary buttress system, along with concurrent treatment of associated frac-
tures in order to avoid or minimize such complications.

Open reduction and internal fixation of midfacial fractures are usually accom-
plished via an intraoral sublabial approach with gingivobuccal incisions placed uni-
laterally or bilaterally, depending on the extent of fractures requiring subperiosteal
exposure and reduction. This approach can be combined with various other methods
including a transconjunctival approach to the orbital floor and rim, again depending
on fracture extent (6). Lefort III fractures will often require an additional coronal
approach for adequate exposure and reduction of the upper midface and orbital
regions. Management of palatal fractures consists of a combination of intermaxillary
fixation, acrylic splints as supplements, and plate fixation (if required) for stability (3).

The importance of achieving accurate three-dimensional reduction of the
fractures along with accurate alignment of the occlusion prior to applying internal
fixation cannot be overemphasized. Accurate reduction and titanium miniplate
fixation of the fractured nasomaxillary and zygomaticomaxillary buttresses are
key elements in stabilizing Lefort I and II fractures (Figs. 5–7). This should be
accomplished after associated fractures are addressed, especially in patients with

Figure 5 Placement of titanium miniplates on the medial and lateral buttress of the left

midface through a midface degloving approach.
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Figure 6 Postoperative radiograph of the patient in Figure 5.

Figure 7 Occlusal view of patient in Figures 5 and 6.

Midface/Frontal Sinus Fractures 555



Lefort II and III fractures, and the patient is placed in MMF for occlusal align-
ment. Temporary MMF during reduction serves to address the posterior height
of the facial skeleton by utilizing the height of the ramus of the mandible, since
the posterior maxillary buttress is not directly opened (Figs. 8–12). Associated frac-
tures of the mandible, including subcondylar fractures, must also be reduced to
establish facial height adequately (4).

Additional use of MMF in the postoperative period for 2–4 weeks may be
necessary depending on the fracture pattern and stability achievable in individual
situations. Over the last 20 years, the introduction and acceptance of low profile tita-
nium miniplates (1.5–2.0mm screws) have improved our ability to stabilize the major
load-bearing midface buttresses, while diminishing our reliance on prolonged MMF
(7). Even smaller microplates (1.0–1.3mm screws) assist in stabilizing multiple com-
minuted segments in non-load-bearing regions after fixation of the major buttresses
(Fig. 6). The use of plate fixation should be kept to the minimum required to achieve
fracture stabilization.

Figure 8 A 34-year-old woman sustained bilateral LeFort III midface fractures with
multiple mandible fractures in a motor vehicle accident. She had numerous associated injuries,
which included cervical spine fracture with no spinal cord injury. She also had an intimal tear

of her carotid artery with a transient cerebrovascular accident. However, she experienced a full
neurological recovery. Not shown are temporal bone fractures with facial paresis. The patient
was in a cervical halo traction apparatus for stabilization of her cervical spine fractures prior

to repair of her facial fractures. This apparatus prevented our use of a coronal incision for
access to the Lefort III fractures.
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Figures 9, 10 Extensive midface disruption.
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FRACTURES OF THE FRONTAL SINUS AND
NASO–ETHMOID–ORBITAL COMPLEX

Anatomical Considerations

The adult frontal sinus is divided into right and left sections by an intersinus septum.
There can be tremendous variation in the size and shape of the frontal sinus both
between individuals and occasionally even between the two sides in the same patient.

Figure 11 Postoperative radiograph following reduction of fractures.

558 Chowdhury and Andrews



The sinus is composed of a relatively thick anterior table that forms the central and
inferior portion of the forehead. A thinner plate of bone forms the posterior table
that separates the sinus from the anterior cranial fossa (Figs. 13,14). The floor of
the frontal sinus contains even thinner bone and also forms the medial portion of
the orbital roof. The floor also contains the drainage or outflow tract (nasofrontal
duct) of the frontal sinus. The nasofrontal duct is located in the posterior medial por-
tion of the frontal sinus floor. It is an outflow tract that drains into the facial recess

Figure 12 Appearance of the patient 1 year after surgery.
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located in the anterior portion of the middle meatus between the anterior attachment
of the middle turbinate and the lateral nasal wall.

The frontal sinus is normally lined with pseudostratified columnar epithelium
that propels mucus at a rate of 1 cm=min medially up the intersinus septum, then lat-
erally over the superior portion to the lateral wall, and finally medially again towards
the floor to the nasofrontal duct (8). The integrity of the mucociliary clearance sys-
tem and the anatomical drainage or outflow provided by the nasofrontal duct is cru-
cial to the evaluation of both frontal sinus and naso–ethmoid–orbital (NOE)
fractures.

Figure 13 Anatomical view of fronto-orbital area.
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The NOE region, as the name implies, involves the nasal bones, the frontal pro-
cesses of the maxilla, the bones making up the medial orbital walls, and the ethmoid
air cells (Fig. 15). The medial orbital walls are made up of the lacrimal bones, the thin
lamina papyracea, and posteriorly by the body of the sphenoid bone. The anterior
and posterior ethmoid vessels travel in the ethmoidal foramina near the frontoeth-
moidal suture line; disruption of these vessels with fracture may cause orbital hema-
toma. Fractures that extend posteriorly through the body of the sphenoid bone may

Figure 14 Intracranial view of orbital roof and anterior skull base region. In this anatomical

model, the frontal sinus has been cranialized.
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involve the optic nerve canal and the superior orbital fissure. Superior orbital fissure
syndrome may be caused by a fracture in this area and is characterized by ophthal-
moplegia, ptosis, pupillary dilation, and decreased sensation over the forehead (9).
When superior orbital fissure syndrome is associated with damage or injury to the
optic nerve, a true orbital apex syndrome exists.

The interorbital area (between the medial orbital walls) is made up of the eth-
moid sinuses, cribriform plate, perpendicular plate of the ethmoid, and vomer. All of
these thin bones are fragile and subject to comminution. The interorbital area is
separated from the intracranial side of the anterior skull base by the cribriform plate
that can easily be disrupted. The dura in this area is adherent to the bone and frac-
tures can easily result in dural tears, pneumocranium, and CSF leaks.

The anatomy of the medial canthal tendons and lacrimal system is a critical
consideration in NOE fractures. The medial canthal ligament anchors the tarsal
plate of the eye to the medial orbital wall and consists of three separate tendons
inserting on different areas and giving the system a three-dimensional contour.
The three tendons attach to the anterior and posterior lacrimal crests as well as
superiorly to the frontal process of the maxilla and frontal bone (10). The anterior
attachment to the anterior lacrimal crest is the most firmly adherent. The three sepa-
rate components surround the lacrimal sac within the lacrimal fossa and serve an
important part in the lacrimal pump mechanism, propelling tears into the nasolacri-
mal duct and eventually into the nasal cavity through the inferior meatus. Disruption
of this arrangement results in traumatic telecanthus and possibly epiphora.

Figure 15 Medial orbital region and naso–ethmoid–orbital complex and its anatomical
relationships to the midface and anterior cranial base.
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Fracture Pathophysiology and Classification

Frontal Sinus Fractures

Fractures of the frontal sinus are relatively uncommon fractures of the maxillofacial
skeleton, comprising up to 12% of all facial fractures. They are usually associated
with high-impact or velocity trauma; given this high-energy mechanism, significant
head injuries are frequently associated with these fractures. It has been stated that
forces of 800 to 2200 lbs may be required to cause fracture of the anterior table of
the frontal sinus (11). The force required to elicit fracture is two times that for mand-
ible fractures and five times the force needed for maxillary fractures (12).

Considering the amount of force required to cause frontal sinus fractures, asso-
ciated fractures of the NOE, skull base, and other areas of the maxillofacial skeleton
should be suspected. The resilience of the frontal sinus is in large part due to the
frontal bar, which is the superior-most horizontal buttress in the facial skeleton.
The frontal bar extends between the zygomaticofrontal suture lines and includes
the anterior table of the frontal sinus, the superior orbital rims, and the thick glabel-
lar bone of the forehead (13). The relatively thin bone of the maxilla lacks any sagit-
tal buttresses. Therefore, associated fractures of the upper midface, zygoma and
NOE (areas largely dependent upon the frontal horizontal buttress for support)
are common (14).

Injury to or obstruction of the nasofrontal drainage system creates additional
hazards in the treatment of frontal sinus fractures. Treatment of these fractures
needs to restore mucociliary clearance and the patency of the nasofrontal outflow
tract duct to avoid long-term sequelae or complications. As an alternative, complete
ablation of the sinus and all its mucosa may prevent complications resulting from
retained or trapped mucosa. These late complications include postoperative infec-
tions, meningitis, mucocele formation, and brain abscess.

Frontal sinus fractures should be classified based on the extent of fractures,
anterior and= or posterior table, and whether the fracture involves the nasofrontal
duct. Ioannides et al. devised a classification system that encompasses the above
characteristics and used it to devise a treatment algorithm (15):

Type I:Anterior wall fractures
Ia: Anterior wall fracture without dislocation, no injury to the duct
Ib: High anterior wall fracture with dislocation, no injury to the duct
Ic: Anterior wall fracture with loss of tissue or bone, no injury to the

duct
Id: Low anterior wall fracture with injury to the duct
Ie: Whole anterior wall fractured with injury to the duct

Type II: Posterior wall fractures
IIa: Posterior wall fracture without dislocation, no CSF leak
IIb: Posterior wall fracture with dislocation and or loss of bone, no CSF

leak
IIc: Posterior wall fracture with dislocation and presence of CSF leak
IId: Extensive comminuted posterior wall fracture and CSF Leak, large

sinus
Type IIIa: Any type I and IIa or IIb
Type IIIb: Any type I and IIc or IId
Type IV: Severe comminution of the whole nasofronto-orbital area
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NOE Complex Fractures

Successful treatment of NOE complex fractures requires detailed knowledge of the
bone and soft tissue anatomy of the region as well as correct evaluation and diagno-
sis. Suspicion of NOE fractures should arise with localized trauma to the midface
severe enough to cause nasal fracture or with generalized high-velocity injury to
the mid or upper facial skeleton. Compressive forces of only 30 g. may disrupt the
areas of the medial orbital wall, ethmoids, and cribriform plate (16). NOE fractures
are produced by force applied to the frontal processes of the maxillae (unilateral or
bilateral) and nasal bones and transmitted into the orbit with secondary disruption
of the medial orbital wall and ethmoids.

The nasal bones will appear flattened on clinical examination and the medial
canthal tendons may be disrupted resulting in telecanthus and epiphora. Further-
more, as mentioned earlier, with high-velocity injury there may be concomitant
injury to the frontal sinus, cribriform plate, and anterior skull base. This may
result in CSF leakage manifesting as CSF rhinorrhea. Direct compression of the
optic nerve by displaced medial orbital bone fragments can cause vision loss or
indirect pressure from hematoma or edema may lead to orbital apex syndrome
(Fig. 16).

Several different classification systems have been described for NOE injuries. A
true NOE fracture requires fracture through five separate bones. However, the
degree of displacement of the different fractures is variable. The five bones include
nasal, inferior orbital rim, medial orbital wall, piriform aperture, and frontal process
of the maxilla (17).

Manson et al. have proposed a classification system based on the degree of dis-
ruption of a critical central fragment that includes the bone of the lower portion of
the medial orbital wall and the insertion of the medial canthal tendon (18):

Type I: The central fragment is fractured as a single segment and is not com
minuted; the degree of displacement is variable.

Type II: The central fragment is comminuted but the communited section does
not involve the section of the medial canthal tendon attachment.

Type III: The comminuted section involves the attachment of the medial
canthal tendon.

The class of fracture sustained has implications for the degree of exposure
required and therefore the surgical approach needed.

Fractures sustained in the central upper midface as a result of high-velocity or
high-impact injury will often involve the frontal sinus and skull base in addition to the
NOE complex. Furthermore, as discussed above, fracture lines extending along the
medial orbital wall can extend back to the sphenoid bone and involve the optic canal.
In a series of 475 facial fractures involving combined frontal sinus and skull base
injuries reviewed by Raveh et al., 355 involved the NOE complex (19). They pro-
posed a more unified or integrated classification system for these severe injuries that
accounts for associated fractures involving adjacent areas:

Type I: Fractures of the NOE complex and anterior wall of the frontal sinus.
The posterior table of the frontal sinus is intact, as is the skull base.

Type Ia: Same fracture pattern as in Type I except fracture extends along the
medial orbital wall and involves the orbital apex and medial wall of
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optic canal; may cause orbital nerve compression or orbital apex
syndrome.

Type II: Fracture not only includes the NOE and anterior wall of frontal sinus
but also involves the posterior table of the frontal sinus or anterior
skull base with subsequent dural tears, CSF leaks, pneumocranium,
and possible brain herniation into the ethmoids or orbit. Associated
injury to the orbital apex is commonwith this type ofmore severe injury.

Clinical Evaluation and Diagnosis

Patients with a high-impact injury to the area of the forehead and upper midface
must be evaluated for the presence of a frontal sinus fracture. On Clinical examina-
tion, there is often profound edema, soft tissue swelling, and ecchymosis that may
make initial clinical determination difficult. However, there may be clinical evidence
of depression at the area of the frontal sinus and forehead region. Epistaxis, diplo-
pia, visual disturbance, forehead lacerations, and CSF leakage or rhinorrhea may be
present. Broad evaluation of the facial skeleton is crucial because fractures of the
frontal sinus are often associated with other fractures and complications due to
the high-velocity nature of these injuries. It would be safe to assume that most of
these patients experience some degree of closed head injury, from very mild to severe
frontal lobe contusion or hematoma. Therefore, careful re-evaluation of the neuro-
logical status and evaluation of the visual system merit emphasis.

Figure 16 Note relationship of optic nerve at orbital apex to the posterior ethmoid sinuses,
cavernous carotid, and sphenoid region. In this cadaveric specimen, the orbital roof has been

removed to show the anatomical relationships.
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Evaluation of patients with trauma to the central midface should include a
search for signs of NOE fractures that may include (see figure 44) flat nasal dorsum,
telecanthus, shortened palpebral fissure, enopthalmos and diplopia, subconjunctival
hematomas, epistaxis, and CSF rhinorrhea (17). Evaluation of the type or extent of
injury may be difficult secondary to edema and soft tissue trauma. NOE fractures
frequently accompany frontal sinus fractures, so evaluation should include thorough
neurological, orbital and eye examinations. High-impact injuries are often associated
with posterior table frontal sinus or cribriform plate fractures, raising the possibility
of CSF leak, pneumocephalus, and intracranial injury.

Patients with NOE fractures likewise require careful evaluation of the eye and
orbit for signs of entrapment, retrobulbar hematoma, and possible injury to the optic
nerve. This evaluation should, at a minimum, include evaluation and recording of
visual acuity in each eye separately, presence of an afferent pupillary defect, range
of extraocular movements, and the presence of diplopia. Additional forced-duction
testing or measurement of intraocular pressure may be necessary and a formal
ophthalmology consultation should be considered.

A hallmark finding in NOE fractures is presence of traumatic telecanthus. The
average intercanthal distance in white persons is 30–35mm. Variations occur based
on race, ethnic background, gender, and age. Traction on the lower eyelid may reveal
laxity or loss of normal tautness in the medial canthal attachment; however, this can
be difficult to ascertain when marked edema is present. Normally, the intercanthal
distance should be about 50% of the interpupillary distance; when the difference
is greater than 50% telecanthus should be suspected. If the intercanthal distance is
greater than 35mm it is suggestive of telecanthus; distances greater than 40mm
are strongly suggestive of telecanthus and NOE fracture (20). Epiphora may also
be present with disruption of the lacrimal apparatus; however, it is often difficult
to detect in the acute evaluation of the trauma patient.

All patients with significant trauma to the midface, NOE, or frontal sinus area
should be evaluated with high-resolution axial CT scans and coronal reformats if
available. This will best delineate the fracture extent and severity, permits classifica-
tion, and facilitates optimal treatment planning. Furthermore, associated intracra-
nial injuries and additional facial fractures can be evaluated simultaneously.

A key point in the radiographic evaluation is to determine the extent or severity
of injury to the nasofrontal outflow tract. Although treatment of anterior table frac-
tures that do not involve the nasofrontal duct may be primarily for restoring appear-
ance, fractures involving the nasofrontal ductwill require eithermeticulous restoration
of the mucociliary clearance system (while restoring patency of the duct) or oblitera-
tion of the sinus. Furthermore, fractures involving the posterior table may require
repair of dural defects, obliteration of the sinus, or possibly sinus cranialization.

Management of Frontal Sinus and NOE Fractures

Treatment planning requires meticulous clinical evaluation of the patient’s injuries,
and detailed analysis of the fracture types, severity, and location from appropriate
CT scans. Poor treatment planning resulting from inadequate evaluation or imaging
studies will invariably result in less favorable outcomes or complications despite
skillful surgery. Treatment of these fractures aims to prevent deformity by restoring
preinjury appearance, function, and avoid complications related to the paranasal
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sinuses and adjacent intracranial areas. Treatment of pediatric patients with NOE or
frontal sinus fractures should minimize the use of plate fixation and utilize resorb-
able plates when possible. This is especially true for patients under the age of 14,
in whom restriction of growth resulting from plate fixation may be a concern.

Anterior Table Fractures

Frontal sinus fractures limited to the anterior table only and without involvement of
the nasofrontal duct or NOE complex are treated primarily to prevent collapse and
depression or deformity of the forehead region. Linear fractures of the anterior table
without significant displacement may require no surgical treatment, with outpatient
follow-up and observation. Depressed fractures are treated to prevent forehead
deformity. The CT scan will show the extent of displacement and comminution of
the anterior table while confirming the integrity of the posterior table (Figs. 17–21).

When existing lacerations are present they can sometimes be used with exten-
sions into existing skin creases to provide adequate access for fracture repair. Occa-
sionally, these forehead lacerations can be extended in an intrabrow fashion to
provide access (Figs. 22–25). Bilateral brow incisions can provide limited access to
the nasofrontal area and are well described, although we would advise against join-
ing the brow incisions over the nasion–glabellar region since this produces more
noticeable scars (Figs. 21,26–29). There are also recent reports of the use of endo-
scopic methods for fracture reduction and fixation that avoid large external incisions
when aesthetic concerns are paramount and there are no associated posterior table

Figure 17 Patient treated at another institution with open reduction of anterior table and

frontal sinus fractures through an open sky approach. The patient has poor reduction with
residual central forehead deformity.
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Figure 18 Intraoperative view through the same approach. Note the depressed anterior
table fracture.

Figure 19 Anterior table of the frontal sinus has been removed. Note the widely patent

nasofrontal out flow tracts on either side of the midline.
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or nasofrontal duct injuries (21). However, a coronal incision placed well behind the
hairline to camouflage the scar remains a key approach for access to these fractures.
The coronal incision has been well described and provides wide and versatile access
to the entire NOE and frontal sinus area. In our opinion, there is no justification for
shaving or cutting a patient’s hair for the purpose of using a coronal incision. The
patient’s hair can be washed, prepped, parted, and preserved without an increase
in infection rates (22,23).

Many different techniques have been used to manage isolated anterior table
fractures, depending on the degree of fracture present and the materials available
for fixation. Stainless steel wires have been used for fixation; however, over the past
15 years these have been supplanted by titanium plates (miniplates and microplates).
Depressed segments of the anterior table should be elevated, reduced, and fixation
performed with low-profile titanium microplates (1.0–1.5mm diameter screws)
applied to maintain reduction (Figs. 17–29). Resorbable fixation with polylactide
plates and screws should be considered in pediatric and perhaps in selected adult
cases (24).

During reduction, the posterior table of the sinus, condition of the sinus
mucosa, and the nasofrontal ducts can be inspected. Devitalized sinus mucosa
should be removed while untraumatized mucosa may be left intact. Blood clots, deb-
ris, or small bone fragments should be removed but meticulously preserved and the
sinus cavity copiously irrigated prior to applying fixation. The importance of saving
small bone fragments rather than discarding them cannot be overemphasized
(Figs. 30–37). These small fragments can then be fitted like the pieces of a jigsaw

Figure 20 Titanium plate and screw reduction of the anterior table.
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puzzle to restore the preinjury configuration, obviating the need for primary bone
grafting in most situations (25). Titanium mesh has been utilized and advocated
for the repair of severely comminuted anterior table fractures (11). The reduced indi-
vidual fragments are secured with screws to an overlay of titanium mesh used to
maintain contour and stability of the fracture segments. Only in those rare situations
in which loss of bone has occurred through open wounds is there a need to resort to
primary bone grafting. The coronal approach provides versatile access for harvesting

Figure 21 Four-week postoperative view of patient. Note the unsightly central portion of
the open sky approach. In our opinion, this part of the incision over the glabella should be
avoided unless there are existing lacerations.
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split calvarial bone grafts used in reconstructing the critical supraorbital rim areas
first when this is necessary. Besides access and availability, calvarial bone grafts
may theoretically suffer less from resorption, although autogenous bone graft stabi-
lity may be a more important factor than its source (26–28).

Posterior Table Fractures and Associated Nasofrontal Duct Injury

We discussed the high-velocity injury mechanism required to produce posterior table
fractures of the frontal sinus. As a result, nasofrontal outflow tract injury, anterior
table fractures, additional facial fractures, and head injury are frequently associated
with this type of injury. Before the routine use of CT scans, it was often necessary to
remove and replace the fractured anterior table segments to examine the posterior
table of the frontal sinus and ensure its integrity (25). However, based on CT find-
ings the status of the posterior table can now be predicted preoperatively, making
such exploration of the posterior table unnecessary.

Considerable controversy exists regarding the treatment of both posterior table
fractures and nasofrontal outflow tract injuries. Management of frontal sinus frac-
tures associated with injuries to the nasofrontal duct are controversial with argu-
ments ranging from obliteration of the sinus to restoration of the integrity of the
sinus and subsequent cannulation of the nasofrontal outflow tract to maintain its
patency. The obliterative approach aims to exenterate all frontal sinus mucosa in
creating a safe reconstruction while the restorative approach aims to restore physio-
logical drainage of the frontal sinus. The aim of both approaches in repairing these
fractures is to prevent secondary mucocele formation and delayed infectious

Figure 22 Coronal CT scan shows pneumocephalus resulting from a posterior table fracture
involving both tables of the frontal sinus. The patient had been in a motor vehicle accident.
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Figure 23 The frontal sinus fractures were accessed through extension of existing
lacerations. Note preservation of the supraorbital neurovascular bundle and titanium

microplate fixation of the anterior table. The posterior table was preserved, the dura sealed,
and a subcranial ethmoidectomy was performed with Silastic tube stenting to maintain frontal
sinus drainage.

Figure 24 Postoperative radiograph of the patient in Figures 22 and 23.

572 Chowdhury and Andrews



Figure 25 One month postoperative photo of patient in Figures 22–24. There is still some
residual swelling in the glabellar area.

Figure 26 A bilateral brow approach was used in a patient with anterior table frontal sinus
fracture, who preferred that we avoid a coronal approach. The incisions are kept primarily
within the brow without joining the central portion over the glabella.
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complications with the potential for intracranial spread (29). Furthermore, the
restorative approach has been influenced by advances in endoscopic sinus surgery
over the past 20 years that emphasize functional restoration of frontal sinus drainage
pathways and the mucociliary clearance system whenever possible.

Proponents of the restorative approach with meticulous reconstruction of the
sinus and maintenance of the patency of the nasofrontal duct cite a low incidence
of secondary infection and mucocele formation postoperatively. Raveh et al.
reported on a series of 355 patients with combined frontal sinus, NOE, and skull
base fractures in whom the frontal sinus was reconstructed when feasible and the

Figure 27 Note preservation of the supraorbital neurovascular bundle.
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nasofrontal duct was stented with a Silastic pediatric endotracheal tube. With long-
term follow up of greater than 1 year the postoperative incidence of infection was
1.7% and the incidence of mucocele formation was 3.0% (19). There is also debate
about the ideal material to use for stenting of the duct since Silastic pediatric endo-
tracheal tubes, Silastic sheets, rubber, and gold have all been used. There is also no
consensus on the actual need for stenting and about the length of time the stent
should be left in place: from 6 weeks to 6 months (15,49).

Obliteration of the frontal sinus in response to significant injury to the fron-
tal sinus mucosa and nasofrontal duct is an option that has been advocated and

Figure 28 Plate and screw open reduction and internal fixation of the anterior table through
the brow approach.
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Figure 29 Six-week postoperative view of patient in Figures 26–28.

Figures 30, 31 Highly comminuted frontal sinus, fronto-orbital, orbital roof, and lateral
orbital fracture in a 13-year-old girl who was a passenger ejected from an automobile accident.
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utilized to prevent postoperative infection and mucocele formation. Montgomery
popularized the use of autogenous fat for obliteration of the human frontal sinus
in patients with chronic or refractory frontal sinusitis. A report on their experience
and complications with 250 patients undergoing obliteration with fat found an
overall perioperative complication rate of 18% (30). However, the length of post-
operative follow-up was inadequate to obtain an accurate assessment of mucocele
formation and other infectious long-term complications. Weber et al. studied the
long-term effectiveness of fat obliteration of the sinus, in which the indications
for obliteration included not only frontal sinus fractures but also cases of recurrent
or chronic sinusitis in which intranasal drainage could not be restored or in
patients with mucoceles. They studied the patients postoperatively with magnetic
resonance imaging (MRI) scans and demonstrated mucocele formation in 9.8%
of cases and further estimated that the half-life of fat within the sinus to be 15.4
months (31).

Additional autogenous materials, allogenic tissue, and alloplasts have also been
explored for obliteration of the frontal sinus (32–36). However, the critical first step
in frontal sinus obliteration is meticulous removal of all remnants of the mucosal lin-
ing of the sinus, since any residual mucosa can lead to mucocele formation. Donald
has described that the mucosa of the frontal sinus is tenacious and can be difficult to
remove completely (37). Accordingly, Donald advocated complete ablation of the
frontal sinus by cranialization when there is extensive comminution or missing bone
in the posterior table. Cranialization involves complete removal of the posterior wall

Figures 30, 31 (Continued)
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Figures 32, 33 Intraoperative view through the patient’s existing laceration. Note the

extensive orbital roof and skull fractures. Figure 33 shows the exposed brain and dura.
Neurosurgical repair of the dura was performed prior to bony repair.
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Figure 34 Collected bone fragments from the orbital roof and lateral orbital region in this
patient. These pieces were collected, saved, preserved, and replaced in a jigsaw puzzle fashion.

This obviated the need for primary autogenous bone grafting.

Figure 35 Intraoperative view with replacement of the collected bone fragments in their
proper position and the use of titanium plate fixation.
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Figure 36 Six-month postoperative radiographic view of patient in Figures 30–35.

Figure 37 One-year postoperative view of patient in Figures 30–36. She sustained no
significant permanent neurological sequelae, despite the significant head injury, and is now
attending college.
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of the frontal sinus with subsequent forward expansion of the brain into this space
(38,39). It is debatable whether complete removal of all frontal sinus mucosa is fea-
sible even with extensive drilling of the sinus walls. Furthermore, since complications
such as mucocele formation have been reported as long as 20 years after the ori-
ginal insult, long-term follow-up is necessary to ascertain the efficacy of different
techniques, including obliteration with various materials. This length of follow
up is seldom attained, with a few exceptions (19), and cranialization of more
extensive injuries attempts to create a safe and secure result by ablating the entire
frontal sinus.

We advocate a restorative approach with restoration of frontal sinus drainage
when nasofrontal outflow tract injury occurs with NOE or anterior table fractures of
the frontal sinus. When nasofrontal outflow tract disruption is associated with pos-
terior table fractures, if cranialization of the frontal sinus is not necessary, restora-
tion of drainage in a similar fashion is accomplished as described by Raveh (19).
The key steps of this approach are as follows:

1. Determine the need for frontal sinus cranialization when posterior table
fractures are present, since this would be a contraindication to restoring
drainage. Devitalized mucosa should be removed or stripped from the
frontal sinus and supraorbital ethmoid region.

2. A complete subcranial ethmoidectomy is performed on the ipsilateral
injury side, essentially removing the entire frontal sinus floor and creating a
very wide opening between the frontal sinus and the nasal cavity. This is a
critical step for success in restoring drainage and requires ligation or
bipolar cautery of the anterior ethmoid vessels.

3. Following reduction of anterior table or NOE fractures, a 2.5–3.5mm
pediatric Silastic endotracheal tube is introduced via the hiatus and placed
at the base or the previous floor of the sinus. The superior end of the
tube is secured with a 2–0 Vicryl suture to the adjacent frontal sinus
anterior table bone. The tube is trimmed intranasally so that its inferior
extent is visible emanating from the hiatus. Additional nasal packing is
used when indicated but should be removed within a few days
postoperatively.

4. Outpatient follow-up 2 weeks postoperatively allows visualization of the
tube via anterior rhinoscopy. The patient is started on inhaled nasal
aqueous steroids and nasal irrigations if there are no contraindications.
The tube is not a drain but a stent that prevents mucosal healing from
blocking the frontal sinus outflow tract.

5. Between 3 and 6 months postinjury, the tube is removed under topical
intranasal anesthesia with anterior rhinoscopy using a hemostat clamp.
Inhaled nasal steroids are continued and subsequent imaging (CT or
MRI) can be used to demonstrate an aerated frontal sinus cavity (see
Fig. 53).

When posterior table fractures of the frontal sinus are present, neurosurgical
consultation should be obtained preoperatively. During surgical repair, the poster-
ior table requires careful inspection and a diligent search for a CSF leak. Com-
minuted or depressed segments should be carefully dissected free and the dura
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inspected for tears or leakage sites. With neurosurgical assistance, direct suturing
of dural tears or repair with fascial grafts should be completed first. Following
dural repair or even when no overt CSF leakage is present, an additional layer
of pericranium is placed over the dura with Tisseel fibrin glue (Figs. 38–43).
This can be a free graft used in a postage stamp fashion or a pedicled,
vascularized pericranial flap similar to those used in skull base reconstruction
(33,34).

If there is extensive bone loss or disruption of the posterior table with dural
tears, restoration of physiological drainage to the frontal sinus is contraindicated.
In these situations, we prefer cranialization to obliteration of the sinus with various
materials. Obliteration with autogenous fat is not physiological, is less secure, and
is more prone to long-term complications such as mucoceles, meningitis, or other
infectious complications due to mucosal remnants. Besides lingering questions
about the ability to remove all of the tenacious frontal sinus mucosa without bone
removal, cranialization of such severe injuries seems to be a more reasonable
approach with greater efficacy and security in preventing potentially serious long-
term complications.

During cranialization, complete removal of bone and tissue from the posterior
table of the frontal sinus is accomplished with neurosurgical assistance and using a
subcranial approach as described below. The nasofrontal duct areas are plugged with

Figure 38 A middle-aged man was involved in an all-terrain vehicle accident with panfacial
fractures with extensive involvement of the frontal sinus, NOE complex, and midface. The
patient had been edentulous since the age of 32, but had upper and lower dentures. There is

involvement of the frontal sinus.
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Figure 39 There is involvement of both orbits with nasoethmoid complex and bilateral

LeFort III fractures.

Figure 40 Extensive bilateral comminuted midface fractures are present.
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Figure 41 Coronal incision used for exposure of the fractures. Note that the pericranial flap
has been raised and the anterior table of the frontal sinus has been replaced with titanium
microplates following cranialization of the posterior table. Retractor is on patient’s bony nasal

dorsum.

Figure 42 Postoperative Water’s radiograph. Note the extensive plates used to restore
midface vertical height and anterior facial projection. Patient also had additional mandible
fractures treated with internal fixation.
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fascia or muscle after inversion of the mucosal lining at the orifice (40). Sharp edges
or bony recesses and the back wall of the anterior table are burred carefully with a
drill before placement of a vascularized, pedicled pericranial flap against all exposed
dural surfaces with Tisseel fibrin glue. This acts as an additional barrier or roof to
separate the paranasal sinuses and the intracranial frontal dura. The anterior table
bone is then reconstructed as described earlier.

NOE Fractures

Fractures of the NOE complex, by definition, usually result in variable amounts of
damage to the nasofrontal outflow tract and are often associated with adjacent
fractures of the frontal sinus and midface. Treatment of NOE fractures aims to
restore normal dorsal nasal projection and contour, and restore the preinjury inter-
canthal distance and medial canthal soft tissue relationships. Nondisplaced or
minimally displaced type I NOE fractures, based on clinical assessment and CT
scan analysis, may require no operative treatment. High-quality CT imaging, pre-
ferably in both axial and coronal planes, is invaluable in treatment planning for
NOE fractures.

Closed reduction with percutaneous wires and lead plate stabilization are still
utilized by some surgeons. These methods seldom result in adequate reduction or
correction of telecanthus, and may produce skin necrosis in the medial canthal
area. These methods should be relegated to the historical archives; instead, proper
reduction and stabilization should be performed through an open approach, when
indicated. When concomitant forehead or nasal lacerations are present, these can

Figure 43 One-year postoperative appearance of the patient in Figures 38–42.
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be utilized with careful extensions into the brows to provide access. As an alterna-
tive, a bilateral brow incision can provide limited access when no lacerations are
present. However, the coronal incision, as described earlier, provides the best
access. Exposure of NOE fractures involves further dissection via the coronal
approach over the nasal dorsum, orbital roof, and medial orbital wall and lamina
papyracea.

Management of the nasofrontal outflow tract has already been outlined in the
previous section. Once this is accomplished, reduction of the fractured and displaced
type I NOE fracture is done with microplate fixation of the thin bones. Larger plates
are unnecessary and should be avoided since they may be easily palpable under thin
skin. The final step involves a medial canthopexy for restoration of the preinjury
intercanthal distance and adjacent soft tissue relationships.

Type 2 NOE injuries are considerably more problematic because they involve
significant disruption of the anterior skull base with posterior displacement of the
nasal buttress underneath the skull base. As a consequence, dural tears with CSF
leakage, pneumocranium, and frontal lobe brain contusion occur frequently with
this type of injury (Figs. 38–43). These fractures can extend along the cribriform
plate into the orbital apex and sellar regions, possibly resulting in contusion or com-
pression of the optic nerve (19). Ophthalmology consultation should be obtained and
treatment planning of these fractures requires coordination and cooperation with
neurosurgical consultants.

Exposure of type 2 NOE fractures via a coronal incision and a subcranial
approach is initially followed by debridement of bone fragments along the eth-
moid compartment and orbital apex, and optic nerve decompression when indi-
cated. Next, dural tears are sutured and additional layers of fascia with fibrin
glue (Tisseel) are placed along the skull base to ensure watertight separation of
the dura from the paranasal spaces. The third step involves meticulous reduction
and microplate or wire fixation of fractured bone segments. The final step involves
a Raveh-type medial canthopexy that not only reduces the intercanthal distance
but also posteriorly reduces the medial canthal tendons into a more accurate posi-
tion (19). This remains the best method for correcting traumatic telecanthus, pro-
viding superior results to other available methods for canthopexy such as
transnasal wiring (Figs. 44–55).

The subcranial or subfrontal approach has been recommended for treating
posterior table frontal sinus fractures and type 2 NOE fractures and merits further
explanation. The subcranial=subfrontal approach was developed by Raveh and
others to provide wide access to anterior skull base tumors without excessive frontal
lobe retraction and contusion that contribute to postoperative morbidity (19). The
numerous advantages of this approach can be applied to craniofacial fractures invol-
ving the anterior skull base such as type 2 NOE or posterior table frontal sinus frac-
tures (41). Surgeons involved in the treatment of these fractures should become
familiar with the techniques for subcranial=subfrontal access to provide optimal
and early treatment of these injuries. Since many of these patients have some degree
of frontal lobe contusion due to the nature of the injury, the subcranial approach is
especially advantageous in permitting early repair of these fractures without compro-
mising access while avoiding frontal lobe retraction.

Before the availability of CT imaging, treatment of these fractures was
commonly deferred or delayed 7–10 days to allow stabilization of the patient’s
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Figure 44 Patient with extensive NOE complex and midface fractures. Note the traumatic
telecanthus and telescoping of the nasal buttress underneath the skull base.

Figures 45–47 Axial and coronal CT scans show the nasoethmoid complex, midface, and
extensive orbital fractures.
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Figures 45–47 (Continued)
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Figure 48 Intraoperative view via a coronal incision. Note retractor on the nasal buttress or
dorsum. The sutures show a Raveh crossover medial canthopexy being performed. The sutures
on the patient’s right represent the left medial canthal tendon with the sutures having been

passed underneath the nasal frame to the opposite side.

Figure 49 Postoperative radiograph of the patient in Figures 44–48.
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Figures 50, 51 One-week postoperative view of patient in Figures 44–49 and the patient’s

occlusion.
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Figures 52, 53 Six-month postoperative CT scans of the patient in Figures 44–51. Note the
well-aerated frontal sinus in Figure 53.
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Figures 54, 55 Postoperative view of patient in Figures 44–53 six months after injury. We
believe the patient would benefit from a corrective rhinoplasty. However, he did not feel his
appearance had changed sufficiently from his preinjury appearance and decided not to
proceed with nasal surgery.
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condition and to allow brain and facial edema to subside. Over the past 25 years,
some of the relevant key advances that have occurred are availability of high-
quality CT imaging to delineate fractures clearly, improvements in neuroanesthe-
sia, advances in invasive monitoring and critical care, and development of skull
base surgical techniques such as the subcranial approach. Despite these numerous
advances, many surgeons continue to cling to obsolete concepts from the past,
and delay or defer treatment of these fractures without justification. If CT ima-
ging clearly reveals fractures needing repair, then there is no benefit to delaying
treatment. Only if the patient’s medical condition is unstable due to multiple-
trauma or severe head injury, or if there is uncertainty about the need to treat
the fractures, should treatment be deferred. Furthermore, if the surgeon is famil-
iar with the subcranial approach then mild head injury or frontal lobe contusion
should not be used as excuses for delaying treatment. Earlier treatment of these
fractures, preferably within 72 h of injury when possible, will produce better
results, reduce patient morbidity and length of hospitalization, and provide more
advanced and cost-effective care. The subcranial approach and the timing of sur-
gery are discussed further in Chapter 14.
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16
Practical Diagnosis and
Management of Mandibular
and Dentoalveolar Fractures

Robert E. Lincoln
Boston Medical Center, Boston, Massachusetts, U.S.A.

INTRODUCTION

The clinician who diagnoses and treats facial trauma should be guided by a compre-
hensive practical clinical and radiographic examination of the patient combined with
a thorough knowledge of applicable treatment modalities. The information in this
chapter is meant to be practical, not exhaustive. It is the hope that the reader,
whether student or experienced practitioner, will develop and implement an
approach to treatment of these injuries both to suit his or her skill level and provide
predictable and acceptable outcomes for patients.

EPIDEMIOLOGY

Mandibular fractures and dentoalveolar injuries are most commonly the result of
motor vehicle accidents, interpersonal violence and assault, sporting accidents, or
falls (1). Most fractures occur in the mandibular body, angle, or condyle regions,
with lower percentages in the mandibular ramus, coronoid and symphysis regions
(2) (Fig. 1). The literature demonstrates that many patients with mandible fractures
have more than one fracture location. This may be due to a number of variables such
as direction and force of the blow, mechanism of injury, teeth present or not, among
others. A number of classification schemes have been presented to describe mandible
fractures, the most notable being type of fracture and site of fracture. Dorland’s
Medical Dictionary’s definitions for fractures are sufficient to describe simple,
compound, comminuted complex, and pathological mandible fractures (3). How-
ever, fractures in children, edentulous atrophic mandible fractures, and complex
fractures (i.e., secondary to gun shot wounds, avulsive injuries, or panfacial injuries)
deserve special consideration. The muscles of the facial skeleton also influence the
classification of mandible fractures depending on their action at the fracture site.
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Figure 1 Mandible anatomy.

Figure 2 Favorable (B) and unfavorable (A) fractures.
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Fractures of the mandibular angle may be horizontally favorable (reduced) or unfa-
vorable (displaced) depending on the direction of the fracture and the action of the
pterygomasseteric sling. Conversely the same fracture may be vertically favorable or
unfavorable depending on the action of the medial and lateral pterygoid muscles on
the proximal segment (the angle) Figs. 2–4.

MANDIBLE FRACTURES

Diagnosis

In the treatment of mandible fractures, a successful diagnosis is an absolute necessity
as the first step to predictable treatment. An unsuccessful or missed diagnosis will
almost certainly jeopardize a favorable outcome. A thorough history of the injury
coupled with a comprehensive clinical examination and high-quality radiographic
studies serve as the roadmap to treatment. For practitioners training or practicing
in a level I trauma center, emergency room, or trauma team, the Advanced Trauma
Life Support (ATLS) protocol will dictate the need for emergency evaluation of
facial injuries. With mandibular fractures, immediate concerns can range from con-
trol of hemorrhage to airway control compromised by aspirated teeth, loss of tongue
support, or edema. For example, a maxillofacial surgeon who quickly recognizes a
stridorous patient with bilateral mandibular condyle fracture dislocations with a
midline symphysis fracture, a hematoma in the floor of the mouth, with avulsed
and missing teeth, should direct the trauma team to secure the airway for both
immediate and future management of the patient. All practitioners should, regard-
less of practice setting, be aware of the need to triage facial treatment patients for
injuries known to occur in conjunction with mandible fractures such as closed=open
open head injuries, cervical spine injuries, injuries of the larynx and hyoid, and vas-
cular injuries (4).

In a stable patient, a thorough history should be obtained. What was the
mechanism of injury: fist, shod foot, baseball bat, fall, motor vehicle accident?
Was the injury witnessed? Was there any loss of consciousness? Is there a previous
history of facial trauma or fractures, either treated or untreated? Were there any
pre-existing dental conditions such as deviated or limited opening of the mouth;

Figures 3, 4 Vertically unfavorable fracture of the mandibular angle. Note superior

distraction of proximal segment.
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a cross-bite, open bite, or other malocclusion; or the use of partial or complete
dentures? The patient’s medical history, allergies, and medications are important,
as well as the patient’s social situation and habits. Patients with a history of alcohol
or drug abuse have posttreatment compliance issues, which compromise their
treatment outcome (5). The age of the fracture upon presentation is important as
well. Compound fractures that present 5–10 days after injury may be acutely or
chronically infected, and may drastically change the practitioner’s approach to
management.

The practitioner should make a concerted effort to correlate the findings from
the clinical examination with both the history and any available radiographs. A thor-
ough clinical examination should start with an extraoral review of the patient and
then move intraorally. Areas of abnormal facial contour or asymmetry should be
noted. Preauricular swelling is often indicative of a condyle fracture. Loss of promi-
nence of the mandibular angle may be a sign of an unfavorable fracture in this
region. Chin deviation often indicates a condyle fracture with deviation towards
the injured side. Diminished chin prominence with lip incompetence and bilateral
preauricular swelling may indicate bilateral condyle fractures. The skin of the face
and neck should be examined for areas of redness, ecchymosis, lacerations, or hema-
tomas. Skin lacerations should be cleaned and inspected for extension to bone. No
wounds should be comprehensively repaired prior to a definitive diagnosis of bony
injury. The patient should be asked if he or she is experiencing numbness or par-
esthesia in the distribution of the inferior alveolar nerve. While not definitively diag-
nostic, it can be a clue to fractures in the mandibular body, angle, and, occasionally,
ramus. This finding is absent in patients with condyle fractures and fractures of the
mandibular symphysis anterior to mental foramen. The external auditory meatus
should be checked for the presence of blood, which is often seen in conjunction with
condyle fractures and blows to the symphysis. Patients may complain of diminished
hearing capacity. The patient should also be asked if he or she has difficulty opening
their mouth, or if the bite ‘‘feels’’ different than preinjury. This should be correlated

Figure 5 Anterior open bite.
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with an assessment of range of mandibular motion, any trismus, deviation, or an
inability to close the mouth. A wide range of combinations of mandible fractures
can account for a variety of occlusal discrepancies (Figs. 5–7). However, dental
injuries, dentoalveolar fractures and temporo mandibular joint (TMJ) arthroses
(hemarthrosis, for example) can confound the diagnosis, accounting for occlusal dis-
crepancies despite an otherwise negative clinical and radiographic examination.

The presence of teeth, supported by ligaments within bone, is the unique factor
in these particular orthopedic injuries. Knowledge of dental anatomy and occlusion,
both normal and abnormal, is critical to the re-establishment of a functional and
harmonious bite. Most patients can generally indicate if their bite feels different after

Figure 6 Posterior open bite.

Figure 7 Midline deviation: note separation of central and lateral incisors in line of fracture.
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an injury, but they cannot always give practitioners an idea of their preinjury
occlusion. Angle has classified dental occlusion into four distinct classes: normal,
and malocclusions types I, II, and III (6) (Fig. 8).

Class I: normal molar relationship but incorrect line of occlusion due to dental
rotations, or malpositioned teeth

Class II: mandibular molar distally positioned relative to maxillary molar
Class III: mandibular molar mesially positioned relative to maxillary molar

As the examination progresses intraorally, the clinician should examine not
only the individual teeth for injuries but also how the mandibular and maxillary
arches come together. The practitioner should look for fractured, loose, or avulsed
teeth, obvious step-offs between adjacent teeth, and flail segments of alveolus or
mandible. The status of the gingiva, including ecchymosis, bleeding, tears, or hema-
tomas (especially sublingual), is strongly suggestive of underlying fractures. If possi-
ble, the mandible should be evaluated in a bimanual fashion for segmental mobility
and an attempt to delineate fracture patterns. This will generally initiate rebleeding
at the fracture sites, so the patient’s head should be elevated to 45 degrees if possible
with suction and gauze available. Gentle manual reduction will often control
persistent bleeding. During the intraoral examination, all dental prostheses (partial
dentures, full dentures, retainers, etc.) should be retained (broken or not) for possible
future use in treatment of the acute injury.

The final diagnostic consideration is the radiographic examination. Studies
should be ordered by the practitioner both to confirm fractures and to rule out sus-
picious clinical findings. Not all patients require computed tomographic (CT) scans
for diagnosing mandibular fractures. However, CT scans can be useful in identifying
complex condyle fractures; specifically, those fractured sagitally or dislocated out of
the glenoid fossa (Figs. 9,10). CT scans can also be useful in severely injured patients,
such as those with a penetrating gun shot wound or a severely comminuted fracture
(Fig. 11). The panoramic radiograph is considered by many to be the most versatile
study used to image mandible fractures. Its only limitations are its availability within
medical center facilities and the ability of the patient to access the machine.
Familiarity in interpreting the study is obviously essential. When a Panoramic radio-

Figure 8 Angle’s classification scheme of dental occlusion.

602 Lincoln



graph is unavailable or fails adequately to image the condyles or symphysis, a com-
bination of lateral oblique, posteroanterior, and reverse Towne’s views should pro-
vide information necessary for diagnosis (Figs. 12–15). An occlusal view taken
intraorally is excellent at demarcating minimally displaced or nondisplaced symphy-
sis fractures.

Treatment

Mandibular fractures, once properly diagnosed, should be treated in a timely fash-
ion. Coordination of treatment of the multiply injured patient by all involved

Figures 9, 10 Panoramic radiograph demonstrates poorly defined condylar neck fracture.

Note degree of displacement and dislocation from glenoid fossa on corresponding CT scan.
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services (general or trauma surgery, oral and maxillofacial surgery, otolaryngology,
neurosurgery, etc.) is critical to ensure optimal patient care. For example, a patient
with a subdural hematoma and facial injuries should certainly undergo emergent
neurosurgical measures immediately, with delayed treatment of facial fractures when
the patient is cleared neurologically. Elderly and debilitated patients with significant
mandibular fractures may benefit from concomitant tracheostomy or feeding tube
placement if a prolonged recovery is expected and intermaxillary fixation is required.
Most fractures can and should generally be treated within 48 h of initial presentation.
Because many mandible fractures involve gingival tears extending to the teeth and
alveolus, they are by definition compound into the oral cavity and prone to invasion
by saliva and oral bacteria (7). Early immobilization of segments has been shown to
reduce the risk of wound infections (8). Because of the high risk of bacterial contam-
ination in mandible fractures, antibiotic adjunctive treatment is a necessity in all
compound mandible fractures both pre- and postoperatively. In a prospective rando-
mized study of dentate mandible fractures, Zallen found that antibiotic coverage
greatly diminished the rate of postoperative (9).

Teeth adjacent to fracture sites should be evaluated and assessed for their rela-
tive value for retention vs. risk to treatment. Teeth in the line of the fracture that
are periodontally compromised, grossly mobile, or fractured beyond restorability
should be removed prior to definitive treatment (Figs. 16,17). These pose the risk of

Figure 11 CT scan of mandibular symphysis fracture as a result of gunshot wound. Note

degree of edema around endotracheal tube and fragments (bone, teeth) in floor of mouth.
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infection (and nonunion) as well as recuperative-phase pain to the patient. Partially
fractured teeth in a patient with limited dentition may be useful to aid in closed
reduction. In this situation, the tooth could be retained until the fracture treatment
is complete before a final decision is made to remove or restore the tooth. Wisdom
teeth (third molars) in the line of mandibular angle fractures can pose a significant
infection risk. The decision to retain or remove these teeth is not simple, and should
be made considering such factors as patient compliance and hygiene, interference
with proper bony segment reduction, difficulty and risk of removal, relative bone

Figures 12–15 Bilateral mandibular fractures demonstrated by lateral oblique, Towne’s,
and posteroanterior views: the classic mandible series of plain radiographs.
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available at the fracture site, open vs. closed reduction, and favorable vs. unfavor-
able fracture.

Maintenance of proper oral hygiene, both pre- and postoperatively, is an
important treatment adjunct in the management of mandible fractures. Loss of tissue
barriers to bacterial invasion due to compound fractures in the line of teeth, gingival
tears, hematomas, edema, and interference with natural cleaning mechanisms all
increase infection risk. Proper oral hygiene using saline, peroxide, or medicated
(chlorhexidine gluconate) rinses should be encouraged. Increased frequency of tooth
brushing should be encouraged and the use of pulsatile irrigating devices is helpful in
selected patients.

A proper diet and maintenance of nutritional status are additional requirement
during postoperative care. Enduring 4–6 weeks of mandibular immobilization with
maxillomandibular fixation (MMF) makes nutritional intake more difficult and
weight loss is inevitable. However, a large selection of nutritional supplements is
available to patients in liquid form that will minimize weight loss and malnutri-
tion (10).

Pre- and postoperative patient positioning and bedside suction devices can sim-
plify the ability of patients to manage oral secretions and bleeding in the immediate
postinjury or postsurgery period. Elevating the head of the bed to a 45 degree angle
allows patients to clear secretions effectively. Postoperative steroids and the use of
ice compresses can be effective at reduction of edema.

Closed Reduction

Accurate reproduction of the pre-existing occlusal state of the patient is the cardinal
rule in treatment of mandible fractures. Mandible fractures can be treated with a
variety of techniques (open reduction, closed reduction, pin fixation, etc.) and with
a wide variety of materials (wires, alloy plates, resorbable plates, lag screws, splints,
etc.) However, proper treatment should be guided by using the simplest method to
achieve the most predictable favorable result. Mandible fractures amenable to treat-
ment by closed reduction are the following (all in dentate patients with a pre-existing,
reproducible occlusion):

Figures 16, 17 In mandible fractures with teeth in the line of fracture, strong consideration

should be given to removal of teeth if considerable root exposure is evident.

606 Lincoln



1. Minimally to moderately displaced simple or compound fractures
(favorable)

2. Most condyle fractures
3. Fractures in children
4. Severely comminuted fractures or fractures in which overlying blood

supply has been compromised

Simple, time-tested, and predictable closed reduction techniques for use in the
four aforementioned categories are Ivy loops and circumdentally affixed arch bars
(Figs. 18–22). Ivy loops, named for their proponent Dr. Robert Ivy, can be a simple
and effective means of reducing and immobilizing minimally displaced favorable
fractures in compliant patients with a stable occlusion (11). A 24-gauge wire can
be used to fabricate a loop on itself, and is affixed to teeth (Fig. 23) utilizing a needle
driver, local anesthetic, and a wire cutter. Pigtails can be left on the wire ends to affix
elastic or wire traction, elastics being preferred for patient safety. If the patient
becomes nauseous or vomits, elastics can be easily cut. Ivy loops can be affixed to
each dental quadrant singly or in pairs.

Arch bar fixation is a time-tested and reliable technique that results in more
stable fixation than Ivy loops alone (Fig. 24). Arch bars come in a variety of styles,
both malleable (Erich type) and semirigid (Winter or Jelenko type). Semi rigid vari-
eties offer improved transarch stability and can be useful in cases in which the max-
illa or mandible is missing multiple teeth. The most commonly accepted technique
for affixing arch bars to the dentition is via circumdental 24-gauge wires. The two
force ends of the wire are tightened in a pigtail fashion over the bar under continuous
apical pressure. Arch bar ligatures should typically run from the first or second
molars to the canines. Anterior teeth can be utilized, when necessary, but caution
should be used because 24-gauge wires have been known to orthodontically move
incisors labially or rotationally. A smaller 26-gauge wire is recommended if anterior
tooth ligation is needed. Reduction of segments should be with elastic or box wire
traction of arch bars into an acceptable occlusion before definitive tightening of cir-
cumdental wires, proximal to the fracture site. Arch bars should be affixed tightly
without evidence of vertical or horizontal mobility. Tooth-bearing fractures (sym-
physis, body) should, as a general rule, be reduced prior to non-tooth-bearing frac-
tures (angle, ramus). Arch bars also provide a stable point of fixation for luxated
mobile teeth and dentoalveolar segment fractures. Following closed reduction of
fractures, it may be determined that a previously nondisplaced fracture, for example,
in the angle, is now significantly displaced and nonreducible. In such cases, the prac-
titioner will need to weigh the indications for open reduction and at times change the
initial treatment plan. Closed reduction techniques demand patient compliance with
maxillomandibular elastic traction (immobilization) for 4–6 weeks prior to release.
Thus, patients with behavioral difficulties or those at risk for significant aspiration
(alcoholics, patients with Alzheimer’s disease) may require more predictable, defini-
tive treatment or overtreatment to effect a more predictable outcome. Mobility at the
fracture site has been shown to lead to malunion, nonunion, and osteomyelitis (2).
Persistent trismus often results from prolonged maxillomandibular fixation; physical
therapy is often useful to obtain a return to normal range of motion.

Two other techniques categorized as closed reduction methods for treating
mandible fractures apply to situations in which a dentate mandible opposes an
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Figures 18–22 Management of a nondisplaced mandibular angle fracture through a
wisdom tooth. Removal of the wisdom tooth followed by a closed reduction with arch bars

resulted in anatomical alignment.
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edentulous maxilla, or vice versa. In the first scenario, the patient’s pre-existing
denture can be modified (Fig. 25) with acrylic to affix an arch bar or a
Gunning-type splint can be fabricated from acrylic (12). This is then affixed to
the maxilla by screw fixation at the pyriform rims, zygomatic buttresses, or palate.
Pyriform rim wires or perialveolar wires can also be used. An arch bar is then

Figure 23 Ivy loop application.

Figure 24 Maxillomandibular fixation with elastics.
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affixed to the dentate mandible and a standard closed reduction is then performed
using the maxillary denture as the occlusal basis for proper alignment followed by
elastic traction fixation (Figs. 26–28). Wires and=or screws are removed at the time
treatment is completed. If a dentate maxilla opposes a fractured mandible with a
limited number of teeth, a modification of the patient’s mandibular partial denture
or fabrication of an acceptable splint can be performed in a similar fashion. This
can then be affixed to the mandible via circummandibular wires, with care being
taken to avoid wire proximity to the fracture site. Care should also be taken to
avoid injury to the mental nerve as it exits the mandible and to the submandibular
duct and contents of the floor of the mouth. A standard closed reduction can then
be created via elastic traction fixation.

Open Reduction

Mandible fractures amenable to treatment by open reduction include the following:

1. Moderate to severely displaced simple or compound fractures
2. Fractures nonreducible by closed means
3. Fractures opposing an edentulous maxilla or nonoccluding maxilla
4. Unfavorable fractures

Excluded from these indications for special consideration are edentulous
mandible fractures, mandible fractures in conjunction with panfacial fractures,
and avulsive or pathological fractures.

Open reduction techniques for treating mandible fractures are numerous, ran-
ging from both intra- and extraoral approaches, with variations in materials such as
wires, wire mesh, plates and screws, lag screws, eccentric dynamic compression
plates, resorbable plates, and others. However, the basis for treatment by open
reduction or closed reduction should be the same: re-establishment of an acceptable
occlusal relationship for the patient in a predictable and safe fashion. In most cases
requiring open reduction, a closed reduction is performed initially to approximate an
occlusal relationship. A closed reduction serves to guide the practitioner in a func-
tional as well as anatomical alignment of mandibular segments. With the occlusal
relationship established, open reduction techniques then provide a means of rigidly
or semirigidly immobilizing and maintaining bony segments in an acceptable posi-

Figure 25 Use of the patient’s maxillary dental prosthesis to aid in establishment of proper

occlusion in conjunction with open and closed reductions.
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tion with or without compression. Bone edges approximated under compression are
thought to undergo more rapid osseous healing (2).

Extraoral approaches to the mandible include the submandibular or Risdon
approach, the retromandibular approach, the submental approach, the preauricular
approach, and through existing lacerations. Each approach has its particular
strengths and weaknesses. Intraoral access can be gained to most anatomical regions
of the mandible via a vestibular incision in the mucosa or by a traditional Obweges-
ser approach to the ramus and low condylar neck=coronoid regions (13). Extraoral
approaches lend themselves well to the use of bone screws and rigid plating systems
of all types, allowing wide visualization and the ability to place bicortical screws
safely. Intraoral approaches are useful to access oblique fractures of the anterior
mandible when lag screw fixation is desired and for placement of plates and screws
(low condyle fractures) or border wires (Figs. 29–31).

Wire osteosynthesis is a time-honored method for the treatment of mandible
fractures. However, with the advent of rigid fixation techniques many practitioners
now have limited experience in the use of direct transosseous wiring. Perhaps the

Figure 26–28 In the case of a dentate mandibular fracture opposing a limited maxillary
dentition, dental models can be utilized to fabricate acrylic splints with arch bars to establish a

stable occlusal relationship.
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Figure 29–31 Intraoral approach to anterior mandibular symphysis fracture.
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most common use currently is the intraoral superior border wire, for the treatment of
mandibular angle fractures. Long-term intermaxillary fixation is required when wire
osteosynthesis is used as a treatment option due to the wire’s inability to limit multi-
dimensional mobility at the fracture site during typical mandibular function. Wires
can also be useful adjuncts to manipulate segments in conjunction with extraoral
open reduction techniques.

Rigid fixation techniques (or semirigid techniques) differ from wire fixation
techniques in several important ways. Rigid fixation techniques maintain stability
across a fracture site with an increased surface area (of device) to bone interface
compared to wires and these techniques generally do not require prolonged inter-
maxillary fixation. However, there is a wide variety of alternatives to consider within
this particular technique category: plate material and thickness, screw size and
thread pitch, mono- or bicortical crews, tension band plates, neutral zone plates,
compression plates, lag screws, reconstruction plates, wire meshes, and resorbable
plates. Lag screws generate substantial cross-fragment compression and load shar-
ing. The concepts of tension band plates, neutral zone (static plates), and compres-
sion plates are well documented in the literature (14). Compression plates (thicker
bicortical-affixed plates) compress bony segments when placed across a fracture
via eccentrically placed holes (Fig. 32). This compression is believed to promote
enhanced bony healing with no intervening callus formation. Tension band plates
(smaller monocortical-affixed plates) resist tensile forces along the superior aspect
of the mandible. Arch bars have been described as effective tension bands. Neutral
or static bone plates (bicortical-affixed) do not offer compression across fracture
lines. Wire mesh does offer some three-dimensional stability depending again on size
and material. These meshes generally are indicated in avulsed or severely comminu-
ted fractures requiring bone grafting. Resorbable plates and screws, currently under
close scrutiny regarding biodegradation issues, still have considerable mechanical
limitations over equivalent alloy plates and screws (15).

Fractures of the edentulous mandible are categorized unto themselves. The
appropriate management option selected to treat the edentulous mandible fracture
should take into consideration the age of the patient, the degree of functional disabil-
ity postoperatively, the severity and type of fracture, and, most importantly, whether
the mandible is edentulous and atrophic (pencil thin). Closed reduction techniques

Figure 32 Extraoral approach to mandibular body fracture. Note bicortical penetration of

screw.
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using the patient’s existing dentures (modified) or Gunning-type splints are indi-
cated when MMF with splints will offer adequate segment control and reduction.
Circummandibular wires (24-gauge) are used to affix the denture or splint with an
arch bar to the maxilla. The dentures or splints should be modified by placement
of arch bars (or sections thereof) along the labial flanges and interocclusal keys
should be developed occlusally to serve as occlusal stops to prevent sliding displace-
ment (Figs. 33–44). Since the blood supply to the atrophic mandible is nearly entirely
supplied by the periosteum, open reduction techniques on these fractures should only
done if closed reduction techniques (or biphasic pins) are unsuccessful (16). As stated
by Rowe and Williams, ‘‘adequate opposition of the fractured bone ends by closed
methods is often difficult, and even in comparatively undisplaced fractures, there
may be periosteal stripping by the hematoma to a degree which renders the area
ischemic. Non union is not at all uncommon in these circumstances’’ (17). Open
reduction with immediate bone grafting is another method advocated for treating
severely atrophic mandible fractures.

Figures 33–44 Management of a bilateral mandible fracture (condyle, ramus) in an
edentulous patient. A maxillary splint is fabricated and affixed to the maxilla with transplated

screws and piriform rim wires. A mandibular splint is fabricated and affixed to the mandible
with circummandibular wires. Maxillomandibular fixation is achieved with elastics. An open
reduction is performed after establishment of a proper occlusal relationship.
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Figures 33–44 Continued.
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Complications

Avoiding complications is critical to successful management of all injuries. Compli-
cations associated with treating mandible fractures have been discussed in previous
sections, but a number of observations warrant further mention. Infection is the
most common complication seen, ranging from 5 to 10% on average. Most practi-
tioners would agree that closed reduction techniques exhibit the lowest rate of
infection. Conversely, the highest infection rates are found in cases managed with
open nonrigid techniques, most likely because of the lack of rigidity at the frac-
ture site (2). Several factors are associated with postoperative infections including
the presence of mobile, carious, or periodontally involved teeth in the line of the frac-
ture; fracture severity and compromise of overlying soft tissue; pre-existing systemic
illnesses that impair wound healing (e.g., diabetes); mobility at the fracture site; and
patient noncompliance (alcohol, drug abuse, poor dietary control).

Malocclusion is a significant complication associated with the treatment of
mandible fractures. Numerous studies in the literature associate an increased inci-

Figures 33–44 Continued.

Figure 45 Injudicious screw placement can jeopardize not only tooth roots but also the

inferior alveolar nerve.
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dence of malocclusion to cases treated with rigid fixation. The practitioner must con-
stantly remind himself that improperly adapted or applied hardware will result in
malocclusion. Also, no patient should leave the operating room until the occlusion
has been repeatedly verified to be proper and sound. This may require removal
and replacement of elastics, splints, or intraoperative radiographs to correlate and
confirm the clinical findings. If the mandibular condyle is torqued or displaced
out of the glenoid fossa during treatment, a malocclusion will exist. Malocclusions
can be treated postoperatively depending upon the severity and time of detection.
All but the most minor cases will require operative intervention. Attempts to correct
postoperative malocclusions should be made quickly prior to definitive bony healing,
or osteotomy may be the only effective therapy.

Nonunion and fibrous union of mandible fractures are uncommon and most
often related to mobility at the fracture site, infection, and poor patient compliance
(2). The practitioner should always be aware of the risk of iatrogenic injury to cranial
nerves 5 (inferior alveolar nerve) and 7 as well as injuries to tooth roots by injudi-
cious screw or wire placement (Fig. 45). Teeth whose roots are injured by a drill
or penetrated by hardware will likely devitalize, necessitating removal of not only
the teeth but also the hardware.

DENTOALVEOLAR FRACTURES

Examination

A brief mention of dentoalveolar injuries (fractured, subluxed, avulsed teeth, and
dentoalveolar segment injuries) is warranted because these wounds often accompany
mandible fractures and can even mimic mandible fractures (18). However, they are
significant injuries themselves and deserve prompt attention and treatment. These
injuries are more likely to be seen in a younger patient population (children and ado-
lescents). A thorough history and examination should account for all teeth in any
given individual, especially in patients with mixed (deciduous and permanent) denti-
tion. Teeth that cannot be accounted for by the patient, parents or by examination
warrant radiographic studies of the abdomen, chest, neck, and facial soft tissues to
rule out their presence in these areas. The right main stem bronchus is the frequent
site of aspirated teeth secondary to tracheopulmonary anatomy; these require
bronchoscopy for removal.

Diagnosis and Treatment

The teeth should be carefully inspected for fractures of enamel or dentin, especially
those that extend to the neurovascular supply (pulp) of the tooth. Mobility of teeth
should be evaluated in an attempt to ascertain whole-tooth luxation or avulsion vs. a
fracture involving the root of the tooth. Movement of two or more teeth in unison
suggests an en-bloc fracture of the alveolus. A distinction should be made between
deciduous (baby) teeth and succedaneous (permanent) teeth: significant injury to
deciduous teeth (mobility, fractures exposing the pulp, severe intrusions) should gen-
erally guide the practitioner toward removal of the injured tooth, whereas the same is
not always true of permanent teeth. Of course, many factors including the age of the
patient, concomitant injuries, patient cooperation, alveolar injury, and length of time
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from injury to treatment should all be considered. General anesthesia or sedation
may be required for a thorough examination in some patients. Dental periapical
radiographs may not be available in a given practice setting to help evaluate such
injuries. In such cases, it may be better to defer definitive treatment until the patient
can see a dentist or an oral and maxillofacial surgeon for a thorough evaluation.
Totally avulsed teeth stand the best chance for successful reimplantation if replaced
and stabilized within 30min. Most reimplantations are not successful if reimplanted
after more than 2 h, usually failing due to external root resorption (19). Deciduous
teeth are generally not reimplanted. Dentoalveolar segment fractures should be
manually reduced into proper occlusion and immobilized using acrylic splints, exist-
ing dental orthodontic retainers, acid etch resins, or circumdental wiring to a secured
Erich arch bar. A generally accepted time frame for immobilization is 4–6 weeks.
Gingival health is critical for the successful outcome of dentoalveolar fractures,
any splint should exert minimal pressure on the gingival tissues and underlying
alveolus. Pressure in these areas can compromise periosteal blood supply to the
underlying bone, leading to mucosal ulceration and breakdown with an increased
risk of infection.

CONDYLAR INJURIES

The temporomandibular region is involved in a significant percentage of facial and
mandibular injuries. Condylar fractures account for 25–35% of all mandibular
fractures (17). Fractures, effusions, hemarthroses, and dislocations are found that
can result in significant morbidity if not properly treated, including joint ankylosis,
malocclusion, internal meniscal derangement, and growth disruption (20). As with
all mandible fractures, the age of the patient, mechanism of injury, and force play
major roles in determining the type, location, and severity of the injury. While dis-
location at the TMJ can occur in all planes, the most common is anterior disloca-
tion caused by a blow, yawning, vomiting, (some may be self-reducing).
Dislocations can occur unilaterally or bilaterally. The two most comprehensive
classification systems for condylar injuries are described by Lindahl and MacLen-
nan (21,22). Important differentiating characteristics include the degree of displace-
ment across the fracture, the degree of deviation of the condylar process with
respect to the distal fragment, the location of the fracture (condylar head, condylar
neck, or subcondylar), and the degree of displacement of the condyle from its
fossa.

Diagnosis

A history and clinical examination should be directed toward suggestive signs and
symptoms of condylar injuries such as deviation of the mandibular midline, preauri-
cular pain, swelling, tenderness, malocclusion, bleeding from the external auditory
canal, and chin contusions or lacerations. Plain radiographs should be obtained initi-
ally. Any injured patient for whom a high level of clinical suspicion remains despite
negative lateral oblique, Towne’s, posteroanterior, or panoramic views should
undergo CT scanning to assess for subtle fractures (e.g., sagittal fractures may be
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missed by plain radiography). The Towne’s view is exceptional at displaying the
degree of medial displacement; an empty glenoid fossa on CT scan should raise a
strong suspicion of a fracture dislocation out of the fossa.

Treatment

Dislocations

Patients can present with TMJ dislocation injuries that are acute or chronic, and uni-
lateral or bilateral. Often precipitated by yawning or vomiting, these injuries should
be radiographically documented and diagnosed prior to commencing with attempts
at reduction. Because reduction of long-standing dislocations has a relatively low
success rate, every attempt should be made to ascertain the duration of the disloca-
tion (hours, days, weeks, or months). Chronic dislocations, refractory to manual
reduction, will likely require surgical management. Acute dislocations can generally
be managed by manual manipulation and reduction, with or without the aid of local
anesthesia or intravenous sedation. Refractory cases may require a general anes-
thetic in rare cases. Reduction is accomplished by seating the patient in an upright
position, in front of the practitioner, and placing the thumbs over the posterior man-
dibular molars (or mandibular retromolar pads in edentulous patients). With a
strong tilting motion, the mandible is pushed in a posteroinferior fashion with stea-
dily increasing force and the patient is instructed to close down at the first sign of
posterior movement. Once the baseline occlusion has been re-established, immobili-
zation via intermaxillary fixation, a Barton bandage, or other means is generally
indicated because muscle spasms can easily cause repeat dislocation (23). Cases of
prolonged dislocation (greater than 1 month’s duration), while rare, are unlikely
to reduce and may require surgical management via condylotomy, condylectomy,
or osteotomy. Cases of persistent, recurrent dislocation can be managed by numer-
ous techniques beyond the scope of this chapter.

Fractures

The treatment of condyle fractures is an area of frequent debate in the oral and max-
illofacial literature. These fractures can be managed conservatively by closed reduc-
tion and intermaxillary fixation or by open reduction and direct fixation of
segments. The goal of both methods is to establish a proper occlusal relationship
while mobilizing the TMJ apparatus as soon as is functionally possible. Complica-
tions, inherent in any condyle fracture, may be aggravated by attempted open sur-
gical repair including malocclusions, mandibular deviations, facial asymmetry
(facial nerve paresis), trismus, internal derangements (meniscal dysfunction), and
growth disturbances in growing patients. The literature is replete with evidence sug-
gesting that closed reduction methods (MMF via Ivy loops or arch bars, with train-
ing elastics and proper diet) are successful with minimal complications for the vast
majority of patients.

Integral to conservative (closed) therapy is determining the appropriate dura-
tion of intermaxillary fixation, determination of the need for training elastics, and
a properly instituted dietary advancement from full liquids to soft solids to no
restrictions. Minimally displaced fractures with minor occlusal disturbances will
require less MMF (7–14 days), whereas more significantly displaced fractures or
fractures causing significant occlusal disruption (bilateral fractures) will require
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more time in MMF (4 weeks). This time allows for bony union to occur. During this
period, close follow-up is required and elastics can be removed to assess for lingering
occlusal disharmony. Following release of MMF, if deviation or prematurity is
apparent in the occlusion, training elastics should be utilized to guide the patient
in a straight up and down, even midline, motion. Training elastics can be used, gen-
erally up to 3 weeks, once the practitioner believes bony union has occurred. The
patient is instructed on dietary advancement and physical therapy to enhance joint
mobilization. After elastics are no longer needed, the arch bars or Ivy loops can
be removed. If slight posttreatment deviation is noted, or occlusal prematurities
are evident, occlusal adjustment (selective grinding of teeth) and orthodontic consul-
tation may be of benefit.

In cases of intracapsular fracture or severe comminution of the condylar head
and neck, open reduction is contraindicated and fixation is often not an option.
Open reduction of condyle fractures, while a viable treatment option, is often
reserved for cases clearly demanding of its merits. Inability to establish occlusion,
fracture dislocation into the middle cranial fossa, and lateral extracapsular fracture
dislocation of the condyle have been noted by Zide and Kent and by Raveh and
others as absolute indications for open reduction (24),(25). Relative indications
include the patient’s inability to comply with closed reduction methods and fractures
associated with panfacial trauma. Advantages of open reduction techniques over
closed techniques include a shortened interval of MMF and early mobilization of
the joint.

The practitioner is wise to perform an initial closed reduction, if possible, on
patients undergoing open reduction of condyle fractures to establish the occlusion
properly. Proper rigid fixation techniques will then immobilize an anatomical reduc-
tion (Fig. 46). Open reduction with wires still requires a period of MMF. The prin-
cipal surgical approaches to condylar fractures are the preauricular approach (and

Figure 46 Closed reduction in conjunction with open reduction of a mandibular condyle
fracture.
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its modified versions), the submandibular (or Risdon approach), and the intraoral
approach. An endoscopic approach is also described. Fracture location and displa-
cement may dictate multiple approaches.

It is acceptable to treat condyle fractures (when minimally displaced to nondis-
placed with no occlusal deviation, discrepancy, prematurity, or otherwise) in the
compliant patient with a liquid diet for 7–14 days to achieve an adequate bony
union. However, close follow-up must be maintained in these patients; if a malocclu-
sion should occur, intermaxillary fixation is indicated. Condyle fractures in the eden-
tulous mandible can be managed in a similar fashion if minimally displaced. If there
is significant displacement (e.g., bilateral fracture cases), closed and=or open reduc-
tion may be indicated but the degree of occlusal disharmony should be the guide in
dictating treatment, not necessarily the radiographic findings. Coronoid fractures, as
a rule, do not require reduction or fixation. They are generally treated by removal of
the segment only if they interfere with reduction of other fractures or pose a risk of
bony ankylosis to the zygomatic arch.

MANDIBULAR FRACTURES IN CHILDREN

The treatment of the child with a mandible fracture presents a challenge for the prac-
titioner. Approximately 25% of all facial fractures in children occur in the mandible
(26). Rowe has classified children into four groups based on their dental develop-
ment, which can be used as guides for choice of treatment (27). Patients up to 2 years
of age with mandible fractures are best managed by splinting the mandible and its
associated erupting deciduous teeth. A single jaw splint, without MMF, should be
fabricated to accommodate the maxillary dentition in a noninterfering fashion and
secured with circummandibular wires. Two to 3 weeks is sufficient for early union.
Open reduction is possible for fractures that are nonreducible by conservative
means, with wires or miniplate fixation. Great care should be taken to avoid injury
to the tooth buds. Patients aged 2–4 years can be treated in closed fashion with Ivy
loops or circumdental wires to effect a closed reduction with elastics, or an open
reduction can be utilized as in the earlier age group. Children between the ages of
5 and 8 will display varying degrees of deciduous tooth loss (or loss of root length
as they shed) and succedaneous tooth eruption (teeth may be partially submerged
and unavailable for wire ligation). In most cases, the deciduous molars act as the
anchoring teeth for closed reduction techniques with wires. Ivy loops and circumden-
tal wires with pigtails can be effective for unilateral fractures, but an open reduction
or combined open and closed approach may indicated based on the severity of frac-
ture, relative tooth stability, and the number of teeth available. Patients appro-
ximately 9 years older and up can be treated like adults, depending on their
individual dental development.

In children, a closed reduction (MMF) of 2–4 weeks duration is generally satis-
factory to obtain early bony union. The condyle is fractured in 40–60% of all pedia-
tric facial fractures (28). According to the now-accepted functional matrix theory
proposed by Moss, the condyle responds to growth in the surrounding soft tissue
envelope of the mandible (29). Therefore, in growing children (prior to their teens),
the condyle exhibits an amazing capacity to remodel and compensate for traumatic
insults (30). Growth disturbances seen in children who have sustained TMJ trauma
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Figure 47–49 Debridement of necrotic bone in osteomyelitis superimposed a previously
untreated mandible fracture. Note radiographic reduction via biphasic pin fixation and

indwelling irrigation catheter.
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include ankylosis, deviation, facial asymmetry, diminished ramus height, and inter-
nal derangements. Following trauma, especially in untreated fractures, fibrosis and
bony ankylosis may have significant detrimental effects on mandibular growth.
Hence, early treatment, close follow-up, and appropriately timed periods of MMF
(7–14 days) with close monitoring for judicious use of training elastics and physical
therapy (exercises to mobilize and properly load the joint) are essential components
of treatment to ensure a successful outcome. Given the plasticity of the pediatric
mandible, minor aberrations in occlusion and dental alignment are usually of no
concern. When these inherent compensations prove inadequate after treatment,
orthodontic therapy provides another adjunct to manage the child after a mandible
fracture.

Figures 50, 51 An untreated mandible fracture resulting in acute osteomyelitis.
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AVULSIVE MANDIBULAR INJURIES

Treatment of avulsive mandibular injuries should be viewed from three perspectives:
triage, setup surgery, and definitive (reconstructive) treatment. In some cases, these
three objectives can be met with one surgery. In other cases, multiple operating room
visits may be required. In most circumstances, re-establishment of occlusion is not
the only consideration. Restoring facial contour, tissue bulk, deglutition, and speech
are also goals. When discussing infected mandible fractures, a diagnostic distinction
between osteomyelitis and overlying soft tissue infection or dental infection (pericor-
onitis) is not always clear. However, because most mandible fractures are compound
through the dentition, the risk of bacterial invasion to medullary bone poses a sig-
nificant risk of osteomyelitis. Risk factors for development of osteomyelitis in frac-
tures of the mandible include old, untreated compound fractures; inadequate
immobilization or fixation; a devitalized tooth in the line of fracture; and diminished
host defense (usually in diabetics or alcoholics) (1,2).

Treatment of a mandible fracture in the presence of osteomyelitis demands
aggressive surgical therapy coupled with targeted antibiotic coverage. Incision and
drainage are often required, and debridement of necrotic cortical and medullary
bone should be performed until healthy bleeding bone is encountered (Figs. 47–
49). Placement of irrigation or drainage mechanisms is often helpful, especially in
extensive cases. Immobilization of fracture segments is a critical element to success-
ful treatment and multiple means of fixation (biphasic pins, reconstruction plates,
closed reduction) have been advocated. Secondary delayed reconstruction and bone
grafting is often required in cases of limited remaining bone volume or in disconti-
nuity defects.

Treatment of avulsive mandibular injuries (e.g., gunshot wounds) and grossly
infected mandible fractures is inherently more complex (Figs. 50,51). The biphasic
pin fixation system is a simple technique that is often useful under these circum-

Figure 52 Acute osteomyelitis in a fracture of the mandibular angle. Note bony sequestrum.
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stances (31). This treatment method that can be utilized in a closed or open fashion,
alone or in conjunction with other techniques. The biphasic pin method allows man-
dibular function and movement across broad gaps of tissue loss or infection with
limited segmental mobility. This method should be avoided in maximally irradiated
patients, osteoporotic mandibles, and in grossly contaminated wounds involving loss
of cheek tissue over the mandible (32). The technique is useful in complex fractures
of the edentulous mandible. Proficiency is required to master the technique, but its
clinical success is well documented. It has two phases of application. The first is
initial placement of percutaneous bicortical lag-type screws to the underlying mand-
ible at a distance from the gap or infection (Figs. 52–54) to which attaches an exter-
nal fixation jig used to reduce the segments (Fig. 55). In the second phase, a

Figures 53,54 Placement of percutaneous screws in biphasic pin fixation.
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Figure 55 Placement of external fixation jig and template for acrylic bar (a modified
endotracheal tube) in biphasic pin fixation.

Figure 56 Acrylic bar stabilizing mandible fracture in biphasic pin fixation.
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continuous acrylic bar is applied to the screws to maintain alignment and immobi-
lization and to allow removal of the jig (Fig. 56). Great care must be taken to avoid
injury to tooth roots and the inferior alveolar nerve when placing biphasic pins.
Some facial scarring is expected at the site of screw penetration into the skin. Due
to the severity of the injury, prolonged fixation beyond 4–6 weeks is commonly
required.

SUMMARY

The proper treatment of mandible fractures and dentoalveolar injuries requires the
practitioner to correlate a detailed patient history with results from a comprehensive
examination and pertinent good-quality radiographs. Re-establishment of a proper
occlusal relationship in a predictable fashion while minimizing foreseeable complica-
tions should be the guiding rule for clinicians. This will often necessitate coordina-
tion of care with other surgical specialties, as in the multitrauma patient, so that
proper sequencing of treatment optimizes surgical outcomes. This is especially true
in the patient with panfacial trauma. Numerous treatment schemes have been pro-
posed in the literature to sequence care in the panfacial trauma patient (bottom to
top, inside to outside, etc.). Practitioners who treat these patients realize that neuro-
surgical, ophthalmological, orthopedic, and critical care concerns may dictate
restructuring one’s traditional approach to such cases. The clinician’s judgment (in
choosing an appropriate treatment method) is ultimately responsible for the overall
successful management of a case. It should be our responsibility as practitioners to
evaluate critically our treatment outcomes to ensure that our clinical skills and jud-
gement remain timely and sharp.
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Zygomatic Complex and Internal
Orbital Fractures

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

ZYGOMATIC COMPLEX FRACTURES

Etiology, Definition, Demographics, Signs, and Symptoms

A zygomatic complex (ZMC) fracture is characterized by traumatic disarticulation
of the zygomatic bone from the facial skeleton along four major sutures including
the frontozygomatic, sphenozygomatic, zygomaticomaxillary, and zygomaticotem-
poral. A ZMC fracture is also often incorrectly referred to as a tripod fracture. This
fracture is more accurately termed a tetrapod due to its separation from the facial
skeleton along four (not three) suture lines. Any classification scheme must differ-
entiate zygoma fractures that are isolated to one segment of the zygoma bone
(e.g., zygomatic arch) from those involving disarticulation of the zygoma bone from
the facial skeleton (tetrapod).

A ZMC fracture is usually caused by a low-energy blunt blow over the lateral
orbital rim and malar eminence during a motor vehicle accident or assault. ZMC
fractures are the second most common facial fracture (nasal fractures are most fre-
quent) occurring most often in men 20–40 years of age.

The signs and symptoms of a ZMC fracture include periorbital, buccal,
and conjunctival ecchymoses; epistaxis; malar flattening; palpable bony steps
over the inferior and lateral orbital rims and the zygomaticomaxillary buttress
under the lip; numbness over the cheek (in more than one half of cases); tris-
mus (one-third of cases); enophthalmos (rare); and the Pulfrich phenomenon
(very rare) (1) (Fig. 1). The Pulfrich phenomenon describes a disturbance in
stereoscopic vision that occurs due to aberrancies in retinal latency (2). It is
detectable in fewer than 4% of patients. Central stereoscopic processing is
impaired and objects moving in a straight line are perceived as moving along
a hyperbolic curve. This is particularly evident when driving a car, since oncom-
ing traffic may appear to be crossing the centerline. Correction requires the use
of a tinted lens over the normal eye to increase retinal latency to match the
affected eye.
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The zygomatic bone tends to displace inferomedially, crushing the anterior
wall of the maxillary sinus resulting in a palpable bony step over the area. The step
is felt under the lip over the face of the maxilla. Epistaxis results from lacerations
in the maxillary sinus mucosa. The infraorbital canal creates an area of weakness
along the orbital floor and the fracture line usually follows this structure poster-
iorly from the zygomaticomaxillary suture line at the orbital rim. As a conse-
quence, contusion and dysfunction of the infraorbital nerve is a common
finding. Although trismus is often thought to be due to impaction of the zygomatic
process onto the coronoid process of the mandible, it is more likely due to spasm
of the temporalis and pterygoid muscles. Enophthalmos in the immediate post-
injury period indicates a significant defect in the bony orbital cavity that may
require surgical intervention beyond reduction and fixation of the zygomatic bone.
Separation of the zygomaticomaxillary and sphenozygomatic suture lines increases
orbital volume and allows orbital contents to escape. Muscle impingement, double
vision, and globe malposition are possible sequelae. An antimongoloid slant to the
palpebral fissure is common due to inferior displacement of Whitnall’s tubercle and
the lateral palpebral ligament. Globe injury occurs in approximately 5% of cases
and ophthalmological consultation is mandatory (3). Common injuries involving
the globe itself include vitreous hemorrhage, hyphema, optic nerve contusion,
and corneal abrasion.

Figure 1 Patient sustained a left ZMC fracture. Note periorbital ecchymosis and obvious
malar flattening.
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Pertinent Anatomy

Surface Anatomy

The malar eminence, globe, and lateral canthus are the main surface anatomical
structures affected by a ZMC fracture. These structures are difficult to assess acutely
in the presence of edema and bruising. Malar (cheek) symmetry is the most useful
external indicator of accurate reduction. However, cheek prominence and apparent

Figure 2 The area posterosuperior to the intersection of lines tangent to the tragus and

inferior edge of nasal ala and oral commissure and lateral canthus represents the expected
most prominent area of the malar eminence.

Zygomatic Complex/Internal Orbital Fractures 631



symmetry alone are inadequate in all but the most straightforward cases. Neverthe-
less, it useful to appreciate the aesthetics of the malar eminence and to appreciate
where the most prominent area of the eminence is normally located. In the frontal
view, a line is drawn from the lateral oral commissure to the ipsilateral lateral
canthus. Another line is drawn from the tragus to the inferior edge of the nasal
ala. The area posterosuperior to the intersection of these two lines represents the
most prominent area of the malar eminence (4) (Fig. 2).

The globe is intimately associated with the zygomatic bone and is invariably
affected by ZMC fractures. The zygomatic bone forms a major portion of the floor
and lateral wall of the orbit through its frontosphenoidal and orbital processes.
Although the bony orbital floor is disrupted, anatomical reduction of a simple
ZMC fracture usually results in restoration of normal orbital volume and bony
floor support. In addition, Lockwood’s ligament provides further support for the
globe. However, in cases with extensive disruptions of the orbital floor and medial
wall associated with herniation of the periorbita, significant permanent enophthal-
mos may result. Enophthalmos greater than 2mm is usually noticeable. Enophthal-
mos associated with disruption of the orbital walls that is noted preoperatively is
an ominous sign and an absolute indication for orbital exploration and reconstruc-
tion. Disruption of the orbital floor posterior to the axis of the globe results in
enophthalmos and disruption anterior to the axis of the globe results in vertical
dystopia.

Inferior displacement of the ZMC (including the frontosphenoidal process)
results in inferior displacement of its attached lateral retinaculum and lateral
canthus. The palpebral slit slants (antimongoloid) and often becomes foreshortened.
An inaccurate reduction may result in retention of these features postoperatively.
The lateral palpebral ligament includes superficial and deep limbs that course from
the orbital septum and lateral tarsal borders to the lateral orbital rim. The superficial
component is thin and ill-defined, inserting into the fascia over the superficial aspect
of the lateral orbital rim. The deep limbs are distinct fascial bands that originate at
the lateral borders of the superior and inferior tarsal plates and insert onto the med-
ial aspect of the lateral orbital rim at Whitnall’s tubercle. The normal position of the
lateral canthus is variable depending on the age, gender, and race of the patient.
Young women tend to have lateral canthi that are slightly elevated compared to their
medial canthi. With age, the lateral canthi tend to descend and lie on the same hor-
izontal plane. Another important feature of the lateral canthus is its relationship to
the upper lid fold. The lateral aspect of the lower lid should gently slope upward
toward its lateral insertion, and should appear to tuck slightly under the upper lid
fold (Fig. 3).

Zygomatic Bone

The zygomatic bone has four processes: the frontosphenoidal, orbital, maxillary, and
temporal. These processes articulate with the surrounding facial skeleton at the fron-
tozygomatic, sphenozygomatic, zygomaticomaxillary, and zygomaticotemporal
sutures, respectively. The frontosphenoidal and orbital processes form the majority
of the lateral and inferolateral bony orbit. In addition, Whitnall’s tubercle is an
important anatomical landmark located approximately 9mm inferior to the fronto-
zygomatic suture and 3mm posterior to the lateral orbital rim (5). Whitnall’s
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tubercle serves to anchor several essential structures including the lateral canthal ten-
don, check ligament of the lateral rectus muscle, suspensory ligament of Lockwood,
and lateral extension of the levator aponeurosis.

The zygomaticofrontal (ZF), zygomaticotemporal, zygomaticomaxillary
(ZM), and sphenozygomatic sutures define the articulations of the zygomatic bone
with the surrounding facial skeleton (Fig. 4). The thickest bone is found within the
frontozygomatic suture and is an excellent site for the application of wires or plates
for fixation. The zygomaticotemporal suture delineates the relatively long zygo-
matic process of the temporal bone from the short temporal process of the zygo-
matic bone. The zygomatic bone’s broadest attachment is with the maxilla both in
the orbit and along the zygomaticomaxillary buttress. The sphenozygomatic suture
is formed from the union of the upper portion of the orbital process of the zygo-
matic bone with the greater wing of the sphenoid. This suture line is curvilinear,
thus providing a valuable guide to accurate three-dimensional alignment of the
ZMC. The lower portion of the orbital process unites with the roof of the maxilla
to form the orbital aspect of the zygomaticomaxillary suture. ZMC fractures
involve at least four skeletal disruptions: sphenozygomatic suture, inferior orbital
rim and floor, ZF suture, and the zygomaticomaxillary suture (hence the term ‘‘tet-
rapod’’ fracture).

The zygomatic arch is surrounded by muscle and fascia that helps to prevent
the displacement of fracture fragments. The temporal muscle passes deep to the arch
within the temporal fossa and the temporal fascia attaches along the superior edge.
The masseter muscle attaches along its inferior border providing firm inferior pull on
fracture fragments against the unyielding temporal fascia. This results in a stabilizing
effect that tends to maintain the contour of the arch despite the lack of rigid fixation
or wires.

Sensory Nerves

The maxillary division of the trigeminal nerve is at risk of injury (e.g., neura-
praxia and neurotmesis) in a ZMC fracture. The main terminal branch of the
maxillary nerve is the infraorbital nerve. The infraorbital nerve is at the highest

Figure 3 Note subtle tuck of the lateral lower eyelid into the lateral upper eyelid.
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Figure 4 Note the many articulations of the zygomatic bone with the surrounding facial

skeleton. These suture lines are the typical areas of separation seen in patients with ZMC
fractures.

Figure 5 Several branches of the infraorbital nerve traverse the zygomatic bone. Specific

areas of anesthesia reflect injury to the corresponding nerve and the surrounding bone.
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risk of injury while branches within the orbital cavity are proportionally less at
risk as one proceeds posteriorly toward the inferior orbital fissure and pterygopa-
latine fossa. Proceeding from anterior to posterior from the infraorbital foramen,
the branches include anterior superior alveolar, middle superior alveolar, and
zygomatic nerves (6) (Fig. 5). The anterior superior alveolar nerve is given off just
proximal to the infraorbital foramen and descends in a groove in the anterior
wall of the maxillary sinus to supply the ipsilateral incisor and canine teeth.
The middle superior alveolar nerve arises from within the posterior part of the
infraorbital canal and runs in a groove in the lateral wall of the maxillary sinus
to supply the ipsilateral two premolar teeth. The zygomatic nerve branches from
the maxillary nerve after it passes through the foramen rotundum within the pter-
ygopalatine fossa. The zygomatic nerve enters the orbit via the inferior orbital fis-
sure and divides into the zygomaticotemporal and zygomaticofacial branches. The
temporal division emerges on the face, exiting the orbit via the zygomaticotem-
poral foramen along the sphenozygomatic suture line. The zygomaticofacial nerve
continues anteriorly within the bony orbit to exit through the zygomaticofacial
foramen in the body of the zygoma. The zygomaticofacial and zygomaticotem-
poral nerves are branches of the zygomatic nerve of V2. The zygomaticofacial
nerve penetrates the orbicularis oculi muscle over the malar area to supply the
skin overlying this area. The zygomaticotemporal nerve passes around the ante-
rior border of the temporalis muscle to penetrate the temporalis
fascia 2 cm above the zygomatic arch to supply the temple area. These nerves
have substantial crossover supply from neighboring sensory nerves including the
auriculotemporal and lacrimal nerves.

The infraorbital nerve divides into three branches including the inferior palpeb-
ral, external nasal, and superior labial. Inferior palpebral branches ascend to supply
the lower eyelid; the external nasal branches supply the nasal sidewall; and numerous
superior labial branches descend to supply the cheek, upper lip, and opposing
mucous membrane.

Patients may complain of dysesthesia or anesthesia of the upper teeth fol-
lowing a ZMC fracture. Sensory disturbances of the incisor and canine teeth indi-
cate a nerve injury anteriorly near the infraorbital canal. Sensory disturbance
involving the premolar teeth indicates nerve injury in the posterior orbit. Rarely
do patients complain of sensory disturbances in the territories of the zygomatico-
facial or zygomaticotemporal nerves despite the fact that these nerves are vulner-
able to injury as they exit directly through the zygomatic bone. Perhaps, with the
significant cross innervation in the areas that these nerves serve, the sensory
deprivation is negligible. The incidence of long-term sensory disturbances within
the distribution of the infraorbital nerve is reported to be approximately 45%
(7,8). Significant permanent nerve injury (Sunderland’s third or fourth degree)
can be found in more than one-third of patients (9). Third-degree nerve injury
(endoneurotmesis) involves disruption of the endoneurium and axons but the
perineurium and epineurium remain intact. Wallerian degeneration occurs, but
since the perineural and epineural layers remain intact partial reinnervation and
incomplete recovery occurs. Fourth-degree nerve injury (perineurotmesis) involves
disruption of the perineurium, endoneurium, and axons. Wallerian degeneration
occurs with incomplete and misdirected axonal regeneration. Nerve recovery is
poor.
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Radiological Examinations

Any patient with a complex midface fracture should be evaluated with a computed
tomographic (CT) scan (5mm slices in the axial and coronal planes). Plain radio-
graphs provide limited information and are usually inadequate for preoperative
planning. Axial CT scanning is useful in evaluating the involvement and degree of
displacement and comminution of the sphenozygomatic suture, zygomatic arch,
and malar eminence. Asymmetry in the height of the cornea is also a good indication
of the presence of enophthalmos or exophthalmos. The coronal images are most use-
ful in evaluating the degree of injury to the bony orbital walls, herniation of perior-
bita, and the displacement and comminution of the inferior and lateral orbital rims
(Fig. 6). The information gained by careful consideration of the preoperative CT
scan is invaluable to planning of the surgery including the various surgical
approaches, the type of reduction likely to be successful (closed vs. open), and the
type and extent of wire or rigid fixation necessary. Objective criteria for orbital
exploration and classification systems based on preoperative CT scanning exist that
assist the clinician in obtaining favorable results. The use of intraoperative CT scan-
ning during the repair of ZMC fractures is possible using mobile units. In institutions
that have mobile units, rapid post-reduction CT scanning should be considered in
patients with complex ZMC and midfacial fractures. Intraoperative CT is especially
useful in detecting errors in reduction of the orbital walls, since these are often
missed using plain films. The advantages of this approach include potential cost sav-
ings in reducing the need for revision surgery and improved outcomes including
fewer cases of late enophthalmos and fracture misalignment (10).

Apart from obtaining a CT, a plain radiograph can be obtained immediately
after reduction and fixation while the patient is still under general anesthesia.
Although the information gained from this type of x-ray is limited, it is valuable for
the detection of gross errors. A single Water’s view (a posterior–anterior projection
with the head positioned at a 27 degree angle to the vertical) is obtained and several
parameters are checked, including stray bony fragments, neglected fractures, bony
orbital volume asymmetry, inferior or lateral orbital rim misalignments, and malar

Figure 6 Coronal CT scan shows inferolateral displacement of the ZMC associated with a

trapdoor orbital floor defect.
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depression. A submentovertex (base) view is useful both preoperatively and intrao-
peratively for the accurate assessment of the position of the zygomatic arch. Plain
films are especially poor at detecting fractures involving the medial orbital wall (11).

Newer three-dimensional CT scan reformations (3D CT) are available that
may assist the surgeon in preoperative planning of unusual or complicated cases.
In a small study of patients presenting with routine facial fractures (n¼ 20) there
was no improvement in the accuracy of interpretations with the addition of 3D
CT (12). However, 3D CT is superior to 2D CT and multiplanar reformation scans
for localization and anatomical characterization of complex fractures (13) (Fig. 7).
Several classification schemes based on radiological criteria attempt to group frac-
tures according to their likely causative, therapeutic and prognostic implications.
Zingg et al. present a simple classification of zygomatic fractures based on over
1000 cases (14). It consists of five types of fractures based on a combination of stan-
dard radiographs and axial and coronal CT (Fig. 8): A (incomplete), B (complete
monofragment), and C (multifragment). The most common type was B (57%) fol-
lowed by C (35%) and A (8%). The fracture sites are as follows: A1— isolated zygo-
matic arch; A2—isolated lateral orbital rim; A3—isolated infraorbital rim; B—
monofragment (classic) ZMC fracture; and C—multifragmented ZMC fracture
(including fracture through the body of the zygoma, typically a high-energy injury).
In general, open reduction is required for displaced types A2 and A3 fractures,
selected type B fractures, and all type C fractures. Adverse outcomes including late
enophthalmos and malalignment are more common with type C fractures.

OPEN SURGICAL APPROACHES

Open reduction of type B and C ZMC fractures may require multiple surgical
approaches for access to the inferior orbital rim and orbital floor, sphenozygomatic
suture, zygomaticofacial suture, and zygomaticomaxillary suture. Often the incisions

Figure 7 Three-dimensional CT scan shows a complex ZMC fracture secondary to a high-

energy injury.
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are remote from the fracture to avoid visible scars or sensorimotor deficits. Although
limited surgical access is often all that is required for selected simple facial fractures,
complex or comminuted fractures demand wider exposure for accurate reduction
and fixation. The modern approach to complex facial fractures is wide surgical expo-
sure that facilitates a three-dimensional assessment of fracture displacement and
application of rigid internal fixation appliances and bone grafts. These craniofacial
surgical approaches emphasize minimally invasive techniques that spare neurosen-
sory structures while maximizing exposure of the facial skeleton. Craniofacial inci-
sions are hidden in areas such as behind the hairline, within the oral cavity, in the
conjunctiva, or under the eyelid.

Surgical exposure of the infraorbital rim and orbital floor involves a transcon-
junctival or transcutaneous route. The transconjunctival approach to the orbital rim
and floor has proved to be superior to the transcutaneous approaches (e.g., subcili-
ary) in the avoidance of postoperative lower lid malposition including ectropion (15).
However, access to both the inferior and lateral orbital rim is often required in ZMC

Figure 8 Classification system for ZMC fractures. Isolated fractures includes types A1, A2,

and A3. Type A1 (A) are isolated zygomatic arch fractures; type A2 (B) are isolated lateral
orbital wall fractures; type A3 (C) are isolated infraorbital rim fractures. Type B (D) fractures
are traditional tetrapod fractures and type C (E) fractures are multifragmented ZMC
fractures. (From Ref. 14.).
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fractures and can be facilitated by the addition of a lateral canthotomy. A lateral
canthotomy may also be added if the exposure to the orbital floor is inadequate.
Exposure of the lateral orbital rim via a lateral canthotomy alone is described but
it requires extensive tissue retraction and the exposure is often inadequate for hard-
ware placement. The addition of a superior cantholysis greatly facilitates the expo-
sure of the lateral orbital rim and ZF suture (16). Lateral canthotomy and
superior cantholysis provide generous exposure of the ZF suture while avoiding a
cutaneous scar in the lateral brow. Exposing the ZF suture in this manner frees
the tissues of the lateral orbit, enhancing the exposure of the sphenozygomatic suture
(aiding reduction). The transconjunctival route to the orbital floor requires a
detailed understanding of the anatomy of the lower eyelid and meticulous surgical
technique. During the procedure, loop magnification is helpful to identify accurately
the layers of the lower eyelid. A preseptal approach is preferred to prevent orbital fat
from prolapsing into the wound. The preseptal route will also avoid injury to the
inferior oblique and rectus muscles.

Transconjunctival exposure of the orbital rim and floor begins by placement of
a corneal shield (crescent-shaped plastic or metal conforming cup). The shield is sup-
planted later in the operation by pulling the inferiorly based conjunctivocapsulopal-
pebral flap over the corneal surface using fine silk traction sutures. The surgeon
stands at the head of the table and the inner aspect of the lower eyelid is everted
to visualize the inferior tarsus. The tarsus is usually approximately 5mm wide and
a horizontal conjunctival incision is made approximately 1mm inferior to the tarsus
(6mm inferior to the lid margin). This incision extends from the lateral canthus to
just lateral to the orifice of the inferior canaliculus. Bleeding and prominent blood
vessels are controlled with bipolar electrocautery. The conjunctival incision is dee-
pened through the capsulopalpebral fascia above the divergence of the fascial layers
that enclose the orbital fat (capsulopalpebral fascia and orbital septum). If the trans-
capsulopalpebral incision is placed too low, the orbital fat will be inadvertently
entered. The deep surgical plane is the orbicularis oculi muscle whose fibers are
visualized through the capsulopalpebral incision. The muscle is not entered and a
dissection plane is developed toward the inferior orbital rim between the muscle
fibers and the orbital septum. The orbital septum blends with the periosteum over
the rim and face of the maxilla. As the rim is encountered, the dissection continues
anteriorly about 1mm and a horizontal incision is made through the periosteum
anterior to the arcus marginalis. The arcus marginalis represents the junction of
three layers of fascia along the inferior orbital rim including the orbital septum, max-
illary periosteum, and periorbita. A subperiosteal plane is developed along the rim
and retrodissected under the periorbita exposing the orbital rim and floor. Wider
exposure of the orbital floor is possible via a lateral canthotomy and inferior
cantholysis.

After reduction, fixation, and placement of the orbital floor implant (if neces-
sary) the inferior canthal tendon is carefully sutured (nonabsorbable suture) above
and slightly behind its original attachment at Whitnall’s tubercle. The orientation
of the lateral lower eyelid with respect to the upper eyelid is visually confirmed so
that the lower eyelid curves gently superiorly to fall just behind the lateral extent
of the upper eyelid. The lateral canthotomy skin incision is closed in layers. The con-
junctival incision requires no suturing. At the conclusion of the operation, the lower
lid should be pulled superiorly to eliminate overlap of the capsulopalpebral flap and
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Figure 9 Exposure obtained after a transconjunctival approach combined with superior
cantholysis. Note excellent exposure of both the infraorbital rim fracture and the ZF suture
simultaneously.

Figure 10 Lateral canthotomy and inferior cantholysis. Note that the through-and-through
lateral canthal incision extends through the lateral retinaculum and overlying skin no more

than 1 cm lateral to the lateral commissure.
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the transconjunctival incision. A Frost suture or inferior lid taping for 48 h is helpful
to prevent poor appositional healing and cicatrical ectropion.

Lateral canthotomy and superior cantholysis is performed to expose the ZF
suture for miniplate application (Fig. 9). The skin incision for the lateral canthotomy
extends to no more than 1 cm beyond the lateral palpebral slit (Fig. 10). The deep
limb of the superior canthal tendon is located by pulling the eyelid margin laterally
and strumming the tendon with a fine forceps. Distal and proximal to the midpor-
tion of the exposed tendon, 4–0 nonabsorbable sutures are passed and held away
with hemostats and the tendon is cut between the sutures (Fig. 11). The upper eyelid
is lifted away from the lateral orbital rim, exposing the periosteum over the ZF
suture. The periosteum of the lateral orbital rim is incised vertically and peeled away
from the underlying ZF suture a few millimeters above the insertion of the lateral
canthal tendon. The periosteum is stripped to accommodate a miniplate with two
proximal and two distal screw holes. The superior canthal tendon must be precisely
reapproximated, but this is easily accomplished by simply tying together the stay
sutures previously placed distal and proximal to the original cut. The lateral canthot-
omy is best reapproximated by first passing a deep absorbable suture through the
lateral palpebral slit and then closing the skin incision in layers.

Although approaching the ZF suture by superior cantholysis is very useful, it is
a recently described technique. The most frequently used method to expose the ZF
suture is via a transcutaneous lateral brow incision. Other methods include a coronal
flap, lateral extension of an upper lid blepharoplasty incision, and lateral canthot-
omy alone. The coronal approach provides wide exposure of the ZF suture and
the zygomatic arch, but should be reserved for comminuted ZMC fractures asso-
ciated with midfacial and=or cranial fractures (Fig. 12). Extension of an upper ble-
pharoplasty beyond the lateral canthus tends to cause obvious scarring. The incision
may be camouflaged with make-up in woman but is more difficult to conceal in men.

Figure 11 A superior cantholysis is being performed to facilitate exposure of the
zygomaticofacial suture. Note that a marking suture is placed through the tendon prior to
its transection.

Zygomatic Complex/Internal Orbital Fractures 641



To avoid a cutaneous scar, access to the ZF suture is described via a lateral cantho-
tomy alone. This requires forceful retraction and complete mobilization of the lateral
canthal ligament (lateral retinaculum), periorbita along the lateral orbital rim, and
soft tissues over the lateral orbital rim. The ZF suture is often inadequately exposed
for miniplate application and the retraction required results in prolonged edema and
subcutaneous fibrosis (17).

The zygomaticomaxillary suture over the face of the maxilla is approached via
an intraoral upper buccal sulcus incision immediately posterior to the zygomatic but-
tress (Fig. 13). Dissection for adequate exposure and application of miniplates pro-
ceeds over the suture and malar eminence. Miniplates are placed along the
zygomaticomaxillary buttress, avoiding the thin anterior wall of the maxillary sinus.
Limited bone loss over the anterior wall of the maxillary sinus is inconsequential and
attempts at rigidly fixing this bone in place should be avoided.

Figure 12 Exposure of the ZF suture via a coronal approach. Note miniplate application
across suture line.

Figure 13 The zygomaticomaxillary suture over the face of the maxilla is approached via an
intraoral upper buccal sulcus incision. Note the fracture in the background over the face of the
maxilla.
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REDUCTION

Reduction of facial bone fractures must be delayed if the patient has other more
urgent or life-threatening injuries. Prior to reduction, the globe must be carefully
examined since urgent intervention may be needed. If the extent of a patient’s inju-
ries is limited, reduction of the ZMC may proceed. To avoid the confounding effects
of soft tissue edema, the usual practice is either to repair the ZMC fracture within 6–
12 h or delay the repair up to 10–14 days. Although some advocate early repair,
delayed signs of occult intracranial or ocular injury may occur. By taking the patient
immediately to the operating room for reduction, these signs may be missed. Delay-
ing the repair permits a period of observation and does not significantly compromise
the outcome.

Type A1 zygomatic arch fractures are the classic type of ZMC fracture amen-
able to closed reduction via Gillie’s temporal fossa approach (Fig. 14). Gillie’s
approach involves an incision in the temporal scalp behind the hairline. The incision
is deepened to the temporalis muscle deep to the deep temporal fascia. Dissection
continues inferiorly under the deep temporal fascia to the zygomatic arch. This plane
preserves the zygomaticotemporal branch of the facial nerve. The displaced zygo-
matic arch fragments are reduced and are splinted by the posterior attachment of
the temporal fascia.

Figure 14 Gillie’s approach shows the layers through which the elevator is passed to avoid
injury to the frontal branch of the facial nerve.
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Rarely is open reduction necessary for isolated zygomatic arch fractures. Open
reduction of the arch via a coronal approach is occasionally necessary and the single
best criterion for predicting whether open reduction of the arch will be necessary is
lateral displacement of the arch (18). Other factors that predict this need include
extreme posterior displacement of the malar eminence and a ZMC fracture
associated with a facial crush injury (comminuted panfacial fracture) or a Lefort
III fracture.

Isolated lateral orbital rim and infraorbital rim fractures usually require open
reduction if displaced. Isolated lateral rim fractures are best approached either
through a lateral canthotomy and superior cantholysis or via a transcutaneous lat-
eral brow incision. Infraorbital rim fractures are approached through a transcon-
junctival approach and the fragments pieced together, if necessary. If there are
multiple fracture fragments, a microplate is used to support the segments.

Accurate three-dimensional reduction of types B and C ZMC fractures is essen-
tial to avoid serious adverse sequelae including enophthalmus, diplopia, malar flat-
tening, and eyelid malposition. Closed reduction is all that is necessary in many cases
of type B monofragment fractures. In a large series, 28% of type B fractures under-
went closed reduction (14). Closed reduction is often possible in minimally displaced
fractures in which at least one articulation is intact (e.g., the ZF suture). Postreduc-
tion instability or significant orbital floor disruption necessitates fixation and open
reduction. Regardless of the approach used, accurate alignment in three dimensions
is critical. To this end, three-point alignment is sufficient; the three points usually
used are the zygomaticofrontal suture, inferior orbital rim, and zygomaticomaxillary
suture. An important alternative site of alignment that is often intact despite commi-
nution of the zygomatic bone is the sphenozygomatic suture. It is curvilinear and in a
much deeper plane than the ZF or orbital rim. Alignment of this suture line has
proved to be a very reliable measure of adequate reduction. Type B fractures asso-
ciated with multiple other complex facial fractures and most type C fractures require
additional points of verification. Small fragments of bone should be preserved and
replaced along the points of verification to ensure adequate spacing and accurate
reduction of the major fragments. The ZF suture, inferior orbital rim, sphenozygo-
matic suture, and zygomaticomaxillary suture all need to be exposed and assessed to
optimize the chances for accurate reduction. In addition, the zygomatic arch may
need to be exposed via a coronal flap, especially if there are surrounding facial frac-
tures that make it difficult to assess the proper position of the zygomatic bone in the
sagittal plane (projection).

METHODS OF FIXATION

Accurate reduction is the key to a successful outcome regardless of the method of
fixation. Methods of reduction and fixation of ZMC fractures differ widely among
clinicians. This is not surprising considering that several authors strongly espouse
seemingly disparate methods yet report very similar results. However, the common
thread in these studies is the absolute requirement that the ZMC be reduced accu-
rately. Maintaining the reduction properly is the greatest source of controversy. Wire
osteosynthesis was the mainstay of fracture fixation from the 1940s through the
1970s. The miniplate was introduced in the 1970s and clearly provided more
precise control of bone fragments and rigid fixation in three dimensions. Miniplate
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fixation has become the most common method of fixation of ZMC fractures in the
United States (19). The use of miniplates has been associated with improved out-
comes including fewer malunions, improved cheek sensation, and fewer cases of
enophthalmos and globe dystopias. However, it is likely that the additional exposure
necessary to place the miniplates also aids the surgeon in obtaining a more accurate
reduction.

It is worthwhile to review several methods of fracture fixation because each has
merit and is used by experienced surgeons with good results. Kirschner wires (K-
wires), wire osteosynthesis, external pins, miniplates, microplates, and absorbable
plates are among the many types of fixation appliances available. Properly used
and applied, any of these appliances will be successful.

A K-wire is a rigid stainless steel wire (at least 0.062 inches in diameter) drilled
percutaneously through stable bone and through the body of the reduced ZMC.
Steinmann pins are often used in similar circumstances; they are similar to K-wires
except that they are threaded and usually larger. The leading point of the wire rests
within the reduced zygoma body with no penetration of the overlying skin. The
proximal wire can be trimmed to the skin surface so that the wire is internal. This
method of fixation was introduced for the zygoma in 1950 by Fryer and he subse-
quently published a 20 year review of his cases (20). The methods of fixation using
a K-wire differ mainly in the part of the facial skeleton the proximal pin passes
through. A transfacial K-wire passes through the opposite normal zygoma body tra-
versing the lateral nasal walls and septum to reach the reduced zygoma body. A
transnasal K-wire passes through the frontal process of the maxilla on the opposite
side of the nose and traverses the nasal cavity to enter the reduced zygoma body. The
advantages of using K-wires include a minimal equipment requirement; the method
takes only a few minutes once the ZMC is reduced; minimal scarring; fixation is in
three planes; and infection is rare. The disadvantages of using a K-wire include a ten-
dency for the reduced zygoma to become laterally displaced as the wire enters the
deep surface of the zygoma body; the pin must be removed in 4–6 weeks; if the wire
is misdirected, direct globe injury could result; and the method is ineffective if the
zygoma body is fractured or comminuted. Since the method can be performed with
minimal exposure of the ZMC, a surgeon may be mislead into fixing the ZMC that is
inaccurately reduced. This is particularly true in cases of significantly displaced or
comminuted fractures. K-wires have largely been supplanted by more direct means
of fracture fixation including wire osteosynthesis and plating. Even in very experi-
enced hands, K-wire fixation has limited application. Advances in the surgical expo-
sure of the facial skeleton have provided the surgeon with the means to reduce most
ZMC fractures accurately. This exposure also provides a direct route for the appli-
cation of wires and plates obviating the need for remote wire stabilization. A notable
exception is an unstable zygomatic arch fracture that requires fixation. Although the
arch could be directly fixed via a hemicoronal flap, the use of K-wires is described
(21). Two K-wires are used: one inserted percutaneously into the unstable arch frag-
ment and the other inserted percutaneously into the stable zygoma body. The prox-
imal exposed (external) K-wire in the arch fragment is twisted around the backward-
bent K-wire from the zygoma body. The wires are removed 2 weeks postoperatively.

External pins and wires suspended by headgear are other forms of fixation that
has occasionally been reported (22) (Fig. 15). The external pin method consists of
placing rigid threaded rods percutaneously into the fractured zygoma (into the solid
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zygoma bone) and into the solid supraorbital rim. The external portions of the pins
are joined together with a universal joint locking system or a tube filled with methyl-
methacrylate. The suspension method utilizes wires connected to a head frame pro-
viding outward traction to the ZMC. The pins or wires are removed in 4–6 weeks.
The suspension method is inherently unstable because the vector of force is singu-
larly outward. The main disadvantages to the external pin method include cutaneous
scarring and the unwieldy external appliance. Internal fixation devices in the form of
mini- and microplates have superseded these methods of fixation in the vast majority
of cases.

Wire osteosynthesis is a very popular method of fracture fixation and is often
used in combination with miniplates. Application of wires requires minimal surgical
exposure and the wires are very well tolerated (they are unlikely to extrude or result
in erosion of the overlying soft tissue). The thicker bone surrounding the ZF suture
and ZM buttress are able to accommodate wire up to 24 gauge and the thinner bone
along the infrarbital rim and arch can accommodate a wire up to 26 gauge. Wire
along the infraorbital rim is often used in place of miniplates because the latter is
associated with a greater incidence of removal due to patient discomfort. The main
disadvantages to using wires is that this method of fixation is not rigid in three
planes. The distal and proximal fracture segments are prone to rotation resulting
in imprecise reduction. In addition, accurate reduction of comminuted fragments
is very tedious, often leading to loss of multiple bone fragments.

Monocortical miniplates for the midface are approximately 0.85mm thick with
2.0mm or 1.5mm diameter screws. The diameter of the screw is an indication of the
size (not thickness) of the plate. In the late 1980s, microplates were developed with

Figure 15 A Georgiade visor halo fixation apparatus for distraction and stabilization of

facial fractures including ZMC fractures. This is of historical interest only.
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plate thicknesses �0.6mm with �1.5 diameter screws (23). Resistance of the screw to
dislodge or pull out is inversely proportional to the diameter of the screw. Although
dynamic compression miniplates are available, their use in the midface is unneces-
sary because only adaptation osteosynthesis is required. Dynamic compression is
to be avoided because it will result in greater bone loss when adjacent small fracture
fragments are being fixed, and it may spoil an otherwise perfect reduction as the
screws are tightened. Some authors make a distinction between rigid internal fixation
and semirigid internal fixation (24). The term rigid internal fixation is often reserved
for compression osteosynthesis. Semirigid internal fixation refers to the type of non-
compression fixation provided by miniplates (i.e., adaptive internal fixation without
compression). Examples of microplates include 1.0mm (Leibinger, Freiburg, Ger-
many) and 1.5mm (Martin, Tuttlingen, Germany) plates. Modern mini- and micro-
plates are manufactured from titanium since this material is considered more
biocompatible than its predecessor (stainless steel). Titanium forms an oxide film
(titanium dioxide) when exposed to oxygen. This layer is extremely biocompatible
with surrounding bone and new bone forms directly over the surface of the implant
with no intervening capsule or fibrous tissue (i.e., osseointegration). Allergic reac-
tions to titanium are unknown. An additional benefit to fracture assessment is the
fact that titanium produces significantly fewer artifacts on CT scanning.

Plates possess several advantages over wires including three-dimensional stabi-
lization, the ability to secure small fracture fragments in anatomical position, mini-
mal bone loss when compared to wire osteosynthesis, and superior rigid fixation
(25). Plates are useful in spanning gaps over comminuted bone while still providing
stability across the fracture line. Loose bone fragments can be drawn to the plate
with screws (lag screws); despite gaps between the fragments a continuous bony
union between the stable fracture ends is achieved with healing. Wiring these bony
fragments together results in greater bone loss. Miniplates are sufficiently strong
to resist the deformation forces encountered clinically in ZMC fractures. However,
microplates are significantly weaker and may deform under the similar biomechani-
cal forces (26). Microplates are inadequate to resist soft tissue deforming forces
along the infraorbital rim and the zygomatic arch in high-energy injuries (27). More-
over, microplates should not be used at sites that require substantial rigidity (e.g., ZF
suture or ZM buttress). Instead, microplates are best suited for sites that require a
very low profile plate yet maintenance of a bony gap is desirable with little expected
deforming force (e.g., infraorbital rim or zygomatic arch in cases of mild to moderate
comminution and displacement). In a study of complications associated with micro-
plates placed within the maxillofacial skeleton region for fracture fixation (124
microplates in 44 patients), the overall complication rate was 2% (28). Complica-
tions included screw breakage, insertion of a screw in a tooth root, screw loosening,
and plate removal in three patients who complained of a vague discomfort in the
area of the plate. These complications did not affect the clinical outcome and were
considered insignificant. Major concerns in children are alterations in growth and
deep migration of permanent hardware, including mini- and microplates. This phe-
nomenon has been demonstrated clinically and in animal models. In the animal
model, there were demonstrable histological alterations in the underlying brain
and meninges as the plates migrated intracranially when originally placed over the
cranium (29). Nonabsorbable plates and screws should probably be removed in
children once healing has occurred (4–6 weeks). Absorbable plates and screws are
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available for midface application and should be considered in pediatric ZMC frac-
tures that require fixation.

Biodegradable (absorbable) plates and screws (1.5–2.0mm screws) are most
often used in semirigid fixation after the correction of congenital craniofacial
abnormalities. The use of absorbable plating systems began in the 1980s with poly-
glycolic acid. However, this substance tended to produce a significant amount of
inflammation within 4 months after transplantation due to its relatively rapid rate
of degradation and release of acids. In addition, the strength of this polymer was
not maintained during the healing period of bone (4–6 weeks). Over the last 6 years,
poly-l-lactic acid implants have been developed that degrade much more slowly,
maintain strength during the healing period of bone, and incite significantly less
inflammation. Although biodegradable plates (2.0mm) provide significantly less
holding strength than titanium miniplate systems, they are probably adequate for
most monofragmented ZMC fractures (30). Further studies regarding the stability
of these resorbable plates in resisting the forces of the masseter muscle are needed.
There is concern about the residual materials and degradation products left behind
after the plates and screws dissolve. In a study of orthognathic patients using absorb-
able plating systems (LactoSorb, Walter Lorenz Corp Jacksonville, FL) after max-
illary and mandibular osteotomies, the authors found that the plates and screws
underwent complete resorption by 18–24 months postoperatively (31). LactoSorb,
introduced in 1996, retains 70% of its strength for 6–8 weeks during the period of
greatest biological bone healing.

EXTENT OF FIXATION

Reduction should be considered separate from fixation since the best anatomical
sites to determine whether a fracture is properly reduced are not necessarily the best
sites for the application of hardware or wires. Open reduction does not necessarily
mean that hardware was needed or applied. The three best sites to determine whether
a ZMC fracture is accurately reduced are the ZM buttress, sphenozygomatic suture,
and the infraorbital rim. However, miniplate (semirigid) fixation should be applied
to only the load-bearing buttresses including the ZM buttress and ZF suture, since
these sites will best withstand the pull of the masseter muscle (primary deforming
force in ZMC fractures). The most stable site for a miniplate is the ZF suture fol-
lowed by the ZM buttress. Application of a miniplate to the infraorbital rim should
be avoided because the plate is too thick and can often be readily palpated under the
thin skin of the lower eyelid. This creates a dilemma since wire osteosynthesis of the
infraorbital rim is problematic, often leading to increased bone resorption (especially
with comminuted fragments) and increased long-term dysfunction of the infraorbital
nerve. Microplates will provide sufficient stability for bone fragments minimizing
bone loss and nerve impingement. They are also significantly thinner and are less
likely to be palpable.

Miniplate fixation is superior to wire osteosynthesis in terms of stabilization
and clinical outcome including malar symmetry and globe position (32). Although
clinical and experimental evidence has supported the contention that miniplates pro-
vide superior stabilization, there is little consensus regarding the degree of semirigid
fixation that is necessary. In a biophysical study in cadavers, a variety of plate com-
binations (mini- and microplates) were compared in their ability to maintain the
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reduced position of a fractured ZMC, while a deforming force of 2–22 kg was
applied along a vector defined by the pull of the masseter muscle (33). A miniplate
at the ZM buttress and microplates at the ZF suture and infraorbital rim provided
the optimal balance of aesthetics and stability. Plate combinations were more stable
than any combination of plates and wires. A criticism of this study is that the
deforming force (maximum ¼ 22 kg) was too small since normal subjects can gener-
ate forces over 130 kg. However, Dal Santo (1992) found that masseteric muscle
force decreased significantly after a ZMC fracture, and even at more than 4 weeks
postinjury the force was well below normal (34). Few clinical studies help to clarify
the degree of rigid fixation that is necessary. Despite the experimental evidence that
at least two-point fixation is needed for optimal stabilization, clinical studies report
excellent results using a variety of methods including no fixation and ZF suture fixa-
tion alone. In a review of surgical practice repairing ZMC fractures, Ellis et al. found
that regardless of the number of fixation devices applied there was no difference in
post-reduction displacement (35). Treatment consisted of reduction without fixation
to four-point fixation. The majority of patients underwent one-point fixation using a
miniplate over the zygomaticomaxillary buttress or zygomaticofrontal suture. Clinical
determination of post-reduction stability is the key to determining the degree of fixa-
tion required. The zygomatic bone is manipulated intraoperatively, with moderate
pressure; if it falls out of alignment or seems unstable, fixation devices are applied
until the bone is stable. The order in which the sites are treated is not crucial, how-
ever, the initial sites are usually the zygomaticomaxillary buttress and the ZF suture.
Unfortunately, determining if the bone is stable relies heavily upon the judgment and
experience of the surgeon. Many classification systems exist that attempt to assist the
clinician in deciding which fractures require more aggressive treatment. The classifi-
cation scheme promoted by Zingg et al. (previously outlined) is a simple system that
broadly categorizes fractures, allowing the clinician some leeway in treatment. This
approach more accurately represents clinical experience because more than one
treatment strategy can be successful. The main distinction between ZMC fractures
is whether the zygoma bone is intact or multifragmented. Monofragment fractures
respond to a variety of treatment methods and minimal fixation. However, multi-
fragmented fractures require much more aggressive exposure and fixation. Accord-
ing to the classification scheme, orbital rim fractures often require open reduction
and fixation while arch fractures are usually treatable by simple closed reduction
alone.

Types A2 and A3 ZMC fractures require open reduction and fixation since
they are rarely stable after closed reduction alone. An isolated type A2 fracture (lat-
eral orbital rim) is rarely encountered. Surgical access is attained via a lateral brow
percutaneous incision or through release of the lateral retinaculum via a canthotomy
and superior cantholysis. In either case, a single bridging miniplate is used and the
fragments are lag-screwed into place. A type A3 ZMC fracture is often associated
with an orbital floor dehiscence as the fracture tracks posteriorly along the infraor-
bital canal or along the zygomaticomaxillary suture line. A percutaneous subciliary
or transconjunctival route is required to assess and reduce the fracture and apply a
small miniplate or wire. If the orbital floor is significantly disrupted, titanium mesh
can be placed on the orbital floor and draped over the orbital rim. The portion of the
mesh over the rim is fixed with screws for stabilization of the mesh itself and the frac-
ture fragments.
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A type B monofragment ZMC fracture may be amenable to closed reduction if
the orbital floor is not extensively disrupted and the reduced bone is stable, resisting
the inferior-displacing forces of the masseter muscle. Reduction of the ZMC should
not be done in the presence of unreduced orbital contents since this could lead to

Figure 16 Orthopedic J hook for reduction of a ZMC fracture. The hook is inserted under

the body of the zygomatic bone through a small stab incision. Superolateral traction will
reseat the bone into a reduced state.

Figure 17 X-ray study shows multiple sites of rigid fixation. Typical use of hardware for a
patient with a type C fracture.
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muscle and fat entrapment, diplopia, and enophthalmos. The preoperative coronal
CT will be the guide as to whether to proceed with attempts at closed reduction with-
out addressing the orbital floor. There are no absolute rules concerning the size of
the orbital defect, but with clinical signs of entrapment and obvious herniation of
orbital contents into the maxillary sinus by CT, exploration of the orbital floor
should precede reduction. In these cases, an open approach to the orbital floor (per-
cutaneous subciliary or transconjunctival) can be combined with ZMC reduction.
This allows the orbital contents to be manually reduced before the ZMC is reduced.
If the bone is stable and the orbital floor appears closed after reduction, no other
surgical approach or fixation need be performed. Closed reduction of the ZMC is
done with a J hook inserted through a stab incision parallel to the facial nerve
branches just inferior to the body of the zygoma bone. The tip of the hook is engaged
under the body of the zygoma and superolateral traction is applied (Fig. 16). The
ZMC is reduced when the malar eminence appears similar to the opposite side
and no step-offs can be appreciated over the infraorbital rim and zygomaticofrontal
and zygomaticomaxillary (intraoral) suture lines. Confirmation in the operating
room is obtained using a single Water’s view. The stability of the ZMC is tested
by placing moderate pressure over the malar eminence. If the bone falls out of align-
ment, rigid fixation is required. The type of fixation required for a type B fracture is
controversial but some type of internal miniplate fixation is standard. A miniplate
(e.g., 1.7mm titanium miniplate) over the ZF suture combined with wire osteosynth-
esis for the inferior orbital rim is sufficient in the majority of cases. If the ZMC
remains unstable, an additional miniplate should be placed over the zygomaticomax-
illary buttress.

Type C multifragmented ZMC fractures require multiple surgical approaches
and semirigid internal fixation at multiple sites (Fig. 17). Exploration of the orbital
floor should be performed early and cotton pledgets should be placed under the
reduced periorbita to prevent entrapment during reduction of the ZMC. The ZF
suture, sphenozygomatic suture, zygomaticomaxillary buttress and suture, and the
infraorbital rim should be exposed in preparation for surgical reduction. Despite
fragmentation of the zygoma bone, the malar portion (body) nearly always provides
a stable surface for manipulation. A small orthopedic hook is inserted through a stab
incision inferolateral to the malar eminence and seated under the bone. Traction is
placed on the bone by pulling out on the hook, reducing the ZMC. Confirmation
of adequate reduction is obtained by visualizing the alignment and closure of the
multiple points of alignment previously mentioned. Especially important is accurate
alignment of the sphenozygomatic suture for precise reduction. Final confirmation
of the adequacy of reduction is obtained by assessing symmetry with respect to
the opposite side and by obtaining Water’s radiograph of the facial skeleton after
application of the miniplates. At least two-point fixation is required with miniplates
along the ZF suture line and zygomaticomaxillary buttress. Wire osteosynthesis is
also beneficial for the infraorbital rim. Rarely is a hemicoronal scalp flap justified
for rigid fixation of the zygomatic arch unless other complex facial fractures impede
accurate alignment using the standard points of alignment. Once the bone is reduced
and fixed, the orbital floor is inspected. Often there is a dehiscence along the intraor-
bital zygomaticomaxillary suture line and infraorbital nerve. If the gap is greater
than 1 cm, some form of rigid material should be used. Several materials have been
advocated including titanium mesh, septal cartilage, split calvarial bone, anterior
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maxillary sinus wall bone, Medpor (Porex Surgical Inc., College Park, GA), blocks
of hydroxyapatite, among others (36). For very large defects, split calvarial bone
grafts are favored but this is rarely necessary in the primary setting. Titanium mesh
is a simple and effective alternative for significant orbital floor defects. Soft tissue is
incorporated around the mesh, reducing the chances of late extrusion. In addition,
further trauma to the area is unlikely to cause posterior displacement of the implant
because of its pliability. Smaller orbital floor defects can simply be covered with Gel-
film (Pharmacia and Upjohn Inc., Kalamazoo, Mich).

ORBITAL EXPLORATION

Orbital floor exploration is a controversial subject. The literature is replete with
recommendations regarding orbital floor exploration, ranging from exploration in
all cases to highly selective exploration based on clinical or radiographic findings.
The orbital floor is disrupted in all ZMC complex fractures due to impaction or dis-
traction of the intraorbital sutures associated with the zygomatic bone. In addition, a
blowout fracture (impure) may occur that is characterized by comminution and out-
ward displacement of the bony orbital walls. In simple ZMC fractures, lateral displa-
cement of the zygomatic bone results in an increase in the volume of the bony orbit
and, left uncorrected, will result in enophthalmos. However, accurate open or closed
reduction of a simple ZMC fracture will result in re apposition of the intraorbital
zygomaticomaxillary and sphenozygomatic sutures. This re-establishes the integrity
and positions of the inferior and lateral bony orbital walls and corrects the volu-
metric relationships that are crucial in preventing late enophthalmos. In these simple
cases, there is no need to explore the orbital floor. Orbital exploration involves a sur-
gical approach to the orbital floor through the lower eyelid (or via an existing lacera-
tion) with exposure of the anterior, posterior, and lateral walls of the orbit.
Considering that there are significant complications associated with the surgical
approach (e.g., ectropion and lid malposition), selective criteria are needed. Orbital
floor exploration is generally needed in more severe cases in which the volume of the
orbit is not restored despite apparent reduction of the ZMC. This occurs in the pre-
sence of significant impure blowout fractures and severely displaced or comminuted
fractures of the ZMC. Prior to the advent of CT, it was difficult to determine the true
extent of a midface or ZMC fractures. The development of late post-traumatic
enophthalmos was difficult to predict based on the limited diagnostic information
available.

The basic abnormality that results in enophthalmos is an increase in orbital
volume posterior to the axis of the globe. Fat atrophy or loss is not a factor. Volu-
metric changes anterior to the axis of the globe (just posterior to the infraorbital rim)
have little effect on the final position of the globe (37). Operative exploration is
needed in cases of significant posterior disruptions of the bony orbit. A difference
of 2mm between the normal globe and the abnormal globe is noticeable and clini-
cally significant. Therefore, posterior volumetric changes that are likely to result
in globe displacement greater than 2mm must be surgically corrected. Impure blow-
outs involving outward displacement of the medial and inferior walls of the orbit
may be responsible. However, inaccurate reduction of the ZMC also results in
significant posterior increases in bony orbital volume due to inferolateral displace-
ment of the frontosphenoidal and orbital processes. This is more likely to occur in
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cases of fragmented (type C) ZMC fractures. Orbital exploration is justified in these
cases to ensure adequate apposition of the intraorbital sutures and to repair dehis-
cences in the inferior and lateral orbital walls. Blowout fractures resulting in loss
of bone or outward displacement of the medial or inferior orbital walls posterior
to the axis of the globe are often responsible for late enophthalmos. In a clinical
study based on CT-based volumetric measurements, an approximate 5% increase
in orbital volume (1.25ml) will result in 1mm enophthalmos (38). Therefore, a
10% (2.5ml) increase in volume would be expected to result in clinically significant
enophthalmos. This is roughly equivalent to 3mm of inferior displacement of the
posterior orbital floor (39). Medial displacement of the medial orbital wall (medial
blowout) associated with inferior displacement of the orbital floor seems to com-
pound the increase in orbital volume. In fact, the majority of patients with late
enophthalmos after a ZMC fracture have a medial blowout component. The mean
increase in orbital volume (CT-based measurement) in a small series of patients
(n¼11) with late enophthalmos was 4.4ml or 17.9% (38).

The majority of patients with ZMC fractures do not require exploration of the
orbital rim and floor. Clinical indications for orbital exploration are based on a com-
bination of clinical and radiographic criteria (40). Orbital floor exploration is indi-
cated in the following situations:

Comminution of the inferior orbital rim
Multifragmented ZMC fractures
Rectus muscle entrapment = persistent diplopia
Presurgical enophthalmos
CT evidence of comminution of > 50% of the orbital floor
CT evidence of combined orbital floor and medial wall defects
CT evidence of fracture segments impinging on periorbita or globe

The presence of late enophthalmos correlates with the severity of the initial
fracture more than any other variable (e.g., type of fixation). Comminution of the
inferior orbital rim or body of zygoma usually indicates that a severe ZMC fracture
exists with a significant chance of misalignment and late enophthalmos regardless of
treatment. In these cases, orbital exploration not only improves the chances of ade-
quate restoration of the orbital volume but also provides additional landmarks
(sphenozygomatic suture) for accurate reduction of the ZMC. Exposure of the orbi-
tal rim also allows placement of microplates to stabilize the fractured fragments of
bone. Rectus muscle entrapment with a positive forced duction test and evidence
of herniation of orbital contents on CT is also a firm indication for orbital
exploration.

In 1930 Pichler drew attention to the limitation of passive movement of the
traumatized globe when an attempt was made to move the anesthetized eyeball with
forceps: the basis of forced duction test. A forced duction test is useful to differenti-
ate mechanical restriction of gaze from muscle weakness or swelling. A positive test
indicates that the patient has a mechanical restriction such as entrapment of the
(most commonly) inferior rectus muscle. The test is performed by first instilling a
local anesthetic solution into the conjunctival fornices. The tendon of the inferior
rectus muscle is grasped with a fine forceps through the fornix and an attempt is
made to rotate the globe upward. Resistance indicates a mechanical obstruction
(positive test). Reasons for a positive forced duction test include herniation of
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periorbital fat and entrapment of the inferior rectus muscle; impingement of bone
fragments directly into the periorbita and muscle; and, in the long term, cicatrix for-
mation with muscular adhesions.

The inferior rectus muscle lies posterior to the axis of the globe, so entrapment
of the muscle is a clinical sign of a significant breach within the posterior orbital
floor. Clinically significant enophthalmos (>2mm) that is noted within 2 weeks of
the injury is a reliable sign of a pathological increase in orbital volume. Enophthal-
mos may be difficult to detect in the presence of acute swelling and only the preo-
perative CT may reveal the presence of this abnormality. Several findings on CT
scanning indicate the need to consider orbital exploration. Determination of orbital
volume relationships is usually not helpful in the acute fracture setting because a
pathological increase in orbital volume is the norm due to the lateral displacement
of the zygoma. However, an (impure) blowout fracture is detectable by preoperative
CT and may indicate the need for orbital exploration. Comminution of the orbital
floor posterior to the axis of the globe associated with herniation of orbital contents
indicates that exploration should be considered. Comminution of greater than 50%
of the bone in this area is an absolute indication for exploration and possible recon-
struction. The combination of orbital floor and medial wall defects is associated with
large pathological increases in orbital volume; orbital exploration and reconstruction
are indicated. The presence of bony spicules impinging on the periorbita is an indi-
cation for exploration and disimpaction of the fractured bony fragments.

Complications

Complications associated with ZMC fractures can be classified into those that are
fracture-related, technique-related, or iatrogenic. Fracture-related complications
include malar depression and asymmetry, facial widening, maxillary sinus dysfunc-
tion, infraorbital nerve dysfunction, and various ophthalmological complications.
Technique-related complications include those associated with the various surgical
approaches. Serious iatrogenic injuries usually involve the cornea (e.g., abrasions).
The incidence of complications is generally related to the severity of the trauma.

Outcome is dependent upon the type of fracture and the accuracy of reduction
(both initially and during the healing period). Type A incomplete ZMC fractures are
straightforward and require only two-dimensional reduction. Outcome is nearly uni-
formly good with regard to adequacy of reduction and postoperative symmetry.
Adverse sequelae are mainly associated with type B and C fractures, especially
severely comminuted type C fractures, including malar asymmetry (type B, 12%;
type C, 16%), maxillary sinus dysfunction (type B, 5%; type C, 13%), infraorbital
nerve dysfunction (type B, 31%; type C, 23%), and enophthalmus with diplopia
(type B, 2%; type C, 9%) (14). Malar asymmetry (malar over or under projection)
is better tolerated than lateral displacement of the ZMC both cosmetically and func-
tionally. A minor degree of malar asymmetry is a common finding after a ZMC frac-
ture but is often overlooked by the patient and is not typically associated with a
significant increase in orbital volume or enophthalmos. However, even a minor
degree of lateral displacement will result in obvious asymmetry and lead to a
significant increase in orbital volume as the entire lateral aspect of the orbit is
expanded. Secondary correction of the malar eminence is straightforward:it involves
the addition or substraction of bone over the eminence via a transbuccal approach.
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However, correction of facial widening (lateralized ZMC) will usually require multi-
ple osteotomies through the articulations of the ZMC with the facial skeleton and
medial repositioning of the entire bony complex. Maxillary sinus dysfunction
(chronic or recurrent sinusitis) is most often found in patients who have sustained
a severe ZMC or midface fracture. Overall, the incidence is approximately 8% (14).

Approximately 80% of patients with a ZMC fracture will have some degree of
cheek and upper lip numbness due to injury to the infraorbital nerve. Permanent dys-
function occurs in 22–50% of cases (41,42). The dysfunction of the nerve most often
involves a third or fourth degree nerve injury (43). The persistence and nature of the
dysfunction seem to be most closely related to the type of injury and the method of
repair. The highest incidence of long-term dysfunction occurs in fractures with an
undistracted ZF suture (43). This finding may indicate that maintenance of this
articulation during impact results in greater compression along the infraorbital
canal. Long-term sensory disturbances are also associated with patients who have
undergone closed reduction without miniplate fixation of the infraorbital rim (44).
This finding may be related to the fact that ZMC fractures with undistracted ZF
sutures are often amenable to closed reduction. However, several other studies have
corroborated that open reduction and fixation are beneficial, and that plate osteo-
synthesis of the infraorbital rim is superior to wire osteosynthesis with regard to
long-term nerve function (45). It is assumed that plate osteosynthesis results in less
compression of the bony fragments and infraorbital canal compared to wire osteo-
synthesis. As mentioned, miniplates along the infraorbital rim are often problematic;
microplates may be better tolerated yet provide a similar degree of adaptation and
stability of bony fragments.

Severe ocular trauma is uncommon in patients with ZMC fractures; a decrease
in visual acuity is the main long-term clinical finding (46). However, severe ocular
disorders are common in high-energy injuries (e.g., road traffic accidents), occurring
in up to one-third of patients (47). Several eye-related findings are associated with
ZMC fractures including enophthalmos, diplopia, hyphema, globe rupture, and
blindness. Enophthalmos is essentially caused by either an increase in the volume
of the bony orbit or significant herniation of orbital contents through one or more
of the orbital walls. A significant increase in the volume of the orbit can occur if
the ZMC is not reduced accurately (Fig. 18). In addition, unrepaired dehiscences
of the inferior and=or medial orbital walls will result in an increase in the volume
of the orbit and herniation of orbital contents. In principle, loss of intra- and extra-
conal fat located posterior to the axis of the globe will result in posterior displace-
ment of the globe and enophthalmos. Diplopia may indicate clinically the
presence of a significant fracture within the posterior orbit with herniation and
entrapment of the inferior rectus muscle. This finding must be correlated with forced
duction testing and the CT findings. Persistent diplopia is more common in children
than adults. Little information is available regarding persistent diplopia in patients
with ZMC fractures; however, Cope et al. found that more than half of children with
pure blowout fractures experienced persistent diplopia compared to less than one-
third of adult patients (48). Timely surgical reconstruction of midfacial fractures
with expectant management of the diplopia will minimize persistent cases (49).

An acute finding in some cases of severe ocular trauma is hyphema (blood in
the anterior chamber of the eye). Traumatic hyphemas tend to be more common in
children and men and are caused by rupture of the vessels in the iris stroma and
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ciliary body (50). A slit lamp examination is useful for diagnosis and the hyphema is
graded 1–4 (a grade 4 hyphema indicates that blood completely fills the anterior
chamber). Complications associated with hyphemas include blood staining of the
cornea and increased intraocular pressure (glaucoma). There is also a significant risk
of rebleeding usually within 5 days of the initial bleed. Corneal blood staining and
increased intraocular pressure (IOP) can occur with any grade hyphema, but more
commonly result from large hyphemas (51). Prolonged increased IOP can result in
optic nerve atrophy and blindness. Treatment is usually conservative including eye
protection,elevation of the head of the bed, rest, topical beta-blockers, carbonic
anhydrase inhibitors, mannitol, and close follow-up. Resistant increased IOP, persis-
tent large hyphema, or corneal blood staining may be indications for surgical inter-
vention by an ophthalmologist.

Acute and subacute blindness result from a ruptured globe, acute retrobulbar
hemorrhage, or traumatic optic neuropathy. Most commonly, optic neuropathy
results from severe complex facial fractures and frontobasilar fractures, not ZMC
or blowout fractures (52). The incidence of blindness after a facial fracture is
approximately 3%; the incidence is much less in isolated ZMC fractures (53). Direct
globe perforation or orbital compartment syndrome secondary to retrobulbar
hemorrhage is responsible for blindness in the vast majority of ZMC fractures. Retro-
bulbar hemorrhage is characterized by a rapid deterioration of vision after a variable
period of orbital swelling and increased IOP. The globe is usually very tense and
proptotic. Orbital decompression must commence immediately because the
optic nerve and retinal tissues are extremely sensitive to anoxia. Irreversible damage
to the optic nerve can occur after only 1–2 h of uncorrected ischemia (54). Orbital
decompression consists of medical and surgical therapies including systemic
carbonic anhydrase inhibitors, steroids, mannitol, lateral canthotomy and inferior

Figure 18 Coronal CT shows inadequately reduced right ZMC fracture with the zygomatic
bone displaced inferomedially. Note marked increase in orbital volume associated clinically
with significant enophthalmos.
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cantholysis, and possible direct evacuation of an orbital hematoma (usually subper-
iosteal). Close monitoring and ophthalmological consultation are mandatory.

The most common technique-related complications include plate failure and
lower eyelid malposition secondary to the surgical approach to the infraorbital
rim. Miniplate mechanical failure is rare. Occasionally, patients complain of a vague
discomfort or palpable deformity caused by a plate. Removal of the plate is neces-
sary in these cases and the symptoms usually (but not always) resolve. Nonabsorb-
able plates should be removed after healing in children to avoid complications
associated with plate migration during growth. Complications associated with the
transconjunctival approach to the inferior orbital rim and floor include transient
lower eyelid retraction and scleral show, a noticeable lateral canthal scar, and infer-
ior displacement of the lateral canthus. Potential complications include prolonged
chemosis, granulation tissue, infection, true ectropion, canthal dehiscence, canalicu-
lar injuries, and iatrogenic eye injuries. However, these were not observed by Fedok
in his review using the transconjunctival approach in cases of trauma (55). Cicatrical
ectropion due to excessive overlapping of the free edges of the incision along the hor-
izontal extent of the lower eyelid can result in scleral show requiring scar release at a
later setting. This can be avoided by carefully pulling the lower eyelid superiorly at
the conclusion of the operation to prevent any incisional overlap or by suspending
the lower eyelid with a Frost suture or Steri-strips for 24–48 h. The occurrence of
ectropion is much lower using the transconjunctival approach (3%) compared to
the conventional transcutaneous approaches (28%).

Iatrogenic injury is rare and most commonly involves corneal abrasion. Cor-
neal shields are helpful but they can also cause an abrasive corneal injury. Tempor-
ary tarsorrhaphy may be the safest approach in protecting the cornea. A serious
iatrogenic injury that may lead to blindness is an undetected retrobulbar hemor-
rhage; the approximate incidence of this complication is 0.3% (56). During the first
12–24 h postoperatively, the patient’s eye and vision should be checked every 2 h. A
tense proptotic globe, even in the presence of normal vision, should alert the clinician
to the possibility of retrobulbar hemorrhage. Other iatrogenic injuries that have been
reported to lead to vision loss include direct injury to the optic nerve by bony frag-
ments or extreme posterior placement of an orbital implant (57,58).

INTERNAL ORBITAL BLOWOUT FRACTURES

Definition, Demographics, and Causes

Smith and Converse in 1957 suggested that the term blowout be used when referring
to an isolated fracture of the orbital floor. However, this term is also applicable to
orbital fractures that are characterized by external displacement of segments of any
of the bony orbital walls. The more rare blow-in fracture is characterized by implo-
sion of portions of the bony orbital walls associated with a reduction in the volume
of the orbital cavity, proptosis, and impalement of the periorbita. Blowout fractures
are further classified into pure fractures (no involvement of the orbital rim) and
impure fractures (concomitant orbital rim fracture). Pure blowout fractures may
be described as trapdoor or punched-out (59). A trapdoor fracture indicates that a
partially attached bone fragment has recoiled against an intact bony edge. This type
of fracture is often associated with incarceration of the periorbita. A punched-out
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fracture indicates that the bone fragment is detached on all sides with no tendency to
return to its original position; tissue incarceration is unlikely. Trapdoor fractures are
more common in the orbital floor and punched-out fractures are common in the
medial wall.

There is a bimodal age distribution for orbital fractures, peaking between ages
21–30 years and 41–50 years (60). Isolated orbital floor fractures make up 4–16% of
facial fractures. The majority of internal orbital fractures occur in men and the
causes include assaults, falls, motor vehicle accidents, and sports-related traumas.
Blowout fractures usually involve the orbital floor but may involve (in descending
order) the medial, lateral, and superior orbital walls (61). However, the majority
of pure orbital blowouts with a concomitant nasal fracture will involve the medial
orbital wall (59). A medial wall blowout will be associated with an orbital floor blow-
out in at least 20% of cases. In pediatric patients, orbital floor fractures are by far
the most common fracture type (71%) (62).

There are three standard theories regarding the pathophysiology of pure orbi-
tal blowout fractures: the hydraulic theory, the bone conduction theory, and the
direct globe-to-wall theory. The hydraulic theory implied by Pfeiffer in 1943 and
later explicitly stated by Smith and Converse in 1957 is the most widely accepted the-
ory regarding the mechanism of a pure orbital blowout fracture. The hydraulic the-
ory states that pressure over the globe causes a generalized increase in intraorbital
pressure sufficient to outfracture the weakest walls of the bony orbit. This theory
was seriously challenged based on the experimental work of Fujino, who demon-
strated that pressure over the orbital rim alone is sufficient to fracture the orbital
floor via buckling forces (63). However, Fujino also demonstrated that direct pres-
sure over the globe causes an orbital wall fracture but he considered that the orbital
rim was more vulnerable in most cases and probably was the major factor in most
orbital blowouts. A direct globe-to-wall mechanism has been proposed but it states
that the globe itself is impacted so radically that it actually contacts and ruptures the
orbital walls directly (64). It is unlikely that the globe-to-wall mechanism plays a sig-
nificant role in blowout fractures in which the orbital rim remains intact.

Blow-in fractures are more commonly found in the roof and lateral wall of the
orbit. These fractures are often impure, associated with fractures of the orbital rim
and adjacent areas of the facial skeleton. In cases of blunt periorbital trauma, buck-
ling forces are primarily responsible for internal displacement of segments of the
orbital wall. The orbital process of the frontal bone, greater wing of the sphenoid
bone, and zygomatic bones are most often involved (65).

Pertinent Anatomy

Seven bones make up the bony orbit including the ethmoid, frontal, lacrimal, max-
illary, palatine, sphenoid, and zygomatic. The orbit is shaped like a pyramid with its
base formed by the thick orbital rims and its apex terminating in the inferior and
superior orbital fissures and optic canal. The orbital roof is composed mainly of
the orbital surface of the frontal bone with a small contribution from the lesser wing
of the sphenoid bone. The medial wall is formed by maxillary (frontal process
forming the rim), lacrimal, frontal, ethmoidal (lamina papyracea), and sphenoidal
bones (lesser wing). The optic canal is formed by the junction of the lesser wing to
the body of the sphenoid bone. The orbital floor is composed of the orbital surface
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of the maxilla, orbital process of the zygomatic bone, and a small posterior contri-
bution from the palatine bone. The lateral wall is composed of the frontal process of
the zygomatic bone and greater wing of the sphenoid. The limits of the lateral wall
are the superior and inferior orbital fissures.

The structures associated with the orbital roof include the trochlea, superior
orbital fissure, the supraorbital notch, anterior and posterior ethmoid canals, and
the frontal lobe. Approximately 4mm posterior to the superomedial orbital rim lies
the trochlear fovea. The trochlear fovea is a small depression in the roof of the orbit
near its medial margin that serves to anchor the sling for the superior oblique tendon
(66). Careful subperiosteal dissection with detachment of the trochlea does not result
in extraocular muscle dysfunction or diplopia as long as the orbital soft tissues and
periosteum are simply reapproximated (67). Fractures of the orbital roof often occur
in the region of the superior orbital fissure because the bone is thinnest in this area.
Superior orbital fissure syndrome or orbital apex syndrome can occur (see section on
Signs and Symptoms). The supraorbital notch is located at the junction of the medial
one-third and lateral two-thirds of the superior orbital rim. It is a true foramen in
approximately 25% of individuals. Fractures of the superior orbital rim can affect
the integrity of this nerve. The anterior and posterior ethmoidal canals that transmit
the ethmoidal vessels are formed by the junction of the frontal bone with the
ethmoid.

The medial orbital wall is the most complex and consists of several bones,
but the lamina papyracea forms the majority of this wall. The lamina papyracea
represents the thinnest wall of the orbit (0.25mm) and is evidently the area within
the orbit most prone to fracture. However, the floor is the most common site of a
pure orbital blowout fracture. This may be because the usual location of blunt
trauma to the eye is over the inferior orbital rim or that the lamina is actually
more resistant to fracture because of the additional support provided by the eth-
moid labyrinth.

The floor of the orbit is formed primarily by the orbital processes of the maxilla
and zygoma. The orbital process of the maxilla forms the majority of the floor. The
floor is divided into lateral and medial parts by the infraorbital groove that defines
the passage for the infraorbital vessels and nerve. Pure orbital floor fractures most
often involve the medial part of the orbital floor (medial to the infraorbital groove)
(59). In fact, pure orbital fractures often involve the lower medial orbital wall in
addition. The bone in this area of the orbit is actually inclined at least 30 degrees
in an anterior–posterior direction toward the orbital apex. Therefore, fractures not
only disrupt the support of the periorbita but also reverse the natural constriction
of the orbital contents, increasing the likelihood of enophthalmos. Combined frac-
tures of the floor and medial wall compound this effect. On coronal CT scanning,
the so-called bony buttress demarcates the medial orbital wall from the orbital floor
(59) (Fig. 19). The buttress is the thick bony extension of the superomedial maxillary
sinus to the floor of the orbit. It separates the maxillary sinus from the anterior eth-
moids and is partially deficient at the maxillary antrum (midportion). Overlying the
buttress anteriorly, opposite the lacrimal groove, is the origin of the inferior oblique
muscle. The buttress is thickest anteriorly, underlying the origin of this muscle. Trau-
matic collapse of the bony buttress usually occurs in the middle and posterior por-
tions. Collapse signifies a more severe displacement of periorbita and orbital volume,
making enophthalmos more likely without intervention.
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Pure blowout fractures involving the lateral wall are rare. Lateral internal orbi-
tal fractures are usually associated with zygomatic complex fractures and are impure.
Zygomatic complex fractures are the most common underlying causes for blow-
in fractures that are characterized by implosion of bony fragments into the orbital
cavity reducing the volume of the orbit. Blow-in fractures may result in impalement
injury to the globe or periorbita and proptosis.

Knowledge of the anatomy of the orbital apex is critical in evaluating and treat-
ing patients with internal orbital fractures. The location and contents of the annulus
of Zinn, superior and inferior orbital fissures, and the optic nerve are particularly rele-
vant. The four recti muscles (inferior, lateral, superior, and medial) arise from a com-
mon fibrous ring common called the annulus of Zinn that surrounds the upper,
medial, and lower margins of the optic foramen and surrounds the optic nerve
(68). The contents of the superior orbital fissure include cranial nerves III, IV, VI,
the first division of the trigeminal nerve (V1), sympathetic contributions of the caver-
nous plexus, and the orbital branch of the middle meningeal artery (68). The contents
of the inferior orbital fissure include the maxillary (infraorbital) nerve and its zygo-
matic branch, the infraorbital vessels, sphenopalatine ganglion branches, and com-
municating veins (orbital, pterygoid) (68). The optic nerve traverses the bony optic
canal and exits into the orbit surrounded by the annulus. The optic nerve is located
in the superomedial aspect of the orbital apex and is approximately 42mm posterior
to the anterior lacrimal crest and between 40 and 45mm posterior to the inferior orbi-
tal rim. The distance between the soft tissues of the orbital apex (including the con-
tents of the fissures) and the orbital rim differs depending on the quadrant of the
orbit being dissected. Based on dissections of human cadavers, Danko et al. found
the mean distances to be 44.5mm superiorly, 44.1mm medially, 39.4mm inferiorly,
and 38.3mm laterally (69). No distance was less than 31.0mm or greater than
51.0mm and there was no significant difference noted between the left and right
orbits. Subperiosteal dissection along the orbital floor is less likely to impinge on
the optic nerve because of the nerve’s superomedial location within the orbital apex.
However, dissection along the medial orbital wall directly approaches the nerve and
dissection posterior to the posterior ethmoid artery risks injury to the optic nerve.

Diplopia and limitation of extraocular movement are important clinical find-
ings that may indicate the need for surgical exploration. A positive forced duction

Figure 19 The bony buttress (arrows) separates and helps to support the medial and inferior
orbital walls. The buttress is present anteriorly (A) and posteriorly (C) but is dehiscent in the
area of the middle meatus (B).
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test may be secondary to true incarceration of an extraocular muscle, but this cir-
cumstance is uncommon. More commonly, only the periorbital fat is incarcerated
and the fine reticular fibrous network within the fat restricts the motion of the
extraocular muscle. Koornneef described this fine orbital connective tissue in 1977
(70). Each eye muscle has its own connective tissue system that is part of a general-
ized and highly organized musculofibrous system within the periorbita.

Symptoms and Signs

The mechanism of injury in a pure fracture vs. an impure fracture is fundamentally
different and the symptoms and signs differ. A pure fracture is more likely to be
associated with serious ocular injury and, by definition, will have no associated
rim fracture. Impure blowout fractures are less likely to be associated with serious
ocular injury. Blow-in fractures are often associated with severe ocular injuries that
require emergency surgical exploration and decompression. Proptosis, diplopia,
globe rupture, superior orbital fissure syndrome, and orbital apex syndrome are
associated with blow-in fractures (71).

The cardinal symptoms and signs associated with a pure orbital floor fracture
include diplopia, periorbital ecchymosis, orbital dystopia, and cheek dysesthesia.
Diplopia is a subjective symptom and is present when a single object is perceived
as double. Diplopia is present in most cases but usually resolves. It may be due to
a variety of self-limited pathologies including edema, muscle contusion, or neuro-
praxia; or it may be secondary to actual entrapment of the inferior rectus muscle
or surrounding fat. Trap-door fractures of the orbital floor are relatively common,
resulting in entrapment of the periorbita. True entrapment of the periorbita asso-
ciated with limitation of extraocular movement is an indication for surgical explora-
tion. Therefore, it is important to differentiate entrapment from self-limited diplopia.
Forced duction testing combined with coronal CT will help to differentiate between
these two entities. Orbital dystopia caused by proptosis is the most common finding
acutely in the majority of the internal fractures due to soft tissue swelling. However,
acute enophthalmos indicates that a significant increase in orbital volume has
occurred resulting from a significant defect in an orbital wall. Pseudo ptosis may
be present once edema resolves, but is rarely present acutely. Vertical dystopia most
often indicates that there has been a significant pathological alteration in the support
of the globe anterior to its axis with disruption of the ligamentous sling. This finding
is uncommon in pure internal orbital fractures because the majority of the floor
defects are posterior to the axis of the globe. Multiple other serious ocular problems
are associated with pure orbital blowout fractures including globe rupture, hyphema,
optic neuropathy, vitreous hemorrhage, retinal detachment, dislocated lens, and cor-
neal injuries. All patients with internal orbital fractures require evaluation by an
ophthalmologist. Patients with cheek numbness often have fractures involving the
orbital rim. Although infraorbital nerve dysfunction is associated with pure orbital
floor fractures, it is usually mild and most patients experience complete recovery.

Pure medial blowout fractures are usually reported as somewhat less common
than pure orbital floor fractures. A medial blowout is associated with periorbital
ecchymosis, orbital emphysema, diplopia, and orbital dystopia. Enophthalmos
was present in approximately 40% of patients, diplopia in 25%, and mechanical
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restriction of gaze in 13% in a study by Burm et al. (59). Fracture of the medial orbi-
tal wall occurs concomitant with a pure orbital floor fracture in 25–30% of cases
(59,60). Combined fractures have a greater tendency to result in clinically significant
enophthalmos (>2mm), especially if there is collapse of the bony buttress (72). In
patients with combined fractures, Burm et al. found that enophthalmos was present
in 62% of patients, diplopia in 81%, and mechanical restriction of gaze in 48%. Only
mechanical restriction of gaze was more common in isolated orbital floor fractures.
True entrapment of the medial rectus muscle is rare since these fractures are usually
of the punched out variety, with little tendency for the bone fragments to recoil.
However, temporary diplopia on medial and lateral gaze secondary to muscle con-
tusion is a common finding.

Blowout fractures of the lateral wall without disruption of the orbital rim are
rare. Most fractures involving the lateral wall are associated with ZMC fractures. An
important characteristic differentiating pure orbital floor fractures from lateral
blowout fractures is that the major portion of a floor fracture is medial to the infra-
orbital groove and the majority of a lateral fracture is lateral to the infraorbital
groove. Impaction of the zygoma bone can result in a blow-in fracture that produces
proptosis or even impalement of the globe.

Internal orbital roof fractures are uncommon but have the greatest blow pro-
pensity to cause serious intracranial and optic nerve damage. Pure orbital roof frac-
tures are most often of the blow-in variety involving the posterior orbital cavity and
the superior orbital fissure. Associated intracranial injuries include contusion and
hemorrhage of the frontal lobe, brain herniation into the orbital cavity, dural tears,
and cerebrospinal fluid leak. Acute meningitis and pseudomeningoceles are also
reported (73). The optic nerve is particularly vulnerable to injury because pressure
over the supraorbital rim is indirectly transmitted to the orbital apex. Optic nerve
contusion and blindness are associated with blunt injuries to the supraorbital rim
even in the absence of a severe orbital roof or rim fracture. Ocular injuries result
from implosion and collapse of the orbital roof resulting in globe rupture, proptosis,
retrobulbar hematomas, superior orbital fissure syndrome, and orbital apex syn-
drome. Superior orbital fissure syndrome is a constellation of clinical findings caused
by disruption of the cranial nerves that travel through the fissure (cranial nerves III,
IV, V, and VI). This results in ophthalmoplegia, ptosis, and a fixed dilated pupil.
Orbital apex syndrome is a superior orbital fissure syndrome plus optic nerve dys-
function (74). The majority of patients with supraorbital roof fractures will have
an associated skull fracture and a frontal sinus fracture (75). Epidural and subdural
hematomas may be associated.

Radiological Examinations

Plain radiography is of limited usefulness in internal orbital fractures, especially for
the diagnosis of fractures involving the medial and orbital roof. Water’s view is clas-
sically described as having a teardrop sign in the presence of an orbital floor blow-
out. The teardrop presumably results from the herniation of the periorbita into the
maxillary sinus. However, this sign can be misleading since a subperiosteal hema-
toma involving the roof of the sinus will also give the appearance of a teardrop. Bone
fragments within the teardrop (look for spotty opacities) are a good indication of the
presence of a true blowout. With the advent of CT scanning, detection and charac-
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terization of the fracture have become possible. Herniation, muscle entrapment and
dislocation, and several fracture-related details are easily identifiable by CT scanning
and can be used to direct treatment and predict results. Scanning in the coronal plane
provides the most useful information with regard to the degree and composition of
herniated soft tissue and the details of the fracture itself (size, location, and type)
(Fig. 20). In the presence of diplopia and limitation of extraocular movement, it is
important to differentiate simple herniation of the periorbital fat from true entrap-
ment of an extraocular muscle. Although both of these radiographic findings sup-
port the need for exploration, true entrapment of an extraocular muscle may
result in avascular necrosis and irreversible muscle dysfunction. Other significant
soft tissue findings on CT scanning include involvement of the origin of the inferior
oblique, which indicates that diplopia may be permanent without surgical interven-
tion (76). Characteristics of the fracture uniquely obtained by CT scanning include
an accurate assessment of the size and location of the defect, which may be impor-
tant in the decision to explore the fracture surgically; in addition, the type of fracture
(trap door vs. punched-out) may direct operative treatment.

Criteria for Surgical Exploration

The goals of treatment of internal orbital fractures are prevention and correction of
globe malposition, restoration of orthoscopic vision, and maintenance or improve-
ment of visual acuity. Additional considerations when confronted with an impure
orbital fracture are restoration of orbital rim and facial skeletal contour and restora-

Figure 20 Coronal CT shows a typical internal blowout fracture of the orbital floor.
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tion of cheek sensation. Early repair within 3 weeks is associated with an improved
outcome compared to late repair or significant delay (77). Delayed correction of
enophthalmos is difficult or impossible because of scarring and irreversible muscle
injury. However, significant delays in surgical exploration may be warranted if there
is coexisting serious globe trauma or other life-threatening injuries or if the involved
eye is the only-seeing eye (78). Enophthalmos and diplopia are the most common
debilitating late sequelae of pure medial wall and orbital floor blowout fractures.
The decision to explore the fracture surgically is based on the likelihood that the
injury will result in long-term problems with enophthalmos and diplopia. Before
the availability of CT scanning, the decision to explore was sometimes arbitrary. In
the 1960s, these fractures were considered emergencies and most were explored imme-
diately. Reduction of periorbita and reconstruction of the orbital floor were per-
formed to reduce the risk of late enophthalmos and diplopia. As a direct challenge
to this approach, Putterman and colleagues reported on 57 patients with pure orbital
floor challenges who were simply followed without surgical intervention regardless of
the severity of their fractures and symptoms. No patient experienced late cosmetically
unacceptable enophthalmos or debilitating diplopia. However, approximately 20%
of the patients experienced enophthalmos of up to 3mm and 20% had diplopia in
upgaze. This study demonstrated for the first time that the majority of patients with
pure orbital blowout fractures do not require surgical intervention.

Enophthalmos of less than 2mm is usually not obvious and no treatment is
necessary. Enophthalmos is most commonly measured with a Hertel exophthalm-
ometer, which is the most popular instrument to measure globe position. It uses
either mirrors or prisms to determine the position of the globe. Two footplates fit
over the temporal margin of the lateral orbital rims, allowing measurement of both
globes for increased accuracy and reproducibility. The key measurement for each
orbit is the distance between the lateral orbital rim and the corneal apex. The exami-
nation is performed with the patient seated looking straight ahead. The lateral orbi-
tal rim is palpated to determine the deepest angle; this will serve as the first reference
point. The Hertel exophthalmometer is positioned over the lateral orbital rims and
adjusted so that the mirrors view the corneal profiles and millimeter scale. The posi-
tion of the corneal profile in millimeters is noted for each globe. The results can be
reported as millimeters over the base value (i.e., distance between the lateral orbital
rims) or simply in terms of the actual distance in millimeters between the orbital rim
and corneal apex for both globes. Average readings in adults are between 15 and
17mm, but vary according to race and gender. A difference of greater than 2mm
between sides is significant. The main source of error using this method is position-
ing the footplates over the lateral orbital rims.

The presence of the following signs and symptoms indicates the need for open
treatment to prevent clinically significant (> 2mm) late enophthalmos:

1. Acute enophthalmos despite significant periorbital edema
2. Combined medial and inferior orbital wall fractures
3. Isolated medial wall fracture with medial displacement > 3–5mm
4. Isolated orbital floor fracture with inferior displacement �3mm

Although the volume of the orbital cavity is consistently increased in cases of
posttraumatic enophthalmos, it is an oversimplification to attribute enophthalmos to
this solely. To avoid postoperative enophthalmos, several factors must be considered
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before surgical exploration, including the extent of orbital wall displacement and col-
lapse and herniation of the retrobulbar soft tissues. Various criteria have related the
extent of the floor fracture, amount of soft tissue herniation, location of the fracture,
and the shape of the retrobulbar fat. Isolated medial wall fractures are less likely to
produce enophthalmos because the medial wall is lacking the striking retrobulbar
convexity present in the orbital floor. This retrobulbar convexity is important in
maintaining the shape of the retrobulbar fat and forward position of the globe
(Fig. 21). In addition, displacement of the medial orbital wall is associated with smal-
ler increases in orbital volume than to similar displacements of the orbital floor.
Approximately 1mm medial displacement of the medial wall results in a 0.4ml
increase in orbital volume, whereas 1mm inferior displacement of the floor results
in a 0.8ml increase in orbital volume (79). An increase in orbital volume of approxi-
mately 1.25ml will result in 1mm enophthalmos (38). Therefore, a 10% (2.5ml)
increase in volume would be expected to result in clinically significant enophthalmos.
This is roughly equivalent to 3mm inferior displacement of the orbital floor (39). It is
interesting to note that medial orbital wall fractures often accompany orbital floor
fractures in many cases of late posttraumatic enophthalmos. It appears that the com-
bination of a medial and inferior orbital wall fracture, especially when accompanied
by collapse of the bony buttress, is likely to cause posttraumatic enophthalmos (38).

Figure 21 Sagittal CT scan shows natural convexity (arrows) in the posterior orbit that is

important in maintaining the forward position of the globe.
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The presence of the following signs and symptoms indicate the need for open
treatment to prevent clinically significant late diplopia:

1. Diplopia and positive forced duction testing
2. Diplopia and depression or significant displacement of the origin of the

inferior oblique muscle
3. Acute entrapment of an extraocular muscle

Although diplopia is a very common symptom associated with a blowout frac-
ture, the majority of patients experiencing diplopia (> 95%) will be symptom free in
6 months. Therefore, surgery for diplopia must be reasonably selective. Even in those
at risk for permanent diplopia, if the problem occurs only in upgaze it is usually well
tolerated. Diplopia in primary or down-gaze will interfere with everyday activities
including reading and will be disabling. True mechanical restriction of gaze is the
most common significant risk factor resulting in persistent disabling diplopia. Force
duction testing is crucial in differentiating true entrapment from diplopia secondary
to contusion, neuropraxia, or edema. Usually only the periorbita is entrapped and
the muscle is restricted by virtue of its fibrous attachments to the entrapped tissue.
In rare cases, the muscle itself becomes entrapped (identified by CT scanning). The
fracture should be explored as soon as possible because the entrapped muscle may
undergo avascular necrosis. In rare cases, diplopia may be permanent in the absence
of positive forced duction testing. This is evident in cases of depression or significant
displacement of the origin of the inferior oblique muscle seen on CT scanning (76).

Blow-in (impacted) fractures more commonly involve the roof and lateral orbi-
tal walls and may be associated with decreased visual acuity and restriction of gaze.
The vast majority of patients so injured should undergo early surgical exploration to
remove the impacted segments of bone from the periorbita. Restoration of the
volume of the orbital cavity is a secondary gain and support of bony fragments with
plates and screws is often necessary (80).

Surgical Approaches

Numerous surgical approaches to the bony orbit are useful in trauma. The orbital
floor can be approached via an intraorbital route or through the maxillary sinus.
The various intraorbital routes include transcutaneous approaches (e.g., subciliary)
and transconjunctival approaches, which are reviewed elsewhere. Approaches
through the maxillary sinus involve an initial incision under the lip between the max-
illary buttress and canine. The sinus is entered through its thin anteroinferior wall
and the floor of the orbit is visualized directly or with an endoscope. Although clin-
ical experience using the endoscope for fracture reduction is limited, certain benefits
seem clear. Determinations of the actual size of the floor fracture and the possibility
of ruling out an orbital fracture clinically without the need for orbital exploration
through the eyelid are potential benefits (81). Reduction of orbital contents and
repair of the orbital floor are feasible using the endoscope: however, there is a risk
of injury to the periorbita by misdirected fragments of bone.

The medial orbital wall is approached via a transcutaneous incision between
the medial canthus and nasal dorsum or through the nose using an endoscope.
The transcutaneous route is direct, simple, and allows complete mobilization of
the periorbita and placement of implants as necessary. The incision is staggered
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and placed well away from the medial canthus to prevent web formation (82,83). A
subperiosteal dissection proceeds posterior to the posterior lacrimal crest on to the
lamina papyracea. The anterior ethmoid artery is clipped and divided to improve
exposure and hemostasis. The posterior limit of the dissection is the posterior eth-
moid artery, which can be left intact or also clipped and divided for hemostasis.
Although endoscopic repair of a medial blowout fracture is described, there are sev-
eral limitations to this approach (84). Moderate to severe fractures may distort
important intranasal landmarks that are used by the surgeon to avoid critical areas
including the cribiform plate, sphenoid recess and sinus, and posterior orbit. Most
orbital implants cannot be placed intranasally and require an external approach.
Like the transmaxillary sinus approach to the orbital floor, impalement of bone frag-
ments into the periorbita is possible.

The orbital roof can be approached directly through a laceration over the
superior orbital rim, transcranially, or subcranially. The orbital roof is approachable
via a limited or frontal craniotomy. All aspects of the fracture can be addressed
including reconstruction. However, this approach requires manipulation and retrac-
tion of the frontal lobe; such extensive exposure of the anterior cranial fossa may not
be required in all cases. Raveh et al. developed the subcranial approach as an alter-
native to frontal craniotomy for the open repair of extensive frontonasoorbital and
skull base fractures (85). Via a coronal incision, the subcranial approach allows com-
plete access to the superior aspect of the orbit and inferior aspect of the anterior cra-
nial fossa and frontal sinuses. Manipulation and reduction of bone fragments, repair
of dural defects, split calvarial bone grafting, and repair of frontal sinus fractures are
all possible without the need for craniotomy or retraction of the frontal lobe.

Treatment Overview

Routine surgical treatment of pure internal orbital fractures consists of disimpaction
of bone fragments, exploration and replacement of herniated periorbita, and freeing
of entrapped extraocular muscles. Of course, treatment of ocular, intracranial, and
optic nerve injuries must take precedence. Management of trauma to the globe
should be done in conjunction with an ophthalmologist and treatment of intracranial
and optic nerve injuries (most commonly found in association with orbital roof frac-
tures) should be individualized. Blindness is rarely associated with internal orbital
fractures. However, with the assistance of an ophthalmologist the signs of ongoing
or impending optic nerve dysfunction should be sought. The first sign of visual loss
may be as subtle as a decrease in the detection of the color red, a visual field defect,
or decreased visual acuity. Peripheral retinal fibers travel on the peripheral part of
the optic nerve, making them more vulnerable to injury. Constriction of the visual
field may be present due to optic nerve compression; central visual acuity may be
normal despite the constricted field.

Surgery should be delayed in cases of optic nerve injury that is improving.
Avoidance of further surgical trauma (e.g., implant insertion) is important to maxi-
mize recovery and minimize the chances of postoperative blindness (86). Surgical
decompression of the optic nerve may be considered in selected cases of stagnant
or worsening visual acuity. Impacted bone fragments associated with blow-in frac-
tures often require urgent reduction or removal, especially if there is impalement
of intraorbital structures. This can be found in high-energy ZMC fractures resulting
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in proptosis and increased intraorbital pressure. In these rare cases, reduction and
disimpaction of the zygomatic bone must be done as soon as possible. Herniated
periorbita and entrapped muscles must be replaced in the orbital cavity and the dis-
located orbital wall fragments replaced.

Treatment of orbital roof fractures usually consists of repositioning bony frag-
ments, stabilization with miniplates, and reconstruction using autologous calvarial
bone grafts (87). Associated intracranial injuries are repaired in conjunction with
a neurosurgeon via either a subcranial or a transcranial approach. Treatment of iso-
lated pure orbital floor and medial wall fractures consists of reducing displaced and
entrapped periorbita and extraocular muscles. These walls must be reconstructed to
support the reduced periorbita and recreate the natural convexity of the postbulbar
bony orbital cavity. The choice of material used for orbital implantation depends on
many factors and is a source of controversy (see section on Orbital Implant Materi-
als below). Once the graft is in place, intraoperative forced duction is performed to
ensure that there is no residual entrapment. When repairing the orbital floor, the
graft should be placed behind the orbital rim and supported by a posterior lip of
stable bone. The natural convexity present in the medial aspect of the floor posterior
to the globe should be recreated with the graft to restore the shape and position of
the intraconal fat.

Orbital Implant Materials

Many autologous, alloplastic, and allogenic materials are available for reconstruc-
tion and augmentation of the orbital floor. The choice of material often depends
as much on surgeon preference as the characteristics of the defect and implant.
The ideal implant should be sufficiently firm to support the periorbita yet be unlikely
to result in significant posterior displacement in case of repeated trauma. It must also
be of sufficient size, readily available, and compatible with the surrounding bone and
soft tissue so that the likelihood of infection or extrusion is negligible. Typical auto-
logous materials include ear or septal cartilage, iliac crest, anterior maxillary sinus
wall, and split calvarial bone. Alloplastic materials include titanium mesh, Marlex
mesh (Phillips Chemical Co, Houston, TX), Medpor (Porex Surgical Inc, College
Park, GA), Gelfilm (Pharmacia and Upjohn Inc, Kalamazoo, MI), and hydroxyapa-
tite blocks or cement. Allogenic materials include lyophilized dura or cartilage and
banked cadaveric bone.

A bone graft is the time-honored implant material for orbital floor reconstruc-
tion and augmentation. Both endochondral (iliac crest) and mesenchymal (split cal-
varial) grafts are commonly used for large defects of the orbital floor (larger than
2 cm2). Bone grafts provide sufficient firmness and bulk to reconstruct subtotal or
total defects of the orbital floor, roof, or walls. Large orbital floor defects may lack
a sufficient rim of uninjured bone to support a bone graft and a titanium mesh
implant may be needed to act as a scaffold. It is a popular misconception that the
titanium mesh enhances resorption of the bone (88). The disadvantages of using
autogenous bone, especially when correcting moderate to severe enophthalmos,
include gradual resorption of the implant, increased operative time, and potential
donor site morbidity. Sullivan et al. found that approximately one-third of the
thickness of an intraorbital iliac bone graft is resorbed over a 28week period (88).
The embryonic origin of the bone graft (mesenchymal vs. endochondral) may be
important with regard to the rate of resorption and final volume of the graft. It is
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commonly believed that bone grafts of mesenchymal origin (e.g., split calvarium)
tend to resorb at a much slower rate and maintain greater volume than bone grafts
of endochondral origin (e.g., iliac crest). Ozaki et al. challenged this perception by
comparing mesenchymal cortical grafts to endochondral cortical and cancellous
grafts in rabbits (89). The cortical bone grafts maintained their volumes significantly
better than the cancellous bone grafts independent of embryonic origin. Bone grafts
are nevertheless considered the gold standard for implant materials within the orbit
but their drawbacks (resorption, operative time, and donor site morbidity) are signif-
icant enough to warrant the use of alternative methods under most circumstances.
Bone grafts are generally reserved for patients undergoing revision surgery for cor-
rection of moderate to severe enophthalmos or globe malposition. However, split
calvarial bone grafts are sometimes used in the primary setting in cases of significant
bone loss, most often for floor defects over 2.5 cm2, especially if a coronal flap is
already in use. Routine use of the thin bone overlying the anterior wall of the max-
illary sinus is advocated by some for repair of moderate-sized orbital wall and floor
defects (90,91). Lee et al. found that this method was highly reliable, with little or no
tendency for the bone to resorb (91).

Cartilage grafts (conchal and septal) are readily available in most cases and can
be used to span large defects of the orbital floor, walls, and roof. Despite its acces-
sibility, only a few cases of cartilage grafts for orbital reconstruction are reported.
The grafts seem to be well tolerated with very low infection and extrusion rates.
In a study by Wiseman et al., the volume of cartilage grafts actually increase because
of fibrous tissue formation when transplanted from ear to ear in rabbits (92). There
are also reports of diced conchal cartilage for augmentation of the medial orbital
wall for correction of enophthalmos (93).

A variety of synthetic biomaterials are available for repair of orbital wall
defects. Some biomaterials have clearly been proved inferior with relatively high
infection and extrusion rates (e.g., Silastic) (94). Extrusions or compulsory removal
of the implant may occur from months to years after insertion. Implant failure has
been linked to dental surgery, upper respiratory tract infection, cutaneous fistula for-
mation, cocaine use, postoperative infection, and implant migration (95). Commonly
used materials today include methylmethacrylate, Medpor (Porex Surgical Inc., Col-
lege Park, GA), Marlex mesh (C.R. Bard, Inc., Murray Hill, NJ), Gelfilm (Pharma-
cia and Upjohn Inc., Kalamazoo, MI), and titanium mesh. Methylmethacrylate is
exothermic while curing and implants should be prefabricated ex vivo before placing
in the orbital cavity near the periorbita. A soft tissue capsule eventually envelops the
methylmethacrylate implant, making it easier to remove if required. However, it is
prone to extrusion upon minor repeated trauma or infection. Medpor (porous poly-
ethylene) allows both bone and soft tissue ingrowth, creating a stable implant that is
unlikely to extrude. The implant also provides a significant amount of bulk to the
orbital cavity and is especially useful for the secondary correction of enophthalmos
(96). Although this alloplastic implant appears to hold promise, there are no long-
term clinical studies regarding infection and extrusion rates. There is also a concern
that tissue ingrowth may lead to tethering and limitation of extraocular movement
(97). Marlex mesh provides insufficient support for prolapsing periorbita and is
rarely used (98). Gelfilm is thin (0.075mm) and is manufactured from denatured col-
lagen. It is useful for small defects with very limited herniation of periorbita. Gelfilm
is eventually resorbed and replaced by fibrous tissue (99). Although titanium mesh is
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of proven benefit in supporting large bone grafts, it is also useful alone for repair of
orbital floor and medial orbital wall defects up to 2.5 cm2 (Fig. 22). Of course, the
mesh will not provide much bulk but it is useful to restore intraorbital contour
and prevent herniation of the periorbita.

Late Diplopia and Enophthalmos

Despite proper initial surgical and medical treatment of internal orbital fractures,
long-term disabling diplopia and enophthalmos may still occur. The occurrence of
long-term diplopia and enophthalmos correlates most closely with the severity of
the fracture regardless of treatment. Diplopia is especially disabling if it occurs in
primary or downgaze. Diplopia in upgaze or in the extremes of gaze is not significant
and requires no treatment. The foundation of correcting diplopia is extraocular mus-
cle surgery. Selection of the appropriate procedure is based on the degree and nature
of the ocular muscle dysfunction (101). Diplopia may also be correctable by altering
the abnormal position of the globe (correcting enophthalmos or vertical globe mal-
position). In some cases, globe malposition may sufficiently displace the extraocular
muscles, or alter the visual axis, to result in diplopia despite the absence of significant
extraocular muscle injury. Restoring the globe to a more normal position will
improve the diplopia and obviate the need for extraocular muscle surgery (102).

Complete correction of late enophthalmos is often difficult or impossible.
The effects of scarring within the periorbita are pervasive and extremely difficult to

Figure 22 Titanium mesh implant used for repair of a large floor defect in the right orbit.
The inferior lid is retracted inferiorly while the periorbita is supported superiorly using a wide

ribbon retractor. Note that the implant is bent over the inferior orbital rim and two
microscrews are used to hold the implant in place. Posteriorly, the impant should rest on a
stable bony shelf.
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overcome. Greater success is possible in effecting a change in the vertical position of
the globe, but significant changes in the anteroposterior plane are difficult to attain.
The volume of the globe and periorbita remain nearly normal in most cases of post-
traumatic enophthalmos. Increase in volume of the posterior bony orbit associated
with a change in the shape of the retrobulbar fat (from a convex to a more spherical
configuration) correlates most closely with the occurrence of clinically significant
enophthalmos (103). Therefore, attempts to move the globe forward should focus
on augmenting the posterior orbit and recreating the retrobulbar convexity that is
present in the orbital floor. These maneuvers will decrease orbital volume and
restore the shape of the retrobulbar fat. A common error is to place grafts too ante-
riorly (anterior to the axis of the globe) thereby changing only the vertical position of
the globe with no effect on its anteroposterior position. The most common grafts for
the correction of enophthalmos are split calvarial bone grafts but Medpor implants
are also frequently used. Medpor implants are easily shaped, allow tissue ingrowth
for stability, avoid the potential morbidity of a donor site, and do not resorb. Since
long-term experience using Medpor is limited, split calvarial bone grafting remains
the gold standard. When using bone grafts, a certain degree of resorption should
be anticipated (up to 30%) and overcorrection is advocated. However, in actual
practice, movement of the globe is limited and even normalization of globe position
is often impossible. The limit of graft material that the posterior orbit will accommo-
date without undue pressure over the globe and periorbita is usually reached well
before the enophthalmos is fully corrected.
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18
Management of Massive Traumatic
Tissue Loss

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

EPIDEMIOLOGY

Although in the first 45 years of life personal assault is the most common cause of
craniofacial injury, massive tissue loss is most often associated with motor vehicle
accidents and gun shot wounds (GSWs). Injury and death rates are decreasing from
motor vehicles and increasing from firearms. In the United States, the majority of
firearm injuries are caused by handguns.

Motor vehicle accidents (MVAs) generally cause blunt trauma that only occa-
sionally is avulsive in nature. However, crashes involving alcohol or drugs are par-
ticularly likely to cause moderate to severe facial trauma. This may be due to the
effect that these substances have on the normal and protective reflexes at the time
of an accident (1). Drivers and front seat passengers are significantly more likely
to be injured than occupants seated in the rear (2). The most common vehicle contact
point resulting in facial injury (all severities) in unbelted passengers is the windshield
or seats. When seat belts are worn, the most common contact point and source of
injury is the steering wheel (3). Seat belts significantly reduce the incidence of facial
laceration and the number of facial fractures but may not prevent mandibular frac-
tures, further supporting a need for improved safety belt design (4). Air bags reduce
the risk of brain damage, facial laceration, cervical spine injury, and death in severe
car crashes (5).

GSWs are more often responsible for massive tissue loss. The differing nature
of bone loss between MVAs and GSWs is significant since penetrating injuries, espe-
cially from high-velocity missiles, often result in explosive, destructive, and indiscri-
minate tissue injury. The missile tends to traverse bony structures, leaving them
shattered and resulting in a loss of viable bone. In contrast, MVAs generally cause
blunt injury, resulting in fractures along the weakest planes of the facial skeleton:
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instead of shattering bone, it leaves intact bone segments that can be reduced with-
out a net loss of viable bone.

Injuries due to firearms are approximately equally divided between suicides
and homicides. Patients who attempt suicide by placing the muzzle of the gun under
the chin will often reflexively extend their head when firing the weapon. This results
in a facial high-energy avulsive wound as the cranial cavity is jerked out of the path
of the missile.

HISTORICAL PERSPECTIVE

Before the 20th century, experiences gained from treating war casualties led to the
only significant advances in reconstructive surgery. The nature of war injuries dra-
matically changed after gunpowder was introduced in Europe in the 14th century.
Gunpowder is believed to have originated in 9th century China where it was used
for making fireworks. It is a mixture of saltpeter (75%), sulfur (10%), and charcoal
(15%). Saltpeter is a chemical compound (KNO3) that releases oxygen when heated.
Gunpowder was largely outmoded by nitroglycerin for use in the manufacture of
smokeless powder and dynamite. Nitroglycerin was first produced commercially
by Alfred Nobel. Concerned about the potential uses of nitroglycerin, he established
a fund to provide annual awards in the sciences, literature, and the promotion of
international peace.

The small arm (firearm) was initially a crude handheld cannon fired by igniting
the gunpowder at the touchhole. Later, the matchlock handgun provided a trigger to
move the flame to the touchhole, its successors being the wheel lock and flintlock
(spark generating). The musket and the pistol were shoulder-braced and handheld
variations of this technology. In the 15th century, it was discovered that by creating
spiral grooves in the barrel (rifling) it would impart a spinning motion to the bullet
greatly improving its accuracy. Rifled muskets first came into prominent use in the
American Civil War. All long-barreled guns subsequently became rifled with the
exception of shotguns that fire either a single slug or, more commonly, several pel-
lets. By the 19th century, breechloaders (rear loading), magazine loading, smokeless
powder, and bolt action firearms came into common use. The modern handgun with
a revolving cylinder for semiautomatic firing was introduced by Samuel Colt in 1835.
Most of the subsequent developments in small weaponry involved rapid-firing
machine guns (e.g., the Thompson submachine gun or so-called Tommy gun in
the 1920s) and semi-automatic lightweight rifles (e.g., the American M-16 and the
Russian AK-47).

GSWs during the 15th and 16th centuries were created by low-velocity missiles
(< 600m=s) that caused tissue injury limited to the path of penetration. The foremost
danger in patients who survived the initial injury was infection. The bullet was dirty
and harbored several pathogens that, when propelled into soft tissue, could lead to
fatal infection within a few days. In addition, laceration of the bowel was also a
major cause of sepsis. During this period, wound management after GSWs mainly
consisted of removal of all bullet fragments, even by the use of additional incisions,
to reduce the incidence of infection. Physicians instilled a variety of caustic concoc-
tions into the wound including hot oil to neutralize the poisons associated with the
bullet fragments. With the introduction of the rifle and higher-velocity weapons,
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direct tissue injury became a much more prominent cause of postinjury morbidity
and mortality.

Improvements in the immediate treatment of wounds and rapid transport to
hospitals resulted in a dramatic decrease in mortality associated with battle wounds
in World War I. Further improvements in morbidity and mortality resulted with the
widespread use of sulfonamides in the World War I. The benefits of instituting treat-
ment early and the routine use of antibiotics have led to more conservative manage-
ment of GSWs, especially those involving the maxillofacial region.

BALLISTICS

Classifying firearms is helpful in predicting their wounding capabilities. The first
consideration is the weapon’s caliber (diameter of its muzzle bore) and the projec-
tile’s velocity. The wounding potential and lethality of handguns are proportional
to the caliber of the weapon. Handguns range in caliber from 0.22 to 0.45 (hun-
dredths of an inch). If the caliber of a bullet is essentially its mass (m), then the
kinetic energy (KE) with respect to caliber and velocity (v) is expressed:

KE ¼ mv2

2

The most important variable in energy transfer is the velocity of the missile. The re-
levant value of velocity is at the entrance to the body (impact velocity), not within
the muzzle. If the bullet exits the body, not all of the KE is dissipated, and the
amount of KE actually spent to wounding tissue is expressed:

KE ¼ mðv1 � v2Þ
2

Handguns are considered low-velocity weapons with muzzle velocities ranging from
200 to 450m=s. High-velocity weapons have muzzle velocities over 1000m=s. Mag-
num handguns increase the powder charge to propel the bullet at a higher velocity,
but are still classified as low-velocity weapons. High-velocity weapons, such as the
typical rifle with calibers ranging from 0.17 to 0.460, have muzzle velocities over
1000m=s and are able to propel a bullet accurately at high velocity over long
distances.

Other factors that influence the degree of tissue injury secondary to gunshots
include the composition and flight characteristics of the bullet. The modern bullet
usually has a lead core encased in a copper jacket. A fully copper-encased bullet tra-
vels more true through the air, with improved accuracy and velocity retention. The
copper casing also minimizes bullet deformation both in flight and after tissue pene-
tration. Bullet deformation increases the effective diameter of the wound, resulting in
a significant increase in tissue damage. Although not approved by the Hague Con-
vention (1908) for military use, some bullets are designed to deform on impact (e.g.,
dum-dum, hollow-point, or soft-nose). These expanding bullets tend not to exit the
tissues but expend all their potential KE within the tissue.

The flight characteristics of a bullet influence the interactions of the bullet with
the penetrated tissue. A high-velocity bullet demonstrates several types of movement,
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both because of the velocity and the spin imparted on it by the rifled bore. The types
of movement are yaw: oscillation around the long axis of the bullet; precession: oscil-
lation in a spiral form; and nutation: rotational movement in small circles forming a
rosette pattern on forward flight (6). When the bullet hits tissue, these movements
increase the drag and release of KE, resulting in greater tissue damage. A bullet that
is steady in flight with minimal yaw will tend to undergo less destabilization on
impact and will be more likely to pass through tissue without significant loss of KE.

Shotguns are unique in their dramatically different wounding capabilities,
depending on the distance from the victim. Other factors include the gauge of the
shotgun, cartridge size, pellet load, power charge, and the angle of the shot.
Although a shotgun has a muzzle velocity of 370m=s, (higher than most handguns),
the projectile’s velocity decreases rapidly after departing the muzzle. At approxi-
mately 30 yards, its impact velocity and wounding capability are dramatically
reduced. Most penetrating shotgun injuries in humans occur at less than 10 yards
(7). Shotgun injuries within 3 feet of the muzzle are characterized by massive soft
and hard tissue destruction, often with large chunks of tissue blown out of the
wound.

TISSUE INJURY

As the impact velocity of a typical bullet exceeds 600m=s, shock waves and tempor-
ary cavitation phenomena occur within the penetrated tissues. Cavitation is caused
by the tendency of the tissue surrounding the path of the bullet to flow forward
briefly, creating a wavelike sucking and vapor-filled cavity lasting several millise-
conds. The degree of tissue necrosis, up to 30–40 times the diameter of the bullet,
depends upon the elasticity and density of the tissues along the bullet’s path. Solid,
less elastic tissues tend to suffer the greatest injury while air-filled spaces (e.g., lung
or bowel) tend to suffer the least damage. With regard to maxillofacial injuries, high-
velocity bullets tend to cause the most damage to bony tissues, while bullets that tra-
verse the air-filled spaces of the oropharynx, nasopharynx, and sinuses tend to cause
the least amount of damage. The mandible is affected in approximately 25%, the
maxilla in 25%, and combined mandible, maxilla, and orbit in 50% of cases invol-
ving avulsive high-energy ballistic wounds (8).

The pathological changes to blood vessels surrounding the path of the bullet
are of concern when considering free tissue transplants. The temporary cavity pro-
duces a blunt crushing injury to blood vessels in proximity to the path of the projec-
tile. The pathological changes include microthrombus formation, endothelial loss,
breaks in the internal elastic layer, and necrosis. In a study of dogs receiving high-
velocity bullet wounds (a 1 g steel ball traveling 1300–1500m=s) to the head, micro-
angiopathic injury occurred within 3 cm of the path of the bullet. Mild pathological
changes occurred between 2–3 cm, and these tended to recover 7 days after injury.
Prior to 3 days after the injury, small vessel anastomoses tend to fail within this zone
of injury. Therefore, if free tissue transplantation is planned, it should be done after 3
days following the injury, and the donor vessels should originate at least 3 cm away
from the path of the bullet (9).

The principal mechanism of injury from low-velocity bullets is laceration and
crushing of tissues along the path of the bullet. Single or multiple bone fractures
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are present in the majority of low-velocity missile wounds in the head and neck.
Most common are comminuted fractures of the mandible, followed by fractures
involving the maxilla and midface. In low-velocity injuries, damage is limited to tis-
sues immediately proximate to the path of the bullet; however, a bullet is often
deflected multiple times and its path may not be predictable. Simply tracing a line
between the entrance and exit wounds is not an adequate indicator of the path the
bullet; looking for a trail of lead fragments on CT scanning may be more predictive.
The entrance wound in handgun injuries is characteristically small and well formed.
Often, there is no exit wound due to the lower energy of the bullet and its frequent
contact with bone.

WOUND CLASSIFICATION

GSWs can be classified according to the terminal location of the missile and its
wounding effect as penetrating, perforating, or avulsive. The bullet is retained within
the tissue in penetrating wounds (either superficial or deep). The bullet traverses the
tissue (there is an exit wound) in perforating wounds. In avulsive wounds, tissue
damage is massive and large chunks of tissue may explode from the wound. Pene-
trating injuries are usually caused by low-velocity bullets typically from handguns.
The perforating wound is usually caused by higher-velocity bullets from high-pow-
ered handguns or rifles, creating a small entrance wound and a relatively larger or
gaping exit wound. High-velocity bullets, heavy arms, or close-range shotgun blasts
cause avulsive injuries. The entrance wound may be small if caused by a conven-
tional rifle, and gaping if caused by heavy arms or shotgun. Although this classifica-
tion is useful for a basic description of the type of wound and its potential for tissue
injury, it lacks any specific reference to the extent of tissue injury.

No uniform classification of handgun injuries exists. However, in an analysis of
40 cases of low-velocity handgun injuries, Cohen et al. devised a simple classification
scheme based on the severity of soft and hard tissue injuries (10):

Type I: Soft tissue injury alone
Type II: Single fracture without comminution
Type III: Single fracture with localized comminution of the fracture site
Type IV: Severe comminution of a large area of bone
Suffix ‘‘s’’: associated significant soft tissue injury

A classification of ballistic and avulsive facial injuries should be based on the
causes and anatomical tissue loss (gunshot, shotgun, or high-energy avulsive). Any
extensively avulsed facial injury can produce an evolving pattern of tissue loss; how-
ever, high-energy ballistic and close-range shotgun injuries are the usual causes.

EMERGENCY TREATMENT

The initial emergency room encounter with a patient who has sustained a massive
traumatic facial tissue loss consists of

1. Rapid assessment of all entrance and exit wounds
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2. Assessment of the ABCs for immediate resuscitation (airway, breathing,
circulation)

3. Establishing an airway, usually by endotracheal intubation, before blood
or edema impede access to the airway

4. Performing a tracheotomy or cricothyroidotomy, if necessary
5. Control of hemorrhage by pressure and selective hemostasis
6. Protection of the cervical spine via immobilization or cervical collar

Delay non-life-threatening maxillofacial injury assessment until the patient is
stabilized. Two major problems in the initial management of patients with facial
trauma are bleeding and difficulty in obtaining an airway. In all cases of severe max-
illofacial injuries, an airway should be established as soon as possible. Foreign bodies
such as teeth or debris are commonly found in the upper airway after massive facial
trauma and should be sought in the initial encounter. If attempts at endotracheal
intubation (either directly or with a fiberoptic laryngoscope) are unsuccessful, or if
there is laryngotracheal separation or overwhelming bleeding, an airway should be
established in the neck. This can be accomplished by routine tracheotomy, cricothyr-
oidotomy, or direct tracheal intubation in the case of a gaping neck wound. An
endotracheal tube or tracheostomy tube directly sutured to the trachea or surround-
ing skin should be used. Difficult-to-control oral bleeding can be controlled with
pharyngeal packing after the airway is secured. The approach to nasal bleeding
should be more judicious since the haphazard placement of packing can exacerbate
or create a cranial base injury. In cases of nasal hemorrhage, a Foley catheter can be
placed through the nose with the distal balloon in the nasopharynx. The balloon
should be carefully filled with water, followed by the placement of standard anterior
nasal packing.

Specific assessment of the cervical spine is essential in any patient with a severe
facial injury. Midface injures are most often associated with cervical spine injuries at
the level of C5–7. Injuries to the lower third of the face tend to be associated with
injuries of the upper cervical spine. The incidence of cervical spine injury associated
with injuries of the maxillofacial region varies between 0.3 and 19.3% (11).

DIAGNOSTIC TESTING AND INJURY CLASSIFICATION

Subsequent acute care management will depend on whether the patient can safely
undergo various radiographic studies including computed tomography (CT) or mag-
netic resonance imaging (MRI) and angiography. Angiography is the standard
method for detecting clinically occult vascular injury. Magnetic resonance angiogra-
phy may be appropriate for selected patients, but it does not render adequate defini-
tion to rule out subtle vascular injuries that may require operative intervention.
Uncontrollable hemorrhage, expanding hematoma, or intra-abdominal injuries are
the usual reasons for emergency transfer to the operating room without first having
the patient undergo radiographic assessment of the wound and surrounding vital
structures.

Radiographic assessment prior to fracture reduction and soft and hard tissue
reconstruction consists primarily of CT scanning. The entire facial skeleton can be
assessed with fine cut (2mm) CT scanning in the coronal and axial planes. With this
degree of detail, a very accurate three-dimensional CT can be obtained that can
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assist the surgeon in visualizing the extent of injury (Fig. 1). Based on these types of
scans, stereolithographic models can also be constructed that allow the surgeon to
view and manipulate the pertinent anatomy prior to surgery (12).

Separating the head and neck into zones of injury can be useful. Zone I lies
between the clavicle and the cricoid cartilage; zone II lies between the cricoid carti-
lage and the mandibular angle; zone III lies between the mandibular angle and the
base of the skull. These divisions become obscured and arbitrary in massive avulsive
and high-energy facial injuries. Even in wounds caused by low-velocity bullets, sec-
ondary bullet fragments or propelled tissue fragments can cause injury to an adjacent
zone despite clearly defined entrance and exit wounds that seemingly are confined to
a single zone. Vascular injuries in zone I and zone III are more likely to be clinically
silent and are more difficult and treacherous to approach surgically. Angiography,
both diagnostic and therapeutic, should be performed in cases of suspected injury
involving zones I and III. Zone II is easier to access surgically, and proximal and dis-
tal control of vascular hemorrhage is straightforward. Therefore, injuries limited to
zone II may be surgically explored to rule out significant vascular injury. Patients
with massive tissue loss due to high-energy GSWs will have injuries that involve
at least zone III, and in most cases should undergo cervical angiography as soon
as possible upon presentation. Significant findings include arterial thrombosis,
arteriovenous fistula, bullet embolus, pseudoaneurysm, and intimal disruption or
tear.

Figure 1 Three-dimensional CT scan is useful for operative planning and assessing the
extent of injury.
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EARLY WOUND MANAGEMENT

Tetanus prophylaxis and broad-spectrum antibiotics are indicated in all cases. The
degree of tissue injury from GSWs is often difficult to assess accurately during the
first several hours of injury. This is due to several problems associated with the acute
GSW:

1. Evolving tissue necrosis surrounding the bullet, especially relevant to high-
velocity bullet injuries

2. Secondary bullet and tissue fragments that act like small missiles to
cause injuries apparently well away from the presumed path of the
bullet

3. Unpredictable injuries due to bullet deflection within the tissues
4. Imminent tissue changes including edema that may affect surrounding vital

structures such as the cranial nerves or airway
5. The often moribund condition of the patient, making examination of vital

functions such as vision difficult

Ballistic wound management was originally described as a guide to managing
ballistic injuries in the 18th century. The method was designed to minimize tissue
necrosis and infection and involved wound packing and serial debridement followed
by delayed reconstruction. The basic tenets of this method include frequent open
wound assessments to accomplish the following:

1. Evacuate hematomas
2. Debride nonviable and infection-prone tissue
3. Eliminate dead space
4. Immediate stabilization and anatomical reduction of existing bone
5. Check for viable tissue alignment

Any wound with an extensive soft and hard tissue or avulsive injury may
behave like a high-energy ballistic wound, and a ballistic wound protocol is effective
in reducing the degree of ultimate tissue loss.

The patient with a GSW must be carefully monitored and repeatedly examined
over the first 48–72 h after the initial injury. This is despite the variety of initial stu-
dies such as CT scanning, MRI, and angiography that may show negative results.
Tissue injury, especially ophthalmic and avascular tissue necrosis, may be evolving
or unrecognized during the initial encounter and radiological assessments. Ophthal-
mological consultation should be sought for deeply penetrating injuries involving the
upper third of the facial skeleton. Continuing loss of vital tissues is common,
especially in high-energy and avulsive wounds. Early debridement and antibiotics
significantly decrease the eventual amount of tissue loss in GSWs. Debridement of
obviously necrotic tissue under general anesthesia (assessment of tissue necrosis
includes color and capillary bleeding) within 6 h is required to minimize the ultimate
amount of tissue devitalization. However, intravenous penicillin has been shown to
increase this window of opportunity effectively to 12 h (13). Repeated debridements
every 12–24 h are usually necessary, but early intervention lessens the need for sub-
sequent debridements. Wound debridement may need to be delayed if the patient is
unstable or if a developing problem such as vision deterioration is detected.
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During the initial evaluation and exploration of massive tissue injuries, a vari-
ety of problems may be encountered including of bullet fragments, severed facial
nerve branches, a severed parotid duct, an injured globe, and exposed auricular car-
tilage. In most circumstances, removing bullet fragments is unnecessary. However,
fragments may migrate and occasionally extrude either through the skin or into
the airway several months to years after the injury. This is particularly true when
the fragments are within a mobile area such as the neck or posterior pharynx. If a
large fragment is near a major vessel within the neck, it can erode the vessel and lead
to hemorrhage in the future. Factors such as the size of the fragment necessary to
cause erosion are unknown. However, an easily accessible bullet fragment should
be removed if it is resting near a major neck vessel.

Severed nerve branches may be tagged or repaired during the initial surgical
exploration depending on the need for continuing debridement within the area.
The distal segments of the facial nerve may be stimulated (using a facial nerve electric
stimulator) within 72 h of the injury. This is valuable to locate the distal cut
segments. The nerve ends may be reanastomosed primarily with three to four
nonabsorbable fine sutures through the epineurium. If the nerve ends are separated
and primary anastomosis is not possible, a nerve graft should be exploited using
either the greater auricular nerve or sural nerve.

Injury to the parotid duct can be detected by cannulating the duct papule with
an 18–22 gauge catheter and injecting diluted methylene blue. Extravasated dye
represents either a complete duct transection or a laceration. The potential sequelae
of this injury are parotid duct stenosis, salivary fistula, and sialocele formation. To
minimize the occurrence of these problems, primary duct repair should be performed
(under loop magnification) using fine nonabsorbable sutures. Salivary fistulas and
sialoceles will usually resolve spontaneously, even without salivary duct repair. Par-
otid stenosis is usually more difficult to manage and may require repeated dilation
(14,15).

Globe injury may lead to delayed blindness in the opposite eye due to sympa-
thetic ophthalmia. Sympathetic ophthalmia is a rare granulomatous uveitis asso-
ciated with either a perforating globe injury in the region of the ciliary body or a
retained foreign body in the eye. The injured eye becomes inflamed first and the
other eye follows (sympathetically), usually at least 10 days after the initial injury.
The cause is unknown, but it may be a T-cell-mediated autoimmunity to uveal
and retinal antigens. Systemic steroids may help suppress the autoimmune response
and delay the onset of blindness (16,17). Symptoms include photophobia, redness,
blurred vision, and occasionally pain. The most effective prevention is enucleation
of the injured eye within 10 days following the injury. If the injured eye is not enu-
cleated, the patient must be vigilant and seek medical attention immediately at the
first sign of blurred vision, redness, or photophobia. Sympathetic visual loss can
occur even years following the injury.

It is common to find exposed ear cartilage associated with these types of inju-
ries. If primary skin closure over the area of exposed cartilage is not possible, the
cartilage should be carefully preserved and buried in postauricular skin. This
prevents chondritis and further tissue loss and leaves the cartilage in the area for
subsequent reconstruction. If the perichondrium is intact, split-thickness skin
grafting will also be effective in covering the cartilage in wounds that are not grossly
contaminated.
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TRAUMATIC AMPUTATIONS OF FACIAL STRUCTURES

Replantation of traumatically amputated facial parts without re-establishment of the
blood supply is usually unsuccessful unless the part is very small. A nonvascularized
replanted part may survive if it is precisely amputated with minimal crushing injury
and if there is no more than 1 cm between all areas of the part and the vascularized
bed. Larger amputated facial parts must be replanted with reconstitution of their
blood supply. This is often very difficult due to the small size of the arteries and fre-
quent lack of veins suitable for anastomosis. A variety of tissue parts can be consid-
ered for reimplantation including the scalp, nasal tip, ear, lip, and eyebrow.

The scalp is particularly suitable for replantation because the entire unit can
survive on a single superficial temporal artery and vein, and, in avulsive injuries,
these vessels are usually well preserved. Techniques for improving the venous out-
flow in revascularized flaps include leeching, creation of arteriovenous fistulas,
and repeated pin pricking. Repeated pricking is rarely successful. Creation of an
arteriovenous fistula involves anastomosing one of the arteries from the amputated
part to a vein in the recipient bed. This method is probably most successful when a
suitable donor vein is unavailable. Leeching can be successful in many cases; how-
ever, blood loss can be significant and there is an increased risk of bacterial infection.
The leech can ingest up to 8–10ml blood, and the wound can continue to ooze
another 50ml blood from the bite site (18). Wound infection is most commonly
caused by Aeromonas hydrophila, a facultative gram-negative rod that is part of
the normal flora in the leech gut flora. Prophylactic antibiotics should be adminis-
tered to counteract this organism, commonly third-generation cephalosporins (cef-
triaxone), ciprofloxacin, aminoglycosides, sulfa drugs, or tetracycline (19). The
overall success rate for reimplantation of amputated facial parts is approximately
50%. However, an aggressive attempt at microsurgical reimplantation will result
in more tissue survival and a better cosmetic outcome than any other reconstructive
procedure (20).

DELAYED PRIMARY RECONSTRUCTION

Delayed primary reconstruction describes initiating the reconstruction process dur-
ing the same hospitalization after a period of delay to allow for wound stabilization
(usually within 7 days of the injury). Reconstruction in the past was delayed for sev-
eral months to allow for wound and scar maturation and healing of oral cavity
wounds to minimize salivary contamination of secondarily placed grafts, flaps,
and implants. Nonvascularized bone grafts will not survive in the presence of inade-
quate soft tissue coverage, salivary contamination, or infection. The patient was
usually reconstructed in several stages by first providing adequate soft tissue to seal
the oral cavity and a well-vascularized bed for future placement of bone grafts. How-
ever, secondarily placed bone grafts often cannot fully restore the contour of the
overlying soft tissues due to dense scarring. Multiple smaller revision procedures
were required to shape the soft tissue flaps and to revise scars.

In the late 20th century, remarkable technological improvements in flap selec-
tion and design have made primary reconstructive efforts much more effective.
Primary reconstruction has become more reliable due to the availability of composite
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tissues including vascularized composite tissue grafts and a greater understanding of
wound care in high-energy avulsive injuries. These tissues can be placed without
compromise in fields grossly contaminated with saliva and can actually fight infec-
tion and improve vascularity. Early definitive reconstruction requires fewer proce-
dures and fewer hospitalizations during the course of treatment (21).

The greatest achievements in reconstructive surgery involve the ability to
replace missing bone and restore the facial skeletal framework. Advancements in
antibiotics, craniofacial surgical techniques, accurate preoperative planning using
CT scanning, techniques of open reduction, and the sophisticated use of regional
and free tissue transfers have made the near-perfect restoration of the facial skeleton
a reasonable goal. However, there are substantial deficiencies in the ability to restore
muscular function and soft tissues. To achieve an optimal cosmetic result, the skele-
tal framework must be accurately reconstructed allowing the much more difficult
task of soft tissue replacement to proceed unhampered by gross contour deformities
and cicatrical collapse. The most important considerations during the initial phases
of reconstruction of massive tissue deficits include the following:

1. Open reduction and fixation of facial fractures
2. Replacement of missing bone
3. Replacement of missing soft tissue
4. Intraoral and pharyngeal reconstruction to maximize speech and

swallowing
5. Careful planning of future stages so as not to disrupt adjacent tissue

transfer or proceeding with ill-conceived and unrealistic attempts at
primary reconstruction.

Fractures should be reduced and fixed with miniplates, wire osteosynthesis,
and external fixation devices as needed. Augmentation of lost bone in the midface
and orbit can be done with free bone grafts, preferably split-thickness bone grafts
from the calvarium. Preoperative planning together with an anaplastologist and a
maxillofacial prosthodontist is essential. Definitive reconstruction in areas of bone
loss using microvascular bone grafts should proceed despite a possible lack of over-
lying skin. If the overlying skin is intact and the bone is destroyed, especially in the
areas of the premaxilla and mandible, primary bone reconstruction is crucial to pre-
vent cicatricial contraction of the skin envelope. This is particularly relevant to low-
velocity missile injuries since the underlying bone injuries are usually much more
substantial than the soft tissue injuries.

A massive wound resulting from a low-velocity missile typically will have
extensive underlying bone injury, including multiple displaced and devitalized frag-
ments associated with minimal soft tissue cover and skin injury. This type of wound
is similar to those caused by severe blunt injuries and is characterized by complex
facial fractures with minimal skin loss. However, the fractures resulting from GSWs
do not follow the typical fracture patterns seen in blunt facial trauma. They follow
the path of the bullet and usually do not occur along areas of weakness in the facial
skeleton such as typical Lefort or zygomatic complex fractures. Nevertheless, these
wounds can be treated similar to complex facial fractures using all the typical cranio-
facial approaches and rigid internal fixation. However, the need for bone replace-
ment using microvascular bone grafts is higher in wounds created by GSWs
because the underlying bone may be destroyed.
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During the initial reconstruction, several key areas of the skeleton must be cor-
rected with respect to symmetry, contour, support, and function including the orbit,
maxilla, and mandible.

PRIMARY ORBITAL RECONSTRUCTION

The orbital rims should be verified to be symmetrical and in good position to mini-
mize eyelid malposition and contour abnormalities. Proper eyelid and canthal posi-
tion is obtained by confirming that the distance between the medial canthi (between
the eyes) is equal to width of the palpebral fissures (from lateral canthus to medial
canthus). Measurements are referenced to a horizontal line across the nasion. The
distances between this line and the lateral canthus, medial canthus, and pupil (in pri-
mary gaze) on the uninvolved side can be used as a guide for accurate globe and
canthal repositioning for the abnormal side (Fig. 2).

Globe projection can be assessed with a Hertel prism exophthalmometer by
measuring the height of the dome of the cornea based on the plane of the lateral orbi-
tal rim (normal values ¼ 12–20mm). A 2mm difference between the projection of the
globes is usually obvious. Excessive orbital volume is a common finding in patients
with severe penetrating and blunt facial trauma. The orbital volume must be restored
by sufficient reduction and reconstruction of the walls of the orbit, especially medially
and inferiorly. Failure to restore orbital volume will result in an inferiorly displaced
globe that is enophthalmic and rigidly enveloped in scar. The main cause of
enophthalmos is an increase in the volume of the posterior orbital cavity due to bone

Figure 2 Relationships of the lateral and medial palpebral commissures.
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loss and malposition. The anterior–posterior projection of the globe is primarily
dependent upon volumetric and support mechanisms posterior to the equator of
the globe. Failure to correct deficiencies of bone mass and support in the posterolat-
eral, posteromedial, or posterior orbital floor will result in enophthalmos. Even if a
defect in the bone is not evident, bone grafts should be placed in the posterior orbit
to restore its conal shape and correct volume deficits. Deficiencies of bone and sup-
port in the anterior orbit (anterior to the equator of the globe) tend to affect the ver-
tical position of the globe. The final position of the globe is determined by the orbital
volume, inferior support of the periorbital contents, and size and location of bone
grafts. The anteroposterior(AP) axis (projection) can be measure with a Hertel
exophthalmometer and is the distance from the corneal apex to the lateral orbital rim.

Approximately 13% of patients with severe, complex facial fractures will
require autogenous bone or cartilage grafting in the primary setting (22). Intraorbital
and periorbital reconstruction can generally be achieved using split calvarial onlay
bone grafting to repair gaps and restore orbital volume. The superior orbital rim
is the most common area of injury requiring immediate bone grafting. Block grafts
from the iliac crest (endochondral bone) tend to undergo more resorption (75%)
than split calvarial bone grafts (membranous bone) that only lose 10–20% of their
volume. The cancellous portion of the bone should be in contact with the recipient
bone and preservation of the periosteum may help to minimize absorption. Once
skeletal fixation is completed with rigid miniplates, areas of bone loss over the orbi-
tal rims or internal orbit become apparent. Bone grafts are used to span the bony
gaps over the orbital rims and are fixated to the previously placed rigid miniplates.
Defects within the bony orbit are repaired with an onlay technique with or without

Figure 3 Split calvarial bone grafts harvested through a separate scalp incision.
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fixation of the bone grafts. Primary bone grafting is successful in most cases of cra-
nial and midface reconstruction, and split calvarial bone grafts will survive despite
having one side facing an open cavity (8). Multiple calvarial bone grafts can be har-
vested through a hemicoronal scalp incision Fig. 3). In cases of massive tissue loss
over the orbital rims, the primary placement of free bone grafts is more difficult
and may lack an adequately vascularized tissue bed to support the bone. In these
cases, a rotational flap or free vascularized tissue must be used for coverage. An
osteocutaneous free flap should be considered if there is orbital rim bone loss and
severe bony maxillary deficiencies, especially associated with large cheek defects.

RECONSTRUCTION OF THE MAXILLA

The vital areas of the maxilla where tissue loss must be addressed include the frontal
process of the maxilla, the zygomaticomaxillary (ZM) buttress, hard palate, and the
pyriform apertures. Isolated anterior or medial wall (lateral nasal wall) losses are of
no consequence. Frontal process and ZM buttress loss results in destabilization of
the midface and some minor contour deficiencies. Lacrimal sac and duct injuries
are often associated. Instillation of dye (fluorescein) into the upper and lower cana-
liculi can uncover canalicular, lacrimal sac, or duct injuries. The canaliculi can be
stented with fine polyethylene tubing (Jones’ tubes) if injury is found isolated to these
structures. Lacrimal sac tears should be sutured with fine nonabsorbable sutures.
Injured lacrimal ducts can be bypassed by primary or secondary dacryocystorhinost-

Figure 4 Palatal defect: fibular bone transferred to reconstruct entire hard palate that
disintegrated after a GSW to the face. Large arrows, fibular bone; small arrow, oronasal

fistula.
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omy. The frontal process contributes to the medial orbital rim, and bony deficiencies
in this area must be corrected to prevent eyelid malposition. Bone remnants or split
calvarial bone grafts may be placed primarily if there is adequate soft tissue cover-
age. In avulsive facial injuries, a soft tissue flap may be necessary to cover the free
bone grafts.

Hemipalatal defects are relatively common in handgun injuries and can be
obturated easily using a custom prosthesis. Smaller palatal defects (those that do
not extend past the midline) may be effectively closed using the temporalis muscle
flap or the buccinator musculomucosal flap (23). However, total palatal loss or sig-
nificant coronal anterior palatal losses will result in collapse of the midface and leave
little support for prostheses. An osseous free flap is required to provide an anchor for
a palatal prosthesis to close the oronasal fistula and to prevent velopharyngeal
incompetence in the case of associated soft palate injury. The cutaneous portion
of the osseus free flap may be used to close the oronasal defect that can potentially
avoid the need for prostheses. A palatal prosthesis is the best method available for
the prevention of velopharyngeal incompetence (VPI) in patients with significant
defects of the soft palate (Figs. 4,5).

Osseointegrated fixtures implanted into the adjacent intact alveolus or the
newly placed reconstructed bone are an excellent method to retain maxillary pros-
theses. Secondary placement of these fixtures is more accurate than primary place-
ment at the time of the initial reconstruction in terms of their three-dimensional
alignment. Primary placement is hampered by the fact that the configuration and
dimensions of the maxilla will change with healing and many of the osseointegrated

Figure 5 Larger arrow points to palatal prosthesis anchored to underlying fibular bone.
Smaller arrow indicates surface of fibula.
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implants primarily placed will become malpositioned. After 4 months, the wound
will have matured sufficiently for reliable placement.

RECONSTRUCTION OF THE MANDIBLE

The first attempts at bone replacement surgery date back to World War I using
bone–periosteal grafts from the mandible to span gaps and fill defects in other areas
of the mandible. This experience formed the basis of several subsequent develop-
ments in mandibular reconstruction, including the use of bone from distant sites,
most often the ilium, and the use of rigid metal trays and cancellous bone packing
(24). After World War II, the technique of mandibular reconstruction using cancel-
lous bone and absorbable trays was refined and is still widely used today (25). The
major drawback to this method is that there is a very high failure rate if the recipient
bed is ischemic or subject to salivary contamination. Therefore, nonvascularized
bone grafts must often be placed secondarily after one or more preliminary surgeries
for soft tissue coverage to seal the recipient site from saliva and provide a vascular-
ized bed for the bone graft. Placing the bone graft in this setting requires extensive
lysis of adhesions, scar release, and expansion of the soft tissue envelope. Scar release
is often inadequate, leaving a tight and distorted compartment for the bone graft.
Additional soft tissue may be required to cover and expand the recipient site ade-
quately to accommodate the bone graft, often leaving additional scars and contour
deformities. This was the prevailing method of reconstruction for patients under-
going segmental mandibular resections prior to the advent of microvascular bone
grafts. Microvascular bone grafts are successful and survive completely without bone
loss in more than 95% of cases despite ischemic tissue beds and gross salivary con-
tamination (Fig. 6). No preliminary surgery is necessary to prepare the recipient site
and, since the flap can be placed primarily, the problems of scarring and soft tissue
collapse are avoided. Primary replacement of segmental defects of the mandible
should be undertaken, especially in patients with intact overlying skin. Vascularized
bone restores a functional mandible, minimizes the chances of hardware exposure,
maintains the mandibular profile, and prevents soft tissue collapse. Secondary recon-
struction should be considered a compromise and reserved for patients who cannot
undergo or refuse primary surgical repair.

SECONDARY RECONSTRUCTION

The orbit and midface are the most difficult areas to reconstruct in the secondary
setting, primarily due to the effects of scarring. In contrast, the nose and auricle
are best left for secondary correction because of the difficulty in obtaining acceptable
results in the primary setting. Flaps and grafts must also be adapted for use in the
secondary setting. Minor contour deformities of the skull can be corrected with
onlay grafts, preferably from the calvaria. Newly available calcium phosphate
cement that sets to solid microporous hydroxyapatite may be very valuable in cor-
recting contour deficiencies of the face and skull. The material is applied directly
to bone and molded in its paste form (Figs. 7–9). It solidifies within minutes and over
a period of several months is progressively replaced by bone that is indistin-
guishable from the surrounding bone. Experimental evidence to date suggests that
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Figure 6 Example of the most commonly used microvascular bone graft: the fibular free

flap.

Figure 7 Endoscopic view of frontal bone defect after craniotomy; above the retractor is the
scalp. The arrow marks the defect with exposed dura.
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Figure 8 Hydroxyapatite cement as it is applied endoscopically over the defect shown in

Figure 7.

Figure 9 Repaired defect shows smooth contour with bone paste in place (arrow).
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the implant maintains its shape and does not undergo any resorption or loss of
volume (26).

SECONDARY ORBITAL RECONSTRUCTION

Secondary correction of post-traumatic enophthalmos and dystopia is difficult. Sev-
eral factors are often cited as responsible for globe malposition, including displaced
or missing periorbital bone, loss of orbital fat, and scar contracture. However, the
major factor responsible for post-traumatic enophthalmos and dystopia is a patho-
logical increase in dimensions of the bony orbit, most often because of a dislocated
zygomatic bone. A displaced and rotated zygomatic bone separates from its natural
articulations with the greater wing of the sphenoid and maxilla. This results in gap-
ing fissures along the floor and lateral wall of the orbit, and a substantial increase in
the volume of the orbital cavity. In addition, severe nasoethmoid complex injuries
often result in significant canthal distortion and malposition. Telecanthus and
canthal height distortions are equally difficult to correct, especially if significant
amounts of bone and soft tissue are missing.

Dystopia (excess or deficiency in the horizontal position of the globe) is easier
to correct than enophthalmos. Horizontal dystopia (inferior displacement) is correct-
able by subperiosteal augmentation of the anterior orbital floor, anterior to the axis
of the globe. This is a very effective method to produce superior movement of the
eyeball but does little to correct enophthalmos despite an overall decrease in orbital
volume.

To correct enophthalmos, the volume of the orbital cavity must be reduced
posterior to the axis of the globe. Refracturing and rearticulating the skeletal frame-
work, including the zygomatic bone, is effective in restoring the three-dimensional
anatomical features of both the external and internal structure of the bony orbit.
Complete exposure of the zygomatic bone is required using craniofacial techniques
to cut and free the bone and to re-establish the correct alignment. Through a cor-
onal flap, the zygomaticofrontal suture and zygomatic arch are fully exposed and
the fascial and muscular connections are released, including the masseter muscle.
Through a lower eyelid incision, the inferior orbital rim and orbital floor is exposed:
through an upper lip gingivobuccal incision, the zygomaticomaxillary articulation is
uncovered. Using a reciprocating saw, bony cuts are created that mimic those found
in a typical zygomatic complex fracture (i.e., zygomaticofrontal, zygomatic arch,
orbital rim, and zygomaticomaxillary). The zygomatic bone is freed and replaced
into its new position and rigidly fixated. Bone grafting then proceeds to close the
gaps and augment orbital volume, as needed. If autologous bone is used to augment
orbital volume, the globe should be made slightly exophthalmic (1–2mm) in antici-
pation of some absorption of the bone grafts over the ensuing several months; how-
ever, this is often difficult to achieve because of the extensive scarring present. The
grafts should be placed external to the intramuscular cone. Inadvertent placement
of grafts or postoperative displacement of grafts into the intramuscular cone can
result in severe dysfunction of the extraocular muscles or injury to the optic nerve
(27). To avoid this complication, careful dissection of the periorbita off the underly-
ing bone is necessary, creating safe pockets for the grafts. If the periorbita is
disrupted from previous trauma, the extraocular muscles may be visualized and
the grafts placed external to them.
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Inherent risks to secondary correction of enophthalmos include worsening
vision, diplopia, dystopia, and enophthalmos. Dramatic changes in vision may
occur, especially if the grafts are misplaced or there is retrobulbar hematoma. How-
ever, more subtle changes in Snellen acuity may occur from the pressure exerted by
the grafts on the posterior aspect of the globe, resulting in retinal folds and ischemia
(28). Diplopia may improve, but only to a limited degree because the majority of
patients have permanent cicatrical reductions in ocular motility. Enophthalmos
and dystopia can worsen postoperatively due to scarring or implant displacement
and absorption. However, the vast majority of patients experience at least a moder-
ate improvement in globe position that is long-lasting (27).

Lateral displacement of the medial canthus (telecanthus) can be corrected using
similar principles of skeletal rearrangement using a medial orbital osteotomy (29).
Creating bone cuts along the lines of fracture that are typical in nasoethmoid com-
plex fractures frees a segment of bone that includes the insertion point of the tendon.
Medial relocation of the bone into its normal anatomical position draws the tendon
and overlying soft tissue medially correcting the telecanthus. The bone is then rigidly
fixed to surrounding stable bone over the inferomedial forehead and maxilla, and
missing bone segments are replaced with autologous bone grafts.

SECONDARY USE OF FLAPS AND GRAFTS

The principles of secondary reconstruction of post-traumatic deformities using flaps
and grafts include the following:

1. Reconstruction of cutaneous defects should follow standard aesthetic
principles and defectsshould be altered in size, shape, and outline to
conform to the topographical unit principle.

2. Multiple revisions are usually necessary to achieve the optimal aesthetic
result.

3. Adjacent aesthetic units should be reconstructed with separate flaps, or the
flap should be tailored to conform to the unit principle.

4. The use of local tissues should be maximized, including through the use of
tissue expansion.

Although massive tissue losses often require the use of large composite flaps for
coverage, the topographical unit principle should still apply whenever possible.
Replacing soft tissue defects of the face with identically sized flaps or grafts often
produces an obviously patched area. There are definite regions in which skin differs
in color, texture, mobility, and thickness. The boundaries of these regions represent
the natural transition zones where incisions and flap or graft borders can escape
notice. Gonzalez-Ulloa et al. outlined the patterns of the shape of seven facial
regions on cadavers as templates for flaps and grafts (30) (Fig. 10).

Reconstructing an entire aesthetic unit allows the placement of incisions at the
unit borders so that scars, contractures, and depressions become less noticeable.
Even trapdoor scarring and bunching of the flap are less noticeable and may result
in a net aesthetic improvement in areas that are naturally bulbous (e.g., the nasal ala
or chin). The principle of removing the remaining portion of a topographical unit if a
large part of a unit is missing (e.g., > 50%) is as applicable in post-traumatic cases as
in patients who have undergone resection for treatment of cancer, provided the area
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Figure 10 Topographical units of the face.
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surrounding the unit is relatively normal and unaffected. The nose was considered a
single topographical (aesthetic) unit by Gonzalez-Ulloa et al.; however, it is useful to
subclassify the nose further into aesthetic subunits with borders that fall into natural
visual rifts created by subtle shadows, concavities, and convexities (31). The facial
regions (topographical units) and subunits do not necessarily correspond to the rest-
ing skin tension lines (RSTLs). If incisions are within a topographical unit, attention
to the RSTLs is important to maximize camouflage and to attain the thinnest scar
possible by following the natural skin tension lines. However, in most cases, the unit
principle will take precedence.

The reconstructive surgeon should also be familiar with the technique and
application of basic scar revision and lengthening procedures (e.g., Z-plasty, W-
plasty); the basic local flaps (e.g., rotation, rhombic); perinasal local flaps (e.g., mid-
forehead, cheek advancement); and the variety of flaps for local eyelid and lip recon-
struction (e.g., Karapandzic, Bernard-Burow). Regional (off the face) flaps may also
be considered for facial reconstruction, but they are often aesthetically unacceptable.
The shortcomings of regional flaps include less flap selection, bulkiness, poor relia-
bility of composite tissues, persistent problems with marginal necrosis, secondary
contour irregularities from the pedicle, and sagging. However, the galeal frontalis
and temporoparietal fascia flaps are commonly used for post-traumatic facial
defects. These flaps can be useful for reconstruction of anterior skull base injuries
and traumatic ear defects, respectively (Figs. 11,12).

Although local tissues are preferred, distant tissue may be required because of
lack of adequate tissue bulk or quality available for transfer. Distant tissue (micro-

Figure 11 Pericranial–galeal flap harvested from turned down coronal flap.
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vascular autografts) is available to fulfill the needs of a variety of complicated cervi-
cofacial defects, yet they often cannot provide aesthetically acceptable skin and soft
tissue bulk. The most common microvascular flaps for posttraumatic cervicofacial
reconstruction include the radial forearm, fibular osteocutaneous, scapular osteocu-
taneous, and rectus abdominus.

Prolonged tissue expansion is a useful method for scalp reconstruction and is
the method of choice for this purpose in most circumstances. It can also be useful
to camouflage the cutaneous component of composite tissue flaps. Skin from com-
posite tissue flaps is often a poor match to facial or neck skin in texture and color.
Tissue expansion allows adjacent cervicofacial skin to be advanced over a composite
flap after its skin is removed (de-epithelialized). In addition, cutaneous scarring from
the original insetting of the composite flap can be eliminated by advancing adjacent
expanded skin. The disadvantages to prolonged tissue expansion include the require-
ment for at least two separate procedures; expansion takes several weeks; and the
expander balloon creates a significant temporary cosmetic deformity. When expand-
ing the forehead skin, the expander is placed submuscularly (subgaleally) and is
expanded over an 8–10week period. Expander placement is usually in the subcuta-
neous plane in the face, under the platysma for neck expansion (avoiding placement
over vital vascular structures), and under the galea for scalp expansion. Contraindi-
cations to prolonged tissue expansion include prior irradiation, patients with major
psychiatric illness, and patients who may be poorly compliant. Prior irradiation
increases the risk of expander exposure, but it is not an absolute contraindication
if the expander is used with caution (32). Within the head and neck, the scalp is asso-

Figure 12 Pericranial–galeal flap inset under frontal lobe. Large arrow, flap; small arrow,

coronal flap; curved arrow, hemostatic dressing placed over frontal lobe dura.
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ciated with the lowest complication rate. Complications, most commonly implant
exposure, occur in fewer than 10–30% of patients (33). The most common complica-
tions are implant or filling port exposure, implant infection, overlying skin ischemia,
hematoma, and bone absorption under the expander balloon. Bone absorption in
patients undergoing scalp expansion is rare. A patient recently undergoing tissue

Figure 13 Traumatic hemicoronal scalp and total auricular defect.
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expansion for a large scalp defect found that she was pregnant just prior to the
planned expander removal and scalp rotation. The expander was left in place for
an additional 10 months with no evidence of underlying bone erosion documented
by routine skull films and on inspection at reoperation.

Figure 14 Medpor (Porex Surgical Inc. College Park, GA) ear form about to be
subcutaneously transplanted into area encompassed by radial forearm flap.

Figure 15 Several months after ear form implantation, radial forearm flap is transferred to

the scalp; vascular pedicle is seen draped inferiorly. Note harvest of additional tissue skin
tissue posterior to ear form to fill in postauricular hairless area.
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RECONSTRUCTION OF THE AURICLE AND NOSE

It is particularly difficult to achieve acceptable results in primary reconstruction of
total or subtotal auricular and nasal defects. Attempts to address these areas during
the initial phases of reconstruction often result in poor results and wasted effort.
Primary reconstruction should focus on providing a platform for osseointegrated
prostheses or autogenous composite tissues. The patient is often not satisfied with
the retention and feel of a nasal or pinna prosthesis. However, the use of a temporary
prosthesis should be encouraged initially to allow time for planning definitive recon-
struction.

Aesthetic restoration of the nose after total rhinectomy is described using the
radial forearm free flap. The skin of the flap is interiorized and the raw surface skin
grafted. At a second stage, the skin graft is removed and supporting framework is
placed under a midline forehead flap. Several minor revisions are usually necessary,
and the free tissue only acts as an inner lining. Aggressive thinning of the free flap is
necessary to maintain the nasal airway.

Off-the-face flap prefabrication using autogenous or synthetic forms for struc-
tural support is a useful and appealing alternative for many patients. Subcutaneous
implantation of bone, cartilage, or synthetic materials into the tissues encompassed
by a microvascular free flap allows the prefabrication of a nose or ear in a less con-
spicuous area than the face. The area encompassed by the radial forearm free flap
site is ideal because it offers a thin, pliable, tissue base that can be easily molded
by structural elements implanted subcutaneously. Several stages may be necessary
to achieve an acceptable form, but the site can be hidden under a shirtsleeve and each
stage can be done under local anesthesia comfortably. Once the composite tissues
appear to match the requirements for the recipient site, the flap is transferred using
standard microvascular techniques (Figs. 13–15).

REFERENCES

1. Nakhgevany KB, LiBassi M, Esposito B. Facial trauma in motor vehicle accidents:
etiological factors. Am J Emerg Med 1994; 12:160–163.

2. Bradbury A, Robertson C. Prospective audit of the pattern, severity and circumstances
of injury sustained by vehicle occupants as a result of road traffic accidents. Arch Emerg

Med 1993; 10:15–23.
3. Worrall SF. Mechanisms, pattern and treatment costs of maxillofacial injuries. Injury

1991; 22:25–28.

4. Reath DB, Kirby J, Lynch M, Maull KI. Patterns of maxillofacial injuries in restrained
and unrestrained motor vehicle crash victims. J Trauma 1989; 29:806–809.

5. Jordan KS. Air bags: a major advance in injury control. Orthop Nurs 1999; 18:37–41.

6. Peters CE, Sebourn CL, Crowder HL. Wound ballistics of unstable projectiles. Part I:
projectile yaw growth and retardation. J Trauma 1996; 40:S10–S15.

7. Zide MF, Epker BN. Short-range shotgun wounds to the face. J Oral Surg 1979; 37:
319–330.

8. Clark N, Birely B, Manson PN, et al. High-energy ballistic and avulsive facial injuries:
classification, patterns, and an algorithm for primary reconstruction. Plast Reconstr
Surg 1996; 98:583–601.

9. Zhou S, Lei D, Liu Y, Tan Y, Gu X. Experimental study on firearm wound in
maxillofacial region. Chin Med J (Engl.) 1998; 111:114–117.

702 Dolan



10. Cohen MA, Shakenovsky BN, Smith I. Low velocity hand-gun injuries of the
maxillofacial region. J Maxillofac Surg 1986; 14:26–33.

11. Lalani Z, Bonanthaya KM. Cervical spine injury in maxillofacial trauma. Br J Oral

Maxillofac Surg 1997; 35:243–245.
12. Stoker NG, Mankovich NJ, Valentino D. Stereolithographic models for surgical

planning: preliminary report. J Oral Maxillofac Surg. 1992; 50:466–471.

13. Dahlgren B, Berlin R, Janzon B, et al. The extent of muscle tissue damage following
missile trauma one, six and twelve hours after the infliction of trauma, studied by the
current method of debridement. Acta Chir Scand Suppl 1979; 489:137–144.

14. Hallock GG. Microsurgical repair of the parotid duct. Microsurgery 1992; 13:243–246.
15. Lewis G, Knottenbelt JD. Parotid duct injury: is immediate surgical repair necessary?

Injury 1991; 22:407–409.

16. Rao NA, Wong VG. Aetiology of sympathetic ophthalmitis. Trans Ophthalmol. oc U.K.
1981; 101 (Pt 3):357–360.

17. Hebestreit H, Huppertz HI, Sold JE, Dammrich J. Steroid-pulse therapy may suppress
inflammation in severe sympathetic ophthalmia. J Pediatr Ophthalmol Strabismus 1997;

34:124–126.
18. de Chalain TM. Exploring the use of the medicinal leech: a clinical risk-benefit analysis.

J Reconstr Microsurg 1996; 12:165–171.

19. Utley DS, Koch RJ, Goode RL. The failing flap in facial plastic and reconstructive
surgery: role of the medicinal leech. Laryngoscope 1998; 108:1129–1135.

20. Baker SP, O’Neill B, Haddon W, Jr., Long WB. The injury severity score: a method for

describing patients with multiple injuries and evaluating emergency care. J Trauma 1974;
14:187–196.

21. Vasconez HC, Shockley ME, Luce EA. High-energy gunshot wounds to the face. Ann
Plast Surg 1996; 36:18–25.

22. Antonyshyn O, Gruss JS. Complex orbital trauma: the role of rigid fixation and primary
bone grafting. Adv Ophthalmic Plast Reconstr Surg. 1987; 7:61–92.

23. Licameli GR, Dolan R. Buccinator musculomucosal flap: applications in intraoral

reconstruction. Arch Otolaryngol Head Neck Surg 1998; 124:69–72.
24. Donelan MB. Reconstruction of electrical burns of the oral commissure with a ventral

tongue flap. Plast Reconstr Surg 1995; 95:1155–1164.

25. Jacob OJ. Reconstruction of total loss of upper lip with hair-bearing flaps. Aust NZ
J Surg 1995; 65:251–253.

26. Shindo ML, Costantino PD, Friedman CD, Chow LC. Facial skeletal augmentation

using hydroxyapatite cement. Arch Otolaryngol Head Neck Surg 1993; 119:185–190.
27. Marin PC, Love T, Carpenter R, Iliff NT, Manson PN. Complications of orbital

reconstruction: misplacement of bone grafts within the intramuscular cone. Plast
Reconstr Surg 1998; 101:1323–1327.

28. Iliff N, Manson PN, Katz J, Rever L, Yaremchuk M. Mechanisms of extraocular muscle
injury in orbital fractures. Plast Reconstr Surg 1999; 103:787–799.

29. Cohen SR, Kawamoto HK Jr. Analysis and results of treatment of established

posttraumatic facial deformities. Plast Reconstr Surg 1992; 90:574–584.
30. Gonzales-Ulloa M. Preliminary study of the total restoration of the facial skin. Plast

Reconstr Surg 1954; 13:151.

31. Burget GC, Menick FJ. The subunit principle in nasal reconstruction. Plast Reconstr
Surg 1985; 76:239–247.

32. Swenson RW. Tissue Expansion. In: Papel ID, Nachlas NE, eds. Facial Plastic and

Reconstructive Surger. St. Louis: Mosby, 1992:56–67.
33. Antonyshyn O, Gruss JS, Zuker R, Mackinnon SE. Tissue expansion in head and neck

reconstruction. Plast Reconstr Surg 1988; 82:58–68.

Massive Traumatic Tissue Loss 703





19
Laceration and Scar Revision
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Revision of facial scars presents a significant diagnostic and technical challenge to
the facial plastic and reconstructive surgeon. Being more difficult to conceal, facial
scars are often more stress-provoking than scars on other areas of the body. Appro-
priate planning and technical skills are essential to achieving a result that is both
functionally and cosmetically advantageous for the patient. Following injury and
primary repair, the wound healing process leads to scar formation that is influenced
by many variables. The nature and extent of the initial injury are of paramount
importance in determining the ultimate need for scar revision. Scar revision should
not be considered until the patient has recovered from the emotional trauma and
anger associated with the facial injury, and until the injury has matured past the
stage of acute inflammation. This period of time must be tailored to the individual
patient, and is generally in the range of 6 weeks to 6 months. A thorough under-
standing of the factors that influence undesirable scars is necessary for a successful
outcome.

EVALUATION

The human eye regards features on the face by scanning the components and noti-
cing anything that appears outside the norm of expected facial anatomy. Creases
and lines are normal on the face as long as they conform to what the viewer’s eye
perceives as compatible with past experience of observing facial features. The fact
that a scar exists is not an indication for revision. Only when a scar deviates from
what one expects to see on a face does it become noticeable, and thus a candidate
for improvement. Any of the techniques used for scar revision are not designed to
eliminate or erase the scar, but to make it more compatible with what appears to
the viewer’s eye as a normal feature. If the surgeon keeps this in mind when designing

705



the most appropriate approach, and communicates this effectively to the patient,
everyone involved in the process will be more satisfied with the final result.

With careful planning, scar tissue produced by scar revision surgery can be
minimized. The surgeon’s judgement and attention to detail are critical in scar
revision. There is no incision that will not produce a scar, therefore, it is impor-
tant that the surgeon be thoroughly familiar with the factors that lead to favor-
able scars. A thorough understanding of the significance of relaxed skin tension
lines and aesthetic units and subunits of the face is essential in evaluating scars
for revision.

Relaxed Skin Tension Lines and Facial Subunits

Relaxed skin tension lines (RSTL) of the face are shown in Figure 1. Lacerations and
elective incisions placed precisely within or close to the RSTL have minimal tension,
and will heal in a fine line with less visibility when closed appropriately. The exact
location of the RSTL varies between individuals. In older patients these lines parallel
the natural creases and wrinkles of the face. The general rule is that the RSTL lie
perpendicular to the underlying facial musculature, and in the neck they are found
perpendicular to areas of flexion. The RSTL run horizontally across the forehead,
where the frontalis muscle is directed vertically. They are directed in a curved fashion
over the cheeks, and radiate outward from the oral cavity over the lips due to the

Figure 1 Relaxed skin tension lines of the face. A. Marginal. B. Palpebral. C. Nasolabial.
D. Median.
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circular orbicularis oris muscle. An exception to this rule is the central eyelids, where
the RSTL run horizontal, and are nearly parallel to the underlying muscle fibers of
the orbicularis oculi. By asking the patient to go through a series of facial expres-
sions (smile, frown, laugh, squint), while in the upright and sitting position, prior
to the injection of local anesthesia, one can usually identify the RSTL. The RSTL
are often identifiable in children with enough patience and close examination. Scars
that do not follow the RSTL closely are antitension line (ATL) scars (1).

Aesthetic Units and Subunits

Facial aesthetic units are comprised of the forehead, eyes, nose, lips, and chin. These
esthetic units can be further classified into subunits based on skin thickness, color,
elasticity, and underlying structural support. Incisions are best placed at the junc-
tions of these units, subunits, or in the midline of the face for least perceptible
scars (2).

Unsightly or functionally significant facial scars can be evaluated for revision
by the following six parameters: length, width, elevation or depression in relation to
the surrounding skin, color, direction, and distortion of facial landmarks. These
characteristics of scars are very interdependent and must be considered collectively
before a decision regarding scar improvement can be made.

SCAR CHARACTERISTICS

Any scar longer than 2.0 cm has the potential to be unsightly. A long, relatively
straight scar is conspicuous because, as the eye perceives a part of this line, it natu-
rally follows it throughout its length. In the absence of other characteristics of unfa-
vorable scars such as ATL scars, those less than 2 cm will generally not benefit
significantly from revision. Even longer but thin scars, if they parallel the RSTL,
may not need revision because they may appear as normal facial creases. Scars wider
than 1–2mm resulting from inadequate closure or from ATL scars are frequently
candidates for improvement.

Elevation or depression of the scar in relation to the surrounding skin is often
seen in scars that were not repaired primarily, in stellate scars, or when the edges of
a laceration were inadequately approximated. Abrasion scars frequently result in
significant unevenness of the skin surface.

Color is an important consideration. Scars may be red when they are imma-
ture, whiter than the surrounding skin when fully mature, or tattooed from debris
at the time of the original injury. Erythematous scars in the early stages of matura-
tion are not usually good candidates for revision unless the redness is narrowly con-
fined to the scar. In the absence of other factors that will ultimately demand scar
revision, allowing the red scar to mature may lessen the need for revision. White
scars are often perplexing because that may be the only disturbing characteristic
of the scar; it is highly likely that any revision will ultimately produce a similar white
scar. Tattooing of these scars to approximate the normal surrounding skin color may
be the best solution. Tattooed scars from the original injury are best treated at the
time of original repair. When significant discoloration from debris is present in
the mature scar, it is always unsightly and usually a candidate for revision.
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Scars may significantly distort facial landmarks. If structures such as the eyelid,
eyebrow, lip, or nose are distorted from the scar, it is likely that revision will be
needed since these changes are often the most disfiguring injuries on the face.

LINEAR SCAR REVISION TECHNIQUES

When considering options for scar revision, it is important to examine the area clo-
sely for skin thickness, elasticity, texture, hair growth, and RSTL. A fine-tip surgical
marking pen is invaluable in the initial planning stages. Ideas should be drawn, mea-
sured, and remeasured before the skin is incised. If it is then decided that there is a
better option, the marks can be easily erased and the patient has suffered no harm.

Tension at the wound edges is an important variable in wound healing. Exces-
sive tension can cause tissue slough due to compromised blood flow to the margins
of the flap, it can distort surrounding local and regional landmarks, and may result
in hypertrophic and widened scars.

The tensile strength of a mature scar is 80% of normal skin. A long-lasting
absorbable or permanent subcutaneous suture closure is imperative to relieve tension
over time and prevent scar widening during healing (2).

The workhorse techniques for linear scar revision are the fusiform, Z-plasty, W-
plasty, and geometric broken line (GBL). These can be used alone or in any combi-
nation to achieve a more cosmetic or functional scar. The choice of revision depends
on evaluation of the scar using the six scar characteristics discussed previously.

Fusiform Scar Revision

The simplest technique used for scar revision is the fusiform scar revision (FSR).
The scar is excised within a fusiform shape that is widest at its center and tapered
at each end to 30 degree angles or less. A 3:1 length=width ratio in a fusiform
shape will best produce a closure without leaving a standing cone deformity,
often called a dog ear, at either end. (Fig. 2a,b). The scar is excised and closed
in a line parallel to the RSTL, a skin crease, or a natural anatomical boundary
line. This technique is useful for small, round, stellate or elliptic scars that are
widened and when the closure comfortably lies in a facial crease or RSTL. The
de-epithialized scar bed is often left intact to lessen postoperative depression of
the revised scar. FSR is the technique of choice whenever the final scar will lie
in the RSTL.

A fusiform incision can be shortened at its ends using an M-plasty, which pre-
serves skin at the tapered end of the fusiform by creating two smaller angles of clo-
sure. The M-plasty design shortens the scar length along its central axis. It is most
useful when the end of a fusiform incision encroaches on a landmark structure such
as the lateral canthus, or when the fusiform design results in an excessively long lin-
ear scar (Fig. 2c,d).

Z-plasty Scar Revision

The Z-plasty technique consists of two triangle flaps designed in the shape of a Z, or
a reversed Z, that are undermined, raised, and transposed into each other’s bed.
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In the head and neck, Z-plasties are typically used to lengthen a contracted or
webbed scar, level a severely depressed scar, realign distorted anatomical landmarks,
or break up a scar into multiple shorter segments.

The Z-plasty has three arms of equal length (unlike an actual letter Z, which
has a long diagonal and two shorter limbs) and two equal angles. The scar being
revised is usually the diagonal and is often excised in a fusiform fashion. The periph-
eral arms are parallel when the angles of divergence from the diagonal are equal. The
peripheral limbs should lie as close as possible to the RSTL: this will facilitate the
most tension-free closure and least perceptible scar. The Z-plasty is incised along
the three arms and then undermined in all directions to allow easy transposition
and a tension-free closure. When these flaps are undermined and transposed, there
is an increase in length in the direction of the original central arm. The ideal angle
of divergence from the diagonal is 60 degrees: this will give the best balance between
gain in length along the direction of the central arm without causing distortion, or a
standing cone deformity, at the ends. The 60 degree Z-plasty rotates the central arm
90 degrees and is the only design that results in right-angle rotation (Fig. 3). The
angle of divergence from the diagonal can vary from 30 to 75 degrees, with the gain
in length along the direction of the central limb proportional to the increase in
degrees. Less than 30 degrees can risk flap viability and greater than 75 degrees leads
to standing cone deformities. A 30 degree Z-plasty will increase the scar length 25%,
a 45 degree angle 50%, and a 60 degree angle 75% (Fig. 4). Gain in length, however,
is dependent on the amount of tissue available laterally, and whether it has normal
elasticity or is also involved with scar.

In the Z-plasty revision of a scar that is ATL, the orientation of the peripheral
limbs is of utmost importance. There are two choices in any Z-plasty, and they are
mirror images of each other. The correct design is the one in which the peripheral
arms of the Z-plasty are as close to parallel to the RSTL as possible. With scars
nearly parallel to the ATL, it is often not possible to align the limbs parallel to
the RSTL, but they should come as close as possible with the limbs in the range
of 60 degrees from the scar. The ideal length of the limbs for a Z-plasty in the head
and neck area is 1.5 cm, but they can be slightly smaller or considerably larger
depending on the circumstances.

One of the most frequent indications for the Z-plasty scar revision is a
webbed scar spanning a concave area such as the neck (Fig. 5). A long scar can

Figure 2 A. Fusiform excision of a circular lesion. B. Closure of the fusiform defect in

Figure 2A. C. Excision of a cirular lesion utilizing bilateral M-plasty excisions. D. Closure of
the excision in Figure 2C. E. W-plasty excision of an elongated oval lesion, also utilizing
bilateral M-plasty excisions. F. Closure of excision in Figure 2E. Note that none of the lines

should lie perpendicular to the RSTL.
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be divided into a number of segments, and within each segment a Z is designed
(Fig. 6). Multiple Z-plasties are frequently used to diffuse the tension on the clo-
sure, cause less lateral distortion, and result in a less conspicuous scar due to
the smaller limbs used. The leveling effect of multiple scars with tension directed

Figure 3 A 60 degree angle Z-plasty.

Figure 4 The larger the Z-plasty angle, the greater the increase in scar length.
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Figure 5 A, B. Preoperative burn scar contractures and redundant skin of the neck with

webbing. C. Superior and inferior horizontal fusiform excisions, central vertical fusiform
excision of redundant skin, and Z-plasty in the midportion of the vertical segment to break up
and lengthen the scar. D, E. Result 9 months after surgery. Lengthening of the scar resulting

from the Z-plasty prevented recurrence of the webbing.
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in multiple vectors also makes the Z-plasty especially useful for severely depressed
ATL scars (Fig. 7).

The Z-plasty technique is uniquely suited for the realignment of distorted ana-
tomical areas, such as scars crossing the melolabial fold (Fig. 8), the corner of the
mouth, the lip or the eyelids. It is necessary to orient the limbs of the Z-plasty so that
the maximal gain in length is in the appropriate direction.

Variations of the classic Z-plasty include curvilinear rather than straight arms.
This changes the Z to an S. Transposition and advancement occur in both. The S-
plasty modification has been found advantageous for larger flaps over loose subcu-
taneous tissues, such as the anterior neck (3).

W- plasty Scar Revision

The W-plasty is a zigzag excision of scars closed by advancement without rotation
of tissue to produce a less apparent scar. First described by Borges in 1959 (4) for
the correction of straight or curved ATL scars, the running W-plasty consists of a
series of side-by-side triangular flaps cut along each side of the scar in such a way
that the tips on one side are aligned with the recipient defect on the other side (Fig.
2e,f). The resultant zigzag scar breaks up the linear appearance of the scar into
small segments that are more closely aligned to the RSTL with a blending effect
in relation to the surrounding tissue. When used on the face, the limbs of the tri-
angles should be 6mm or less; the angles of the limbs to the scar edge ideally

Figure 5 (Continued)
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should be in the range of 50–60 degrees and oriented as close as possible to the
RSTL. Wide angles tend to lessen the accordion effect, resulting in reduced elasti-
city; narrow angles make the revision more technically difficult and have the poten-
tial to compromise the blood supply to the tips of the flaps. To avoid a regular or
repeating pattern, it is desirable to vary the width, angles, and length of the trian-
gles when possible. In spite of the inevitable regularity that comes with the running
W-plasty scar revision, it is an excellent technique for camouflaging linear ATL
scars on the forehead, cheek, and chin areas, and is frequently used in conjunction
with fusiform or Z-plasty techniques (Fig. 9). The amount of scar tissue excised in
a W-plastic scar revision is roughly comparable to that of a fusiform excision.

Attention to technical details is essential in achieving a good result with W-
plasty scar revisions. Each incision should be marked as close to the scar being
excised as possible to minimize the amount of normal tissue excised. It is easiest
to begin centrally, marking each incision first on one side of the scar and its coun-
terpart on the other side of the scar, so that the correct number and size of the
triangles are created. The size of the individual triangles can vary in size and
should diminish slightly toward the ends. Each end is completed with a small tri-
angle to eliminate a standing cone deformity. Incisions are best made with a no. 11
blade sequentially from side to side to ensure matching triangles and to stabilize
the tissues. It is desirable to leave the scar bed in place to efface the wound when
closed and to undermine the edges sufficiently to allow as tension-free closure as
possible. Closure is facilitated by placing a sub-dermal monofilament suture from

Figure 6 Multiple Z-plasty. A. A long scar is divided into segments. The peripheral arms of
the Z-plasty lie parallel to the RSTL of the region. B. Z-plasty flaps are transposed for an
overall lengthening and release of scar contracture.
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end to end through the midportion to each triangle for stabilization and approxi-
mation of the skin edges.

W-plasty scar revision is a powerful technique with many variations and nuan-
ces (1). It is indicated for scars that are 30–90 degree ATL and is especially helpful on
the forehead, chin, and cheek areas. The W-plasty technique is contraindicated in
scars less than 30 degrees ATL. These are more appropriately improved with a
Z-plasty or fusiform scar revision.

Geometric Broken Line Closure

Combinations of triangular, square, crescentic, and rectangular interposed skin flaps
on the edges of the advancement flaps have been termed geometric broken line clo-
sure. The GBL is more time-consuming in both planning and performing the scar
revision than with the Z-plasty or the running W-plasty. Its proponents claim that
the deliberate random shapes makes the line less easily perceived than the more pre-
dictable running W-plasty. In general, the rectangular and square segments produce
a superior cosmetic result when kept small and as parallel to the RSTL as possible

Figure 7 (Continued)
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(Fig. 10). The crescent-shaped components can result in small trap door scars and
should be kept to a minimum in the design of the GBL closure. For facial scar revi-
sions, no segment should be longer than 6mm (5). As with the running W-plasty, to
be aesthetically superior the resultant scar must be narrow, flush with the surround-
ing surfaces in movement and at rest, and should have components running in direc-
tions favorable to the RSTL when possible. Like the W-plasty technique, the GBL is
contraindicated is scars less than 30 degrees ATL. These are best treated with fusi-
form or Z-plasty revisions.

Summary of linear scar revision techniques

When evaluating a linear scar for improvement, knowing when to use the various
techniques is crucial in achieving the best result possible. In general, with scars less
than 30 degrees ATL, a fusiform excision will produce the best result because the
scar can be converted to lie in the RSTL. The limiting factor is the ultimate length
of the final scar. If a fusiform revision of a less than 30 degree ATL scar will result in
an excessively long scar that will be readily visible, breaking it up in one or more
areas with a small Z-plasty will improve its appearance. Scars 70–90 degrees ATL

Figure 8 A. Facial scar lying oblique to the nasolabial line. B. Peripheral arms of the Z are

drawn. The central arm of the Z is the scar to be excised. Angles of the Z-plasty are marked
with a triangle and a circle to assist in identifying the transposition of the triangular Z-plasty
flaps to their final placement seen in Figure 4C. C. The Z-plasty flaps are elevated and
undermined for ease of rotation and transposition. The central arm of the Z now lies parallel

to the nasolabial line.
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Figure 9 Forehead. A. Appearance 3 months after emergency room repair of forehead
laceration. The resultant scar is approximately 60 degrees ATL. B. Outline of scar revision
with a W-plasty technique. C. Nine years after scar revision.
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are most frequently amenable to running W-plasty or GBL revisions, especially on
the forehead and cheek. Scars that lie 30–70 degrees ATL will benefit from Z-plasty,
running W-plasty, or GBL revision. A combination of two or three of these techni-
ques is often used on different aspects of the same scar, depending on the relation of
the various segments to the RSTL (Fig. 10). Breaking scars into components relative
to the RSTL is the most useful approach to evaluating linear scars.

SERIAL SCAR EXCISION

Serial scar excision (SSE) may be used to remove full- or partial-thickness skin
grafts, burns, congenital lesions (Fig. 11), and very wide scars. The undesirable scar
or lesion can be gradually excised and the final scar line placed in a RSTL, or at a
junction between facial aesthetic subunits. The success of SSE is achieved by placing
a continuous stretch on the tissues. This is supplied by each successive excision creat-
ing, in effect, a tissue expansion of the surrounding normal skin. Caution is advised
when excising previously grafted skin: underlying structures such as the facial nerve,
parotid duct, and significant blood vessels may be located more superficially because
the normal surrounding subcutaneous tissues may be missing.

SSE should begin by determining where the final scar is to lie in relation to the
RSTL. Whenever possible, each stage of the excision should lie within the confines of
the scar, with the last excision or two encompassing the normal edges and any extra
tissue necessary to allow the scar to follow the RSTL. Depending on the size of the
scar, three, four, or more sessions may be needed to excise the scar completely and
orient the final scar in the RSTL. It is important to undermine the tissue sufficiently

Figure 9 (Continued)
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in all directions to allow a closure as free of tension as possible. Widening of the scar
between sessions is often encountered, but if the final stages are designed and exe-
cuted with as tension-free closure as possible, the ultimate scar can be relatively
inconspicuous. Appropriate time between sessions can vary, but 3 months is prob-
ably the minimum. With extremely large scars or grafts, some distortion of the sur-
rounding landmarks may occur with a complete SSE, but this will gradually improve
over time and rarely will require compensatory procedures.

TISSUE EXPANDERS

Tissue expansion is indicated for revision or excision of a scar that cannot be readily
reconstructed by a local or regional flap, or can only be done at the cost of signi-
ficant donor or recipient site deformity. Most commonly, tissue expansion is utilized
in the scalp and forehead for scar revision, but large area scars in any location may
benefit. The scalp is especially inelastic and does not readily allow for primary or

Figure 10 (Continued)
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local flap closure of large defects, making tissue expansion ideally suited for scalp
defects (Fig. 12). Tissue expansion allows for replacement of scar tissue with tissue
from neighboring areas that is of similar color, texture, adnexal structures, and
innervation.

Tissue expanders are Silastic balloons with self-sealing valves or reservoirs that
are completely implanted beneath the skin. They come in different shapes and sizes,
and can be custom-made to fit the very irregular defect. Regardless of the type of
expander selected, it must be of sufficient size to provide the required expansive
forces necessary to gain tissue needed for reconstruction. With rectangular or cres-
centic expanders, the surface area of the expander needs to be 2.5 times that of
the scar to be replaced. With circular expanders, the diameter of the base needs to
be 2.5 times that of the scar (6). Expanders should be located in positions that take
advantage of simple advancement, rotation, or transposition flaps. The placement of
the expander in relation to the scar is crucial: expansion on the adjacent normal tis-
sue is the goal, not expansion of the scar. Areas of scarring, atrophy, or prior radia-
tion therapy should be avoided due to increased rate of surface necrosis and tissue
breakdown leading to exposure of the expander (7). The expander must be of suffi-
cient volume that the apical circumference of the dome of the skin overlying the fully

Figure 11 (Continued)
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Figure 12 Scalp expansion. A. Traumatic alopecia secondary to scalding. B. Result

following placement of a rectangular tissue expander posterior to the defect and subsequent
closure with an advancement flap of expanded scalp.
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inflated expander is two to three times the width of the defect. This will allow cover-
age by the expanded skin of both the defect and the donor site (8). This generally
takes 6–8 weeks for the skin of the forehead and neck, and sometimes up to 12 weeks
for the scalp.

Biomechanical properties of controlled expansion of the skin result in the crea-
tion of additional new epidermal skin, with thinning of the dermis and subcutaneous
tissues. Hair follicle morphology and number remain the same, which is important
for use of expanders in scalp expansion (9). Tissue expansion stimulates proliferation
of blood vessels; it has been demonstrated that flaps raised in expanded tissue have a
117% increase in survival length over acutely raised random-pattern flaps (10). The
gradual stretching of skin over an expanding subcutaneous mass is known as biolo-
gical creep. Placing a Silastic balloon and going through a series of inflations and
deflations to stretch the skin and soft tissues can be performed as acute intraopera-
tive tissue expansion. This can be very useful when less tension on the wound edges
during closure is needed. This ability of the skin to stretch beyond its inherent exten-
sibility is called mechanical creep. The effects of mechanical creep are due to the rela-
tive dehydration of tissue by displacement of fluids, parallel alignment of the random
positions of collagen fibers, microfragmentation of elastic fibers, and the migration
of tissue into the field by stretching force (11).

The major advantages of tissue expansion for large area scar revisions over dis-
tant or free flaps are that the local increase of tissue includes the preservation of sen-
sation, vascularity, and adnexal structures. These features are especially important in
the head and neck for both functional and cosmetic reasons. Disadvantages include
the necessity of two operative procedures and the need for frequent inflations of the
expander. A temporary visible deformity occurs as the expander reaches its fully
inflated state, which may be objectionable to a patient who must continue to work
in a job that requires interacting with the public.

Complications of tissue expanders include but are not limited to infection,
implant exposure, implant failure, pain, bony erosion beneath the implant, and psy-
chological stress for the patient as expansion progresses.

ADJUNCTIVE TECHNIQUES

Shave excision (Dermaplaning)

Dermaplaning is used to shave down any portions of a mature scar that continue to
be elevated from the surrounding tissue. This will flatten the irregular scar and make
it level with the remaining scar. Dermaplaning can be performed with a scalpel or a
single hand-held razor blade; alone or as a valuable adjunct to dermabrasion or laser
resurfacing preparatory to removal of the high spots before a more generalized res-
urfacing is undertaken.

Resurfacing Techniques

Dermabrasion and laser resurfacing are the most commonly used techniques for
smoothing irregular scar surfaces. Resurfacing procedures can be used to level high
areas within the scar or to blend depressed scars with the surrounding normal tis-
sues. Dermabrasion is the time-honored technique that mechanically removes the
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epidermis and a portion of the superficial dermis with a wire brush or a diamond
fraize (11). More recently, CO2 laser resurfacing has frequently been employed to
accomplish the same end by vaporizing the epidermis and upper dermis and creating
thermal injury (12). Both techniques result in a smoother scar that blends into the
surrounding normal tissue, making the scar less conspicuous. Scars with large, irre-
gular surface area, as seen with abrasion injuries and those with tattoos from debris
left in the wound from the primary repair, are treated with resurfacing techniques. If
the area to be treated is large, it is desirable to resurface at least the entire facial
esthetic unit and often the entire face to blend the final color and texture. Both
of these techniques have the potential to cause permanent hypopigmentation if
the deeper layers of the dermis are reached. Postinflammatory hyperpigmentation
occurs in about 15% (personal communication, LaFerriere, 1999) to 37% of the
time and is responsive to topical treatment with bleaching agents such as hydroqui-
nones and kojic acid (17). Dermabrasion and CO2 laser resurfacing should not be
utilized in the lower two-thirds of the neck because fewer adnexal structures are pre-
sent and scarring is likely. Caution should also be exercised over the jaw line and
upper neck.

Augmentation of Depressed Scars

Depressed scars are often amenable to improvement with subcutaneous or intrader-
mal materials. Injectable medical-grade silicone was once used for the permanent
augmentation of depressed scars, but the U.S. Food and Drug Administration with-
drew its approval for its clinical use because of intracutaneous granuloma formation;
its use is currently illegal in the United States. Bovine collagen (Zyderm, Zyplast,
Collagen Biomedical, Palo Alto, CA), autologous dermal collagen (Autologen, Col-
lagenesis Corporation, Beverley, MA), and various other injectable substances have
been developed for the augmentation of depressed scars but have the disadvantage of
being temporary. Fat transplant efficacy for the treatment of facial contour defects
remains uncertain (13,14). Autogenous dermal–fat grafts and acellular dermal grafts
(AlloDerm, LifeCell Corporation, The Woodlands, TX) may result in a long-lasting
improvement in the depressed scar, require implantation rather than injection, and
are more technically difficult to use. Expanded polytetrafluorethylene (e-PTFE)
(Gore-Tex, W.L. Gore & Associates, Flagstaff, AZ) is a permanent augmentation
material with use in improving subcutaneous deficits of varying size (15). Gore-
Tex subcutaneous augmentation material (SAM) is frequently used for facial aug-
mentation purposes, but is of little value in depressed cutaneous scars.

HYPERTROPHIC AND KELOID SCARS

Hypertrophy of surgical and posttraumatic scars occurs most frequently when the
wounds were closed under tension or are ATL scars that, by nature of their direc-
tion, are subject to increased tension on the wound edges. Hypertrophied scars are
characterized by erythema, tenderness, pruritis, elevation, and thickening. A hyper-
trophic scar that persists for more than 12 months and the margins of which extend
beyond the original wound into neighboring tissues is a keloid scar. Hypertrophic
scars generally regress with time but frequently leave the area widened and
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depressed, whereas keloids rarely diminish in size without treatment. Both hyper-
trophic and keloid scars are more common in younger, darker-skinned patients,
and when the wound is closed under tension (16). Areas under constant movement,
such as the upper lip and neck region, may produce more wound tension and induce
hypertrophy. A common area to find a hypertrophic or keloid scar is the ear
(Fig. 13). Histological differentiation between hyertrophic and keloid scars is extre-
mely difficult in the early phases of scar formation and is not clinically necessary in
the mature scar (17–20).

Any consideration of the treatment of hypertrophic and keloid scars should
start with a discussion of prevention. Gentle soft tissue handling at the initial wound
closure, planning incisions to lie as close as possible to the RSTL, adequate under-
mining to lessen tension on the wound, and closing in layers to avoid dead space are
technical details that help prevent hypertrophic scar formation. Postoperative splint-
ing of the wound with tape or other topical dressing is helpful in reducing the motion
and tension on the healing wound, and should be continued after suture removal for

Figure 13 Pedunculated keloid scar of the auricle secondary to ear piercing.
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up to 1 month in areas susceptible to excessive movement or tension. When revising
scars, proper tissue management is essential to avoid the occurrence or reoccurrence
of hypertrophied or keloid scars.

Hypertrophic scars respond to intralesional steroid injections. Triamcinolone
acetonide, 10mg=ml, is most commonly used, injected with a 30 gauge needle at
intervals of 4 weeks until there is a significant clinical change in symptoms or
regression of the scar. Most scars begin to show signs of improvement, such as
softening, flattening, and decreased itching, by the third injection, and often do
not require further intralesional steroid. The amount injected is dependent on
the size of the scar but rarely approaches the maximum dosage of triamcinolone
per month: 120mg in adults, 80mg in children 6–10 years, and 40mg in children
1–5 years of age. It is thought that steroids work by increasing the rate of collagen
degradation, and by decreasing collagen synthesis, the inflammatory process, and
fibroblast proliferation (21). Care must be taken to avoid injection of the steroid
into normal skin and subcutaneous fat because atrophy of these tissues is likely.
In addition to tissue atrophy, complications include telangectasia formation and
hypopigmentation.

Keloid scars are much more difficult to treat. Repeated steroid injections are
helpful in softening and reducing the bulk of the scar, and surgical excision is fre-
quently required. To improve the results of surgery, steroid injections in the wound
margins, application of external pressure dressings, cryosurgery, and radiation at the
time of surgery have been used. Even with aggressive perioperative and postopera-
tive care, keloid recurrence rates can approach 41% after combination steroid and
surgical therapy (22). Keloids that are too large to be excised and closed primarily
with a tension-free closure may best be treated with excision followed by a thin
(8–10=1000 in) split-thickness skin graft, or be left to heal by secondary intention
(26). The CO2, argon, and neodymium–yttrium–aluminum–garnet (Nd:YAG) lasers
have been used to treat keloid scars with variable results (24–32).

Pressure-treated keloid scars have been demonstrated to have decreased inter-
collagen cohesiveness and fibroblast content, possibly due to local hypoxia caused
by external mechanical occlusion (33). Pressure dressings should be used when pos-
sible for 4–6 months to decrease the risk of scar contracture or scar hypertrophy after
removal of the splint. These pressure dressings may range from an elasticized
garment, paper tape casting, to Silastic sheeting. These are all self-administered, pain-
less, and may provide the patient with scar improvement and symptomatic relief.

The existence of multiple treatments for keloid scars reflects the inadequacy of
any one method, and at this time no definitive procedure is available to the surgeon
faced with these lesions.
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20
Basic Rhinoplasty

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

INTRODUCTION

The first known description of nasal surgery is found in a 3000-year-old Egyptian
papyrus containing a detailed account of the diagnosis and treatment of a nasal frac-
ture. Until the mid-19th century, nasal surgery was reserved for the correction of
severe acquired and congenital malformations. Modern rhinoplasty began with the
advent of cocaine and the pioneering efforts of Dieffenbach, Roe, and Joseph. Dief-
fenbach and others during the late 19th century corrected nasal deformities through
external incisions along the side or dorsum of the nose. John Orlando Roe, an oto-
laryngologist from Rochester, New York, performed the first aesthetic intranasal
rhinoplasty in 1887. Jacques Joseph, an orthopedic surgeon from Berlin, Germany,
subsequently did seminal work on aesthetic rhinoplasty and is considered by most to
be the father of modern rhinoplasty and facial plastic surgery. The technique that
Dr. Joseph used for intranasal rhinoplasty was the standard for the majority of rhi-
noplasty procedures performed through the 1960s. His technique included intercar-
tilaginous and full transfixion incisions, hump removal with an osteotome, medial
osteotomy with a chisel, lateral osteotomy with a saw, and tip cartilage reduction.
His technique came to be known as reduction rhinoplasty in contrast to the more
modern technique of augmentation rhinoplasty. Grafts (e.g., autografts, allografts,
and synthetics) were not commonly used in routine rhinoplasty, although they were
often used for the correction of nasal deformities such as a saddle nose. As the aes-
thetic norms shifted away from the operated look of a patient who had undergone a
typical reduction rhinoplasty, the techniques of augmentation rhinoplasty took hold.
Aside from the cosmetic concerns over reduction rhinoplasty, several functional pro-
blems emerged as these patients were followed over the long term. Cartilage excision
produced noses that lacked support in the lower and middle thirds resulting in col-
lapse of the nasal valve and nasal obstruction. As cosmetic and functional concerns
mounted in the late 1960s, surgeons and patients began to embrace a different phi-
losophy. Techniques were adapted that would result in a natural-appearing and well-
supported functional nose. Cartilage reshaping and augmentation, often through
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open techniques (i.e., external rhinoplasty), enhanced the short- and long-term
results of aesthetic rhinoplasty. Subsequent developments up to the present have
continued to improve on this modern philosophical and technological paradigm.

ANATOMY

The nose is the most prominent feature on the face and figures highly in facial bal-
ance and beauty. Many men have either been belittled, as the Dauphin of France, or
extolled, as Caesar, for the size and shape of the their noses. It is the rhinoplastic
surgeon’s role to ensure that the nose fits harmoniously with the rest of the face. Eth-
nicity, patient desire, and overall facial balance must be considered. As it does with
an architect, the adage ‘‘form will follow function’’ plays an essential role in the pro-
cedures performed. Hence, the surgeon must have a keen sense of the anatomy of the
nose and how it relates to function. Anatomy and function are intertwined and the
surgeon must be cognizant of both to achieve the desired aesthetic result.

Topography

The nose is a pyramid of bone, cartilage, and soft tissue (Fig. 1). It is divided into
thirds corresponding to the bony nasal vault (upper third), middle vault (middle
third), and lower vault (lower third). Important anatomical landmarks in the upper
two-thirds are useful in delineating and describing pathology of the external nose.

The nasion is the junction of the frontonasal suture with the midsagittal plane.
The radix nasi is the soft tissue correlate of the nasion and refers to the point of

origin of the nasal root.
The rhinion is the landmark corresponding to the tip of the nasal bones in the

midsagittal plane. It is located at the junction of the nasal bones and car-
tilaginous septum.

The landmarks in the lower third of the nose include the lobule, nasal tip,
domes, columella, and nasal alae. The lobule is the area of the nose bounded by
the upper free edge of the nostrils and the supratip breakpoint. It is subdivided into
the tip (most projecting portion of the lobule), supratip, and infratip lobules. The
(clinical) domes represent the junctions of the medial and lateral crura of the lower
lateral cartilages. The dip just superior to the highest part of the domes corresponds
to the supratip depression (break). This depression is not so much a true anatomical
landmark as an aesthetic landmark.

Skin and Muscles

The skin is thickest at the nasofrontal groove (1.25mm) and thinnest over the rhi-
nion (0.6mm) (1). Subcutaneous fat is nearly absent at the rhinion and most abun-
dant in the supratip. Muscle mass is most prominent at the nasofrontal groove,
consisting of the procerus and corrugator supercilii.

The quality of the skin has important implications in rhinoplasty, especially
with respect to the nasal tip. Very thick skin can mask improvements made to the
underlying cartilages and, despite a favorable cartilage framework, tip refinement
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and definition may remain poor. However, thin skin with sparse subcutaneous tissue
can also be problematic. The cartilage framework is easily seen and even minor con-
tour problems will be obvious. For example, a bifid nasal tip appears to have widely
separated domes, yet this may result from a combination of thin skin and a lack
of intervening soft tissue rather than an abnormality of lower lateral cartilage
formation.

The muscles of the nose include the procerus, pars transversa (compressor
naris) of the nasalis muscle, and depressor septi (2) (Fig. 2). The procerus muscle
is a single pyramidal slip of muscle arising from the nasal bones and upper lateral

Figure 1 Topographical landmarks of the external nose.
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cartilages. It inserts into the frontalis muscle and skin between the eyebrows. The
pars transversa is a paired muscle that takes origin from the canine eminence of
the maxilla and inserts into a fibrous aponeurosis shared with the opposite muscle
along the cartilaginous nasal dorsum. The pars alaris (paired) takes origin above
the labial incisor tooth and inserts into lower and lateral margin of the nasal ala.
The depressor septi is perhaps the most important muscle in rhinoplasty since it
can cause a functional tip ptosis. The muscle is paired, takes origin from the premax-
illa, and inserts into the base of the columella and medial crural footplates. It plays
an important role in nasal ventilation in deep inspiration by tensing the columella
and membranous septum.

All of the muscles appear to function to dilate the nasal aperture and improve
airflow by flattening and widening the nasal dorsum (pars transversa), flaring the
nostrils (pars alaris), and elongating the columella (depressor septi). The muscles
are supplied entirely by the buccal branch of the facial nerve.

Arteries and Nerves

The arteries of the nose include the lateral nasal branch of the facial artery, nasal
branch of the infraorbital artery, dorsal nasal branch of the ophthalmic artery,
and external nasal branch of the ethmoidal artery (2). The lateral nasal branch of
the facial artery supplies the ala and a portion of the dorsum. The infraorbital artery
branches under the levator labii superioris to supply the nasal base and ala via its
branches. The dorsal nasal artery is a terminal branch of the ophthalmic artery that

Figure 2 Muscles of the nose.
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emanates from the medial orbit superior to the medial palpebral ligament to supply
the nasal dorsum. An external nasal branch from the ethmoidal artery (from the
ophthalmic) reaches the nasal dorsum between the nasal bone and upper lateral
cartilages to supply the nasal dorsum. The venous system follows the arterial system
closely.

The sensory nerves of the nose include the external nasal branches of the infra-
orbital nerve, infratrochlear nerve, and external nasal branch of the anterior ethmoi-
dal nerve (2). The infraorbital nerve divides under the levator labii superioris muscle
and gives rise to external nasal branches that supply the base of the nose and ala. The
nasociliary nerve divides into the infratrochlear nerve and the anterior ethmoidal
nerve at the anterior ethmoidal foramen. The infratrochlear nerve travels lateral
to the lamina papyracea and leaves the orbit between the superior oblique muscle
and the medial palpebral ligament to supply the superomedial and upper dorsal
aspects of the nose. The anterior ethmoidal nerve enters the nose within the ethmoi-
dal air cells and continues medially entering the anterior cranial fossa just superior to
the cribriform plate. The nerve travels anteriorly and re-enters the nasal cavity
through the ethmoidal fissure at the side of the crista galli. Besides supplying the
neighboring mucosal structures, an external nasal branch emerges on the nasal dor-
sum between the nasal bone and upper lateral cartilages to supply the nasal dorsum
from the rhinion to the tip.

Nasal Fascia

The nose is covered with a superficial muscular aponeurotic system (SMAS) that sur-
rounds the nasal musculature and intimately attaches to the overlying dermis (3).
The main arteries and nerves and perichondrium are deep to the SMAS. The peri-
chondrium thickens between the medial crura and domes and forms the transverse
and intradomal ligaments, respectively. In most cases, the transverse ligament
between the medial crura is continuous with the intradomal ligament.

Nasal Bones

The upper nose approximates the shape of a pyramid and its structure results from
the shape and articulation of the paired nasal bones, frontal processes of the maxil-
lae, nasal processes of the frontal bones, and perpendicular plate of the ethmoid. The
nasal bones average 25.1mm in length from the frontonasal suture. The frontonasal
suture is 10.7mm above the intercanthal line (1). The midline nasal suture is a solid
syndesmosis and is often replaced completely by bone after nasal growth is complete,
resulting in a synostosis. The fused caudal nasal bones overlap several millimeters of
the cephalic upper lateral cartilages. The nasal bones, upper lateral cartilages, quad-
rilateral cartilage, and perpendicular plate of the ethmoid form a confluent solid
mass called the keystone area (4). The nasal bones are thin inferiorly but gradually
thicken to approximately 6mm at the nasal root. At the intercanthal line, the nasal
bones are sufficiently thick to resist osteotomy, and most osteotomies approaching
this area are deflected medially. An osteotomy should not be forcibly carried to
the frontal bone since narrowing of the nasal root above the intercanthal line is
rarely indicated.
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The perpendicular plate of the ethmoid articulates with the nasal bones along
their inner dorsal surfaces at the keystone area. Marked deviation of the nasal sep-
tum in this area may affect the position of the nasal bones after infracture. If this is
the case, a septoplasty involving the high bony septum must performed first to
ensure that the proper position of the nasal bones after osteotomy and medialization
is attained.

Nasal Cartilages

The nasal cartilages consist of the quadrilateral septal cartilage, paired upper lateral
cartilages, paired lower lateral cartilages, sesamoid cartilages, and accessory carti-
lages. The cartilaginous vault lies anterior to the pyriform aperture and constitutes
the largest part of the nasal anatomy.

Upper Lateral Cartilages

The upper lateral cartilages are triangular and are bounded superiorly by the nasal
bones, inferiorly by the lower lateral cartilages, laterally by the face of the maxillae,
and pyriform sinuses, and medially by the septum. They are connected to the upper
two-thirds of the dorsal septum by a firm fibrous aponeurosis. The upper lateral
cartilages form a 10–15 degree angle with the dorsal septum. The nasal valves are
formed at the distal aspect of the upper lateral cartilages because of this slight
separation. The medial upper lateral cartilages are continuous with the dorsal carti-
laginous septum forming a T configuration, except near the septal angle where the
cartilages tend to separate with intervening connective tissue. Near the rhinion, this
trifurcation tends to thicken and often contributes significantly to the nasal hump
deformity. The T configuration causes the upper lateral cartilages to splay, which
contributes in part to a slight normal widening of the middle and lower nasal vaults.
The caudal end of the upper lateral cartilages most often ends in a scroll configura-
tion interwoven with an opposing scroll from the lower lateral cartilage (lower lateral
cartilage). The scroll is most prominent medially and, if excessive, contributes to
widening of the lower middle vault and supratip lobule. Loss or removal of the scroll
area can result in narrowing of the nasal valve. Excessive scroll may also contribute
to obstruction.

Patency of the nasal valve is crucial to the function of the nose and is an impor-
tant consideration in any aesthetic nasal surgery. The structures that bound the
upper lateral cartilages also act to maintain the valve’s patency. The upper lateral
cartilages form an unyielding attachment to the caudal aspect of the nasal bones.
Medial movement of the nasal bones (e.g., after lateral osteotomy) will result in med-
ialward rotation of the upper lateral cartilages and narrowing of the nasal valve. The
integrity of the mucosal cover is important to maintain laminar flow through the
nasal valve. Disruption of this mucosa after rhinoplasty may result in scarring and
obstruction.

Lower Lateral Cartilages

The lower lateral cartilages (Fig. 3) are complex three-dimensional structures vital to
nasal tip support and shape. They are C-shaped and, although the cartilage is one
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piece, it is divided into three anatomically unique segments: the medial crus, the mid-
dle or intermediate crus, and the lateral crus (5). The medial crus is a thin, delicate
extension of cartilage within the soft tissues of the columella. It includes the footplate
and columellar segments. The length of a footplate is between 4 and 7.5mm and the
thickness ranges from 0.80 to 1.5mm (6). The footplates tend to separate as they
course inferiorly and will wrap around the caudal septum. The range of separation
of the footplates is between 7.5 and 15mm. The width of the base of the columella is
determined primarily by the degree of flaring of the medial crural feet. The columel-
lar segments of the medial crura are separated by a variable amount of connective
tissue that also contributes to the width of the columella.

The middle (intermediate) crus is subdivided into lobular and domal segments.
The lobular segment begins after an acute cephalic bend in the medial crus at the
columella–lobule angle (columellar break). It is vertically oriented, blending into
the domal segment as the cartilage folds posteriorly and becomes convex along its
cephalic border. The caudal border of the domal segment is deficient at the domal
notch, giving rise to the soft tissue facet or soft triangle near the apex of the nostril.
The domal segment ends as it blends into the lateral crus at the domal junction. The
tip defining points fall on the domal junction line near its caudal margin (7). The
configuration of the dome is extremely variable, ranging from gently curved to shar-
ply angulated with multiple projecting points. In aesthetic terms, the dome is defined
in four ways: anatomical, clinical, vestibular, and surgical. The anatomical dome is
located at the junction of the middle and lateral crura. The clinical dome is the part
of the tip cartilage identified externally. In thinned-skin individuals, the anatomical
dome may closely match the appearance of the clinical dome. The most projected
point of the clinical dome is the tip-defining point. The vestibular dome is the

Figure 3 Upper and lower lateral cartilages. Note that the lateral crus courses super-

olaterally away from the nostril rim. The scroll area is defined by the relationship and
articulation of the caudal margin of the upper lateral cartilage and the cephalic margin lower
lateral cartilage.
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counterpart to the clinical dome internally and is at the apex of the concavity formed
between the medial and lateral crura. The surgical dome is the dome established at
surgery (8).

The lateral crus may be concave, convex, or straight with a scroll evident super-
omedially that articulates with a reverse scroll at the caudal edge of the upper lateral
cartilages. The shape of the lateral crus has been classified by Lessard et al. as type 1:
smooth, convex (10%); type 2: convex, concave (30%); type 3: concave, convex
(25%); type 4: concave, convex, concave (25%); type 5: concave (5%); and type 6:
complete convex (5%) (1). The most aesthetically pleasing configuration of the
domal junction is formed by a convex domal segment merging with a concave lateral
crus at the domal junction. A common misconception is that the caudal border of the
lateral crus closely parallels the nostril rim. In fact, the lateral crus diverges widely
from the rim, curving superomedially at a 30–40 degree angle. There may be an exag-
gerated cephalic rotation of the lateral crura, in some cases actually running parallel
to the dorsal septum, adding to lobular and supralobular (supratip) fullness. This
condition has been described by Sheen as cephalic malposition or ‘‘parentheses
tip’’ (9) (Fig. 4). The free lateral edge of the lateral crus does not reach the pyriform
aperture. It is indirectly attached through connective tissue and a series of variable
true accessory cartilages distributed along a curvilinear line from the lateral tip to
the nasal sill (10). The accessory cartilages must be differentiated from the inconsis-
tent sesamoid cartilages found scattered between the caudal upper lateral cartilages
and the cephalic lower lateral cartilages.

Septum

Approximately 1 cm of the dorsal and caudal quadrilateral cartilage (i.e., dorsocau-
dal strut) must be preserved to maintain nasal support and projection. The bony por-
tions of the septum, including the vomer and perpendicular plate of the ethmoid
bone, are not directly responsible for nasal support. Of course, deviations in these
bones will cause nasal obstruction, and irregularities of the perpendicular plate
between the nasal bones may cause bony dorsal asymmetry after osteotomy and
infracture.

Important landmarks involving the quadrilateral cartilage include the rhinion,
anterior septal angle, inferior septal angle, and nasal valve (Fig. 5). The anterior sep-
tal angle is the angle formed at the junction of the dorsal septum with the caudal sep-
tum. This portion of the nasal septum does not usually project beyond the domes of
the lower lateral cartilages and it is at or slightly caudal to the supratip depression.
The inferior septal angle is formed as the caudal septum makes a distinct bend
toward the anterior nasal spine in its lower half. The caudal aspect of the quadrilat-
eral cartilage is an essential component of the nasal valve, forming its medial border.
Even minor deviations of the cartilage in this area will cause nasal valve narrowing
and the perception of nasal obstruction.

The membranous septum is a distinct anatomical structure that connects the
caudal septum to the columella. It is covered by vestibular mucosa and composed
of connective tissue surrounding the medial crura. The upper half of the columella
is separated from the caudal septum by the membranous septum. The lower half
of the columella travels much closer to the caudal septum and the feet of the
medial crura overlap the septum to a variable extent. Due to the elasticity of the
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Figure 4 Cephalically malpositioned lateral crura seen through an open approach. Note
how the lateral crus nearly parallels the dorsal nasal septum.
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membranous septum and mucoperichondrium over the caudal septum, the columella
and medial crura are easily retracted away from the caudal septal edge.

Tip Support

Nasal tip resiliency and projection are maintained by major and minor structural
supports. The major tip support mechanisms are the size, shape, and strength of
the lower lateral cartilages; the medial crura and footplates and their attachment
to the caudal septum; and the attachments of the lower lateral cartilages with the
upper lateral cartilages (scroll area). The minor tip support mechanisms include
the soft tissues of the membranous septum and interdomal area, the cartilaginous
dorsum (the upper lateral cartilages and the dorsal septum), and the fibrous attach-
ments of the lower lateral cartilages with the overlying skin. Uncorrected disruption
of the major support mechanisms will result in tip depression and=or caudal rotation
(ptosis). The minor tip support mechanisms may assume greater significance if they
are overdeveloped or if the major supports are significantly weakened.

Tripod Concept

Understanding what is termed the tripod concept is fundamental in predicting nasal
tip projection and rotation changes resulting from a variety of surgical interventions.

Figure 5 Quadrilateral cartilage ex vivo shows the anterior (single arrow) and inferior
(double arrow) septal angles. The anterior septal angle is found between the domes and the
inferior septal angle is seated over the maxillary spine.
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The theory states that three legs representing the lateral crura and conjoined medial
crura support the nasal tip. The axis of rotation for the tripod is located at the base
of the columella and the tripod itself is sloped caudally because the medial crura are
shorter than the lateral crura. Since the axis of rotation is at the base of the columella
and nasolabial angle, augmenting or reducing the legs of the tripod will have unequal
effects on projection and rotation of the nasal tip. For example, augmenting the con-
joined medial crura will increase nasal projection more than a similar degree of aug-
mentation of the lateral crura. Conversely, augmentation of lateral crura will result
primarily in caudal rotation of the nasal tip. Maximum projection without cephalic
rotation is achieved by augmenting both the medial crura and lateral crural elements
of the tripod.

Nasal Valve

Mink in 1940 originally described the nasal valve as the narrowest portion of the
nasal cavity and as ‘‘the passage between the lower margin of the upper lateral car-
tilage and the septum and the most important regulator of airway resistance’’ (11).
The nasal valve is the two-dimensional slit-like opening between the caudal edge
of the upper lateral cartilages and the septum (Fig. 6). The angle formed by the junc-
tion of the upper lateral cartilages with the septum is normally 15–20 degrees. Since
most of the inspired air must pass through the nasal valve, even small changes in its
cross-sectional area will result in significant changes in nasal resistance. The nasal

Figure 6 The nasal valve. Note the boundaries of the nasal valve: the caudal upper lateral
cartilage (ULC) and nasal septum.
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valve narrows in response to pressure changes generated within the nasal cavity by
the act of inspiration. A dysfunctional nasal valve is a significant cause of nasal
obstruction, especially in the patient who has undergone rhinoplasty.

The nasal valve has been called the internal nasal valve to differentiate it from
the external nasal valve (the nasal ala). Since the nasal alae possess a valvular func-
tion only in pathological conditions, the term nasal valve should be reserved for the
internal valve. The term external nasal valve should be discarded and nasal ala used
instead. The nasal valve is a component of the nasal valve area and represents the
narrowest part of the nasal cavity. The nasal valve area is a pyramidal space within
the anterior nasal cavity bounded at its apex by the nasal valve, inferolaterally by
the head of the inferior turbinate, and inferiorly by the rim of the pyriform aperture.
The lateral boundaries include the lateral crus and fibrous-attached accessory carti-
lages (the so-called hinge area) and the soft tissue corresponding to the medial
aspect of the supra-alar melolabial fold (external lateral triangle). Airflow during
inspiration is deflected superiorly towards the nasal valve by the pyriform aperture.
Obstructions within the nasal valve area will produce greater increases in nasal
resistance than partial obstructions in areas outside of the nasal valve area. However,
obstruction at the nasal valve itself will produce the greatest increase
in nasal resistance because the predominant airstream is directed through this
site.

The physiological benefit of the nasal valve is not known. It may serve to slow
the airstream to allow for humidification, olfaction, filtration, or temperature regu-
lation. Over-resection or weakening of the upper lateral cartilages will indirectly
cause valvular narrowing by allowing the soft tissue in the lateral nasal wall to con-
tract, drawing the upper lateral cartilages medially. This is commonly seen as a
pinched nose in patients who have undergone traditional reduction rhinoplasty
(Fig. 7). However, even in standard or augmentation rhinoplasty, the upper lateral
cartilages are often cut free from the septum and the support and spring from the
T configuration are lost. The upper lateral cartilages will then fall onto the septum,
effacing the nasal valve. In addition, soft tissue and the upper lateral cartilages are
moved medially after lateral osteotomies because of the firm attachment that the
upper lateral cartilages share with the nasal bones. This causes the valves to narrow
and become less flexible and, hence, less functional.

Nasal Alae

The nasal alae are the soft tissue portions of the nostrils that have scant skeletal sup-
port. They consist primarily of skin, subcutaneous tissue, vestibular mucosa, and
muscle. The dilator naris muscle is a major component, opening the nostril through
its attachment to the lateral crus. It does not affect nasal airflow in non-pathological
conditions. However, collapse or obstruction of one or both nasal alae can abruptly
stop nasal airflow. Nasal alar narrowing can also cause secondary collapse of the
nasal valve.

The lower lateral cartilages also contribute to the stability of the nasal alae
because the lateral crura course within the cephalic aspect of the nasal alae to a vari-
able extent. Disruption or weakening of the lower lateral cartilage may cause alar
flaccidity and collapse. Facial nerve paresis or paralysis can also result in functional
nasal alar collapse due to motor loss and lack of tonicity in the dilator naris muscle.
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Figure 7 Example of a pinched nose deformity (arrow, supra-alar depression) due to
over-resection of the lateral crus.
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PREOPERATIVE EVALUATION

In addition to the intrinsic properties of the nose, age, gender, race, and stature are
factors to be considered in the preoperative evaluation (12). The anatomy of the nose
changes significantly as a person matures through childhood and adulthood. Two
peaks of nasal growth occur in childhood: prior to the age of 8 years, and during
puberty. A baby’s or toddler’s nose differs most dramatically from that of an adult
in its upper third. There is often an open roof with widely separated nasal bones in
children through the age of 5 years. The nasal bones gradually close and nasal
growth goes into dormancy until puberty when there is a rapid increase in the rate
of growth and bony and cartilage size. Nasal growth plateaus at the conclusion of
puberty and young adulthood as the bony and cartilaginous framework become
increasingly defined. With advancing age, the soft tissue cover and underlying mus-
culature become increasingly lax, eventually resulting in nasal tip elongation and
ptosis. Besides the nasal tip, aesthetic aberrations common in the aging patient also
include elongation of the nose and an acute nasolabial angle. This change in anat-
omy also leads to nasal obstruction from the collapse of the nasal valve area and nos-
trils. Rhinoplasty in the aging patient must be directed at reversing these age-related
functional and aesthetic problems.

Racial differences profoundly affect planning and the final result in rhino-
plasty. For example, the African-American nose typically has relatively weak skeletal
support, with flaring nostrils and inadequate tip projection. The nasal base is often
excessively wide and the lobule is ill-defined with excessively thick skin. The typical
rhinoplasty in the African-American patient entails increasing tip support and pro-
jection, narrowing the nasal base, and defatting the lobule. Although the tip carti-
lages may be of similar size to white patients, they are usually weaker and less
resilient. Autogenous cartilage grafts are often required to increase tip support
and projection.

Another important consideration is the patient’s stature, especially with regard
to the perception of tip rotation and nasal length. Taller patients who have under-
gone rhinoplasty often appear to have nasal tips that are over-rotated despite a naso-
labial angle that falls within the aesthetic standard. The over-rotated appearance
then leads to the perception of an overly shortened nose. Nostril show, cephalic
tip rotation, and opening of the nasolabial angle should be minimized and nasal
length should be maintained in taller patients.

During the initial consultation, a series of photographs should be taken includ-
ing full frontal views, basal views, and left and right lateral and angled views. If digi-
tal photography is used, photos can be viewed immediately by surgeon and patient.
This can be valuable since the patient can see views of the nose not possible using a
standard mirror. Balance with other facial structures can easily be pointed out to the
patient. Thoughtful nasal analysis cannot be done immediately with the patient wait-
ing or present. However, with the patient’s desires in mind, an analysis can be done
prior to the procedure and reviewed with the patient preoperatively. Some patients
may want to see potential changes demonstrated on the computer. This may be best
left to a second visit after a definitive analysis has been done. Although this portends
a strong rapport between surgeon and patient, it does not come without risks.
Patients must be warned that the outcomes created on the computer might not be
identical to real results due to problems that occur with healing such as shifting of
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structures, scarring, and the like. Patients should be warned that the results seen are
not guaranteed but can give them a good idea of the possible outcome.

Nasal Analysis

Although many factors play a role in the overall appearance of the nose, including
race, age, and ethnicity, several basic landmarks and relationships are common to
any analysis of the nose prior to cosmetic rhinoplasty. Nasal analysis includes assess-
ment of skin quality and texture, support (tip recoil), surface landmarks and fea-
tures, and facial balance.

Skin thickness and pathology such as rhinophyma or scarring are noted. The
quality of the skin has important implications especially relating to the nasal tip.
For example, patients with thick skin and bulbous tip structures are well suited
for extensive tip refinement. The thick skin tends to efface the sharp angles and slight
irregularities within the underlying cartilaginous framework created by such exten-
sive work. The opposite holds true in thin-skinned individuals, so cartilaginous work
on the tip is usually more conservative.

Tip recoil is fundamental to any examination of the nasal tip. By gently
depressing the nasal tip, the examiner can estimate resiliency and tip support.
Poor recoil is present when the spring in the nasal tip is greatly diminished,
indicating attenuated underlying cartilaginous support. In these cases, the need
for additional cartilaginous support in the form of grafts or sutures should be
anticipated.

Other conditions that may cause tip projection abnormalities include a hypo-
plastic premaxilla resulting in retropositioning of the entire nasal base. The nasola-
bial angle is also usually less than 90 degrees and there is some degree of tip ptosis.
This condition is most commonly found in patients with a history of cleft palate and
those with Binder’s syndrome (maxillonasal dysplasia) (13).

Important surface landmarks in basic nasal analysis include the supraorbital
ridges; clinical domes; nasal lobule; alar margins, grooves, and creases; medial
canthi; radix nasi; rhinion; nasal tip; subnasale (Sn); columellar break; upper vermi-
lion (Vu); pogonion; glabella; alar fold; columella base; and medial crural footplates.
These landmarks are used to define structures and aesthetic relationships that are
important in nasal analysis. The nose is initially assessed from three perspectives:
anteroposteriorly (portrait view), laterally (profile view), and inferiorly (basal view)
(Table 1). The portrait view includes assessment of the nasociliary lines, alar–lobule
contour, nasal width, nasal width-to-length ratio, and overall symmetry (Fig. 8). The
profile view includes assessment of the contour of the dorsum and supratip, colu-
mella–lobule–tip configuration, radix height, nasofrontal angle, nasolabial angle,
nasal tip projection, chin projection, columellar position, and alar fold position
(Fig. 1). The basal view includes assessment of footplate flaring, caudal septal devia-
tion, nostril shape, lobule width-to-base ratio, and lobule height-to-columellar height
ratio (Fig. 9).

Portrait View

Nasociliary Lines. Each nasociliary line outlines the ipsilateral silhouette cre-
ated by the contour of the supraorbital rim, nasal dorsal ridge, and tip-defining
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Table 1 Preoperative Rhinoplasty Evaluation Report

Landmarks
Aesthetic relationships

(normative values) Findings

Portrait View

Supraorbital ridges; domes Nasociliary lines
Alae and lobule margins Ala–lobule line
Alar margins; medial canthi Nasal width
Alar margins; radix; nasal tip Width=length (0.70)
Radix; rhinion Symmetry
Profile View

Upper 1=3; mid 1=3 Dorsum contour
Nasal tip Supratip contour
Sn; columellar break Columellar-lobule-tip config.
Nasal root Radix height

(supratarsal crease)
Dorsum; glabella Nasofrontal angle

(120–135 degrees)
Columella; upper lip Nasolabial angle (90–110 degrees)
Vu; Sn; nasal tip Nasal tip projection

lip height=columella-tip (1:1)
Alar crease; nasal tip; radix Projection=length (0.55–0.60)
Pogonion; glabella Nasomental angle

(130 degrees)
Pogonion; glabella; dorsum Nasofacial angle (36 degrees)
Alar crease; ant. nostril
margin

Ala–cheek junction

Nostril rim; columella Columellar position
Nostril rim; columella; alar
fold

Alar position

Basal View

Columellar base; footplates Footplate flare
Columella; septum Caudal septum deviation
Alar grooves; alar creases Lobule width=base (< 0.75)
Nostril rim; canthi; nasal base Nostril flare
Nasal tip; Sn; columellar
break

Lobule height=columella (1:2)

General

Skin Tip Recoil Premaxillary support
Nasal valve Septum Turbs
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point. The nasociliary lines should course gracefully as mirror images from the
supraorbital ridges onto well-defined dorsal ridges ending at distinct tip-defining
points. If there is excessive widening, narrowing, or asymmetry of the nasal dorsum,
the nasociliary lines will be uneven. The usual anatomical abnormality detected is
excessive widening of the upper third (nasal bones). Widening of the middle third
may be due to excessive size or splay of the upper lateral cartilages or an exaggerated
scroll. Flat, disparate, or irregular domes are typical abnormalities found in the
lower third of the nose. The nasociliary lines are useful guides to determine if nar-
rowing or widening the nose is necessary through osteotomy (upper third) or carti-
lage grafting (middle third).

Ala^lobule Contour. The ala–lobule contour follows the free inferior edge of
the alae and columella–lobule angle and is most aesthetic when it forms a graceful
gull-wing-like silhouette. The lobule itself should be symmetrical and highlighted
by clear domal tip-defining points and a well-defined columella–lobule angle. Alar
rim abnormalities such as notching, asymmetry, or irregular inclinations are readily

Figure 8 Important landmarks on portrait view (see text).
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noted by carefully noting the ala–lobule contour. The tip-defining points and clinical
domes should correlate. Elements of the lobule that should be noted include bifidity,
bulbosity, horns, and asymmetry. Widely separated domes and a flat or depressed
nasal tip characterize a bifid tip. A bifid tip appears trapezoidal and surgical techni-
ques should be employed to efface this geometric configuration to a more rounded
one. A bulbous tip appears fat and ball-like. This can be due to excess or wide lower
lateral cartilages, skin, subcutaneous tissue, or a combination of all three.

Nasal Width. The nasal width in the anteroposterior view is the distance
between the flared aspects of the alae and is evaluated in relation to the eyes. The
alae are most aesthetically aligned with lines dropped from the medial canthi. Hence,
nasal width should approximately equal the width of an eye from canthus to
canthus. If the alae flare outside the intercanthal lines, then alar-narrowing proce-
dures may be indicated.

Overall Symmetry. Ideal nasal length is proportional to the total facial height.
It can be assessed using Leonardo da Vinci’s facial thirds: forehead height (trichion–
glabella)¼ nose length (nasion–subnasale)¼ lower face height (subnasale–gnathion).
These thirds should be equal.

The Profile View

Contour of the Dorsum and Supratip. The contours of the dorsum and
supratip are important aesthetic parameters in rhinoplasty. The contour is
described as convex, concave, straight, or irregular. Typically, a nasal hump is a

Figure 9 Important landmarks on basal view (see text).
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convexity at the rhinion and is composed of a complex of bone and cartilage
(Fig. 10). It is usually secondary to overdevelopment of the cephalic upper lateral car-
tilage–quadrilateral cartilage–caudal nasal bone complex (the keystone area).
Removal of the nasal hump as performed in a typical reduction rhinoplasty will
result in the separation of the upper lateral cartilages from the septum, disruption
of the keystone area, and creation of an open roof deformity exposing the upper
nasal vault and perpendicular plate of the ethmoid. The ideal contour of the supratip
differs between men and women, at least in white patients. The supratip break is an
aesthetic feature more common to the female profile. Excessive break in the male
nose is to be avoided. The break is a slight concavity in the supratip lobule formed
by the projection of the nasal tip, dome position, and the height of the dorsal septum.

Columella^lobuleT|p Con¢guration. The columella–lobule tip configuration is
essentially an evaluation of the existence and quality of a columellar double break.
The double break is more an aesthetic landmark than a true anatomical landmark.
On profile view, it is seen as an acute columella–lobule angle creating a distinct
soft tissue platform over the lobular segment of the middle crus (Fig. 11). The

Figure 10 Typical nasal hump consisting of a combination of bone and cartilage. The
underlying nasal bone (A) and cartilage (septum and upper lateral cartilages; B) have been
introduced into the profile to demonstrate the complex nature of the usual nasal hump.
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columella–lobule angle is ideally approximately 37 degrees. The platform extends to
the anterior-most point on the lobule (nasal tip).

Radix Depth and Position. The radix nasi is the root of the nose and is
located at the depths of the nasofrontal angle formed at the intersection of vertical
lines parallel to the glabella and nasal dorsum. The nasofrontal angle normally
measures between 120 and 135 degrees and the radix is most aesthetically at the
level of the supratarsal fold (or approximately 1 cm above the canthi) (14,15). A
high radix is associated with an obtuse nasofrontal angle and an overly long nose
(e.g., Grecian profile). A low radix often gives the illusion of a foreshortened nasal
dorsum and short nose. An obtuse nasofrontal angle (shallow radix) is associated

Figure 11 The columella–lobule double break. This is an aesthetic aspect of the nasal tip on
profile that is sought after in white patients undergoing rhinoplasty.
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with a Grecian profile, although this profile was appealing in ancient Greek cul-
ture, it is not considered attractive by today’s standards. A useful index that
reflects modern aesthetic standards regarding the depth of the radix is the ratio
of the radix-to-corneal surface distance (r–c) to the corneal surface-to-lateral
(external) canthus distance (c–ex). The index (r–c = c–ex) should be slight less than
or equal to 1 (16) (Fig. 12). Overdevelopment of the proximal nasal bones results
in a prominent (projecting) nasofrontal angle whose most posterior extent (radix) is
above the level of the supratarsal fold. The caudal portions of the nasal bones are

Figure 12 The ratio of the radix-to-corneal surface distance (r–c) to the corneal surface-to-
lateral (external) canthus distance (c-ex) is a usefulmeasure of radix depth. The index (r–c = c–ex)
should be slight less than or equal to 1.
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usually also overdeveloped, resulting in a slight hump. The nose appears larger and
longer, often diminishing the appearance of the nasal tip. Conversely, underdeve-
lopment of the proximal portion of the nasal bones results in a depressed (deep
and inferior) nasofrontal angle and radix (17). This abnormality is also associated
with mild-to-moderate overdevelopment of the caudal nasal bones, resulting in an
exaggerated hump. The nose appears smaller and a normally projecting tip may
appear overly projected and out of proportion with the foreshortened nasal dor-
sum. It is essential to consider the level of the nasofrontal angle and radix in sur-
gical planning before modifications to the nasal dorsum are undertaken. If the
unwary surgeon removes a hump in a patient with a depressed nasofrontal angle,
the nose will appear small and out of balance with the face and nasal tip. The
nasal dorsum will be foreshortened and the nasal tip will appear overprojected.
A high radix would be an indication for glabellar rasping and a low radix would
indicate a need for grafting. In routine rhinoplasty, the nasofrontal angle is gener-
ally not displaced and the surgeon need only address the nasal hump.

Nasolabial Angle. The nasolabial angle is the angle formed by the columella
and upper lip in the midsagittal plane and is a useful measure of nasal tip rotation.
Premaxillary deficiency and columellar malposition may significantly influence the
appearance of this angle. A more precise method when the columellar position is
not ideal is to assess nasal rotation by measuring the angle formed by the long axis
of the nostril with the vertical facial plane. The aesthetic standard for this angle is
90–95 degrees in males and 95–100 degrees in females. An overly rotated tip will
usually accompany a truly short nose and the nasolabial angle will invariably exceed
the accepted aesthetic standard. Conversely, a so-called closed nose is characterized
by an underrotation of the tip with a lack of projection, acute nasolabial angle, and
nasal dorsum convexity. Similar findings may become evident in some patients dur-
ing smiling and activation of their depressor septi muscles. The cause is unclear but
muscular slips have been found that extend between the medial crura to insert into
the tip lobule. If this condition is present, preoperative planning should include divi-
sion of these fibers near the base of the columella. This will reduce tip hypermobility
and enhance the effect of techniques designed to strengthen and project the medial
crural component.

NasalTipProjection. Nasal tip projection is assessed by measuring the distance
between the alar crease and the nasal tip. This measurement must be in balance with
the rest of the nose. There are two common methods employed to determine if nasal
projection is in balance with the face and nose. The first is Goode’s method in which
nasal length (radix to nasal tip) is used for comparison. According to Goode’s
method, the ideal nasal projection=nasal length ratio is 0.55–0.60 (Fig. 13). The main
problem using this method is that the reference value (nasal length) may be abnor-
mal, thus confounding the formula. For example, projection may be underestimated
in a patient with an excessively long nose.

To avoid this pitfall, Crumley’s method uses a straight reference line from the
radix to the upper lip vermilion–cutaneous border. The length of the reference line
(i.e., reference value) represents a measure of facial height independent of nasal
length. Nasal projection is measured from the nasal tip along a line perpendicular
and anterior to the reference line. According to Crumley’s method, the ideal ratio
of nasal projection to the reference value equals 0.2833 (18). Goode’s method of
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Figure 13 A useful measure of nasal projection is Goode’s formula. The ideal nasal
projection (A) nasal length (B) ratio is between 0.55 and 0.60.
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objectively gauging nasal tip projection in a patient with an excessively long nose
will erroneously indicate inadequate projection due to its reliance on nasal length
in the equation. Crumley’s method obviates the need to rely on nasal length or
other intrinsic nasal features and can be more predictive of true abnormalities of
nasal tip projection. Despite objective measurements, the illusion of inadequate
nasal tip projection is created in patients with a long nose or a large dorsal hump.
The nasal tip must be in balance with the rest of the nose and appropriately pro-
jected from the face. The most basic of rhinoplastic procedures with the most pre-
dictable results come from surgeries in which no tip work has been performed.
Once the tip structure and support mechanisms have been violated by surgery,
healing will guide the final outcome. This is the most demanding portion of rhino-
plasty and is sometimes fraught with the most uncertainty. Evaluation is essential
to know what structures need altering and what aesthetic traits already inherent in
the tip should be preserved.

Chin Projection. The visual relationship between the nose and the chin is so
intimate that to change the size and shape of one influences the apparent size and
shape of the other. Chin projection is most directly evaluated by determining its
relationship to a line dropped perpendicular to Frankfort’s line from the radix.
The pogonion is most aesthetically tangent to or slightly posterior to this line
(Fig. 14). In nasal analysis, it is also helpful to evaluate the position of the chin in
relation to nasal and facial projection using the so-called aesthetic triangle of Powell
and Humphries (14). The base of the triangle is along a line connecting the radix and
pogonion and its apex is at the nasal tip. Angles formed by the triangle that reflect
the dynamic relationship between the nose and the chin include the nasomental angle
and the nasofacial angle. The nasomental angle is formed at the junction of the tip–
pogonion line with the tip–radix line; ideally, it is between 130 and 140. The naso-
facial angle is formed at the junction of the nasal dorsum with the base (radix–pogo-
nion line) and is ideally between 35 and 40 degrees. Abnormalities of chin projection,
frontal bosselation, or saddle nose will affect the depth of the angle and give an indi-
cation of the correction needed.

Columellar and Alar Fold Position. On lateral view, columellar show is the
amount of columella visible below the nostril margin. The ideal profile displays 2–
3mm of columella show (5). A more refined way of evaluating columellar show is
to assess critically the positions of both the alar rim and the inferior edge of the colu-
mella. This is accomplished by using a reference line through the long axis of the nos-
tril. The distance between this reference line and the alar rim and=or columella
should be 1–2mm. If the distance between the reference line and the columella is
greater than 2mm it is considered hanging, usually due to excessively large medial
crura, excess membranous or caudal septum, or an enlarged nasal spine. A retracted
columella is one less than 1mm from the reference line. If the distance between the
reference line and the alar rim is more that 2mm, the ala is considered retracted. An
alar rim that dips to within less than 1mm of the reference line is characterized as
hanging. A retracted or hanging ala should be differentiated from an ala that inserts
too high or too low into the cheek (ala–cheek junction). If the insertion is abnormal,
the long axis of the nostril may be altered and the reference line used to judge the
position of the columella and ala will be fallacious. The ala–cheek junction should
be at a level superior to the caudal posterior columella, resulting in some columellar
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show. An inferiorly or superiorly attached ala often appears excessively straight and
long. By evaluating individually the positions of the nostril margin, columella, and
ala–cheek junction, misdiagnoses can be avoided. Repositioning the columella
requires augmentation (e.g., cartilage grafting) in cases of retraction and cartilage
and= or membranous septum reduction in cases in which the columella is hanging.

Figure 14 Example of a patient with chin retrusion based on a line dropped from
Frankfurt’s horizontal. The pogonion is most aesthetic tangent to or slightly posterior to this

line.
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Correction of a retracted alar rim may require cartilage grafting or alteration of the
level at which the ala joins the cheek in cases of a high ala–cheek junction.

Basal View

Aesthetic tip architecture is a rounded, thin appearance that looks like an equilateral
triangle on basal view. Important elements in the basal view include footplate flare,
caudal septum deviation, nostril flare and shape, and lobule width and height. Pro-
blems with the configuration of the nasal base and nostrils may only become evident
after the nasal tip has been modified. Nostril flaring and nasal base widening are
commonly encountered after an overly projecting tip is reduced.

Footplate Flare and Caudal SeptalDeviation. The medial crural footplates play
a significant role in the shape of the lower half of the columella and inferomedial
nostril. Excessive flaring of the footplates produces characteristic symmetrical
widening in the lower half of the columella. The combination of excessive flaring
and inadequate nasal projection is common. In these cases, approximating the foot-
plates with suture will improve projection and reduce the flaring deformity.

Deviation of the caudal septum will also affect the shape appearance of the
columellar nasal base (Fig. 15). Septoplasty in this area often requires separation
of the footplates from the septum, replacement of the deflected caudal strut cen-
trally, and re-establishment of the connection between the footplates and the septum.

Nostril Flare. Nostril flare is the outward curvature of the ala. Excessive
flare can cause an apparent increase in the width of the nose in its lower third.
A certain amount of flaring is desirable and must be in balance with the face
and nasal base. Flaring and facial balance can be assessed by examining vertical
lines dropped from the medial canthi on frontal view. The external surfaces of
the nostrils should ideally fall tangent to these lines. Ideally, the nasal creases also
fall on the intercanthal lines. Therefore, nostril flaring can be considered excessive
if the external aspects of the nasal lobules extend beyond the intercanthal lines and
alar creases. The level of excess flare is important since flaring at the midlobule
level is treated differently than a widened nasal base or flaring at or below the
nasal sill. The overall shape and thickness of the alar lobules should also be noted.
The ideal nose in a white patient has nostrils that are pear-shaped and the
thickness of an alar lobule should be less than one-fifth of the total width of the
nasal base. Typical surgical alar modifications involve reducing flaring, narrowing
the nasal base, and (less commonly) defatting excessively thick alar lobules. These
modifications are needed only occasionally in white patients but are routinely
needed in non-white patients undergoing rhinoplasties. Surgical planning must
include the anticipated changes in flaring and shape of the alar lobules that occur
following surgical adjustments in nasal projection.

LobuleWidth=BaseRatio. The tip lobule is the portion of the tip that lies above
the apex of the nostrils on basal view and consists of the domes and soft tissue cover-
ing. The descriptions of the boundaries of the lobule are inconsistent. The nasal
lobule is frequently defined as including the nasal tip, alae, and columella: essentially
the lower third of the nose between the alar creases. For the purpose of nasal ana-
lysis, the nasal lobule is defined more specifically as including, in the horizontal
plane, the area encompassed by the lower lateral cartilages. The lateral borders of
the lobule correspond to the alar grooves, which are usually easily discernible on
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the basal view. More specifically, the horizontal extent of the nasal lobule is defined
as the demarcation between the soft tissue of the alae and the outer edges of the
lower lateral cartilages accentuated by the cephalic sweep of the lateral crura. In
basic nasal analysis, it is helpful to compare the width of the lobule to the width
of the nasal base because these structures must be in balance. The ideal lobule
width-to-nasal base width ratio is less than 0.75. Tip bifidity or bulbosity are com-
mon abnormalities leading to excessive lobular width.

Figure 15 Caudal septal deviation on basal view (arrow).
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LobuleHeight=Columella. The height of the lobule on basal view is determined
by measuring the distance between the nostril apex (columellar–lobular angle on
profile) and the nasal tip. The columella is defined by the nostril apex (columel-
lar–lobule angle on profile) and the nostril sill (nasolabial angle on profile). The ideal
columella=lobule height ratio should be 2:1 and the length of the columella should
equal the height of the philtrum. An overly projected nasal tip will commonly con-
tain an overly tall lobule, bringing the proportion closer to 1:1.

Nasal Valves. The nasal valve (internal) is examined with the patient’s head
tilted backward and the examiner looking directly into the nostrils. Behind the apex
of the nostril lies the nasal valve formed by the junction of the caudal upper lateral
cartilage and the dorsal nasal septum. The normal angle formed by these structures is
10–15 degrees. The valve is considered dysfunctional if it is collapsed (static dysfunc-
tion) or collapses with mild inspiration (dynamic dysfunction). Static dysfunction is
most common and is characterized by a valve permanently obstructed due to col-
lapse or scarring. Dynamic dysfunction is characterized by premature closure as
the airstream velocity increases. A variably dysfunctional valve is open and func-
tional under some conditions but becomes statically or dynamically dysfunctional
under other conditions, such as allergic rhinitis or turbinate hypertrophy associated
with the nasal cycle. To determine if the patient will experience significant relief by
the valve being opened, the valve can be manually opened by lateralization the upper
lateral cartilage. Either the Cottle maneuver (lateral traction on the cheek) or direct
lateralization by pushing the caudal end of the upper lateral cartilage with a cotton-
tipped applicator may be used. Nevertheless, it is commonly used as a gross indica-
tion of valve function and the need for spreader grafts in complicated cases. The
function and patency of the nasal valve are better assessed by direct visualization.
By gently retracting the nasal ala and probing the upper lateral cartilages using
the back end of a cotton-tipped applicator, static patency and pathology can be
assessed.

Nasal valve dysfunction is commonly found in rhinoplasty patients who have
undergone some degree of cephalic trimming of their lower lateral cartilages or
removal of a dorsal hump. Removal of a dorsal hump or the act of separating the
upper lateral cartilages from the septum disrupts the T configuration that the upper
lateral cartilages share with the dorsal septum. The upper lateral cartilages tend to
fall against the septum, closing the nasal valve. Externally, this is often associated
with an overly narrowed middle vault and an inverted ‘‘V’’ deformity as the caudal
edge of the nasal bones are brought into relief against a collapsed middle vault.
Nasal valve obstruction may also occur in some patients with naturally narrow noses
or deviated nasal bones or in rhinoplasty patients who have undergone lateral
osteotomies and infracture of their nasal bones. A medialized nasal bone may cause
secondary collapse of the nasal valve due to the rigid connection that the cephalic
upper lateral cartilages share with the caudal nasal bone. A closed or narrow valve
(static dysfunction) is the usual cause of nasal valve dysfunction and can be due to
septal deviation, medial displacement of the caudal upper lateral cartilages, or
scarring. Medialization of the upper lateral cartilages and scarring across the nasal
valve are common findings, especially in post-rhinoplasty patients.

Nasal alar obstruction is diagnosed when there is obstruction of airflow along
the nostril rim due to static abnormalities (deficient soft tissue, masses, or scarring)
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or dynamic alar collapse. Nasal alar dysfunction in patients undergoing primary or
revision rhinoplasty is often due to dynamic alar collapse upon moderate to brisk
inspiration (Fig. 16). This may occur in patients with thin alar sidewalls, overly pro-
jecting nasal tips, or slit-like nostrils.

ESSENTIALS OF RHINOPLASTY

Modern primary rhinoplasty is more complicated than the standard reduction rhino-
plasties of the past. Each case is tailored to achieve the goals of rhinoplasty that
reflect current trends including a natural, nonoperated look, a well-balanced nose
and face, a stable and permanent result, and a functional nose. The same surgical

Figure 16 Dynamic alar collapse (left) due to brisk inhalation. This patient had lack of

cartilaginous support due to cephalic malposition of the alar cartilage.
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maneuvers may result in different results in different noses. Facial analysis and an
awareness of a variety of surgical techniques and their potential outcomes are critical
to success. This individualized approach to modern rhinoplasty calls for a variety
of specialized techniques. Nevertheless, certain techniques are used commonly for
typical problems in patients seeking primary rhinoplasty. Most patients desire
reduction of a nasal hump and tip refinement. Minor changes in tip rotation and
projection may also be needed. Despite these seemingly simple goals, the pre-
operative analysis may uncover subtle problems that require techniques often con-
sidered to be advanced, such as grafting or suture modification of the lower lateral
cartilages.

Surgical access is also an important consideration. Although a typical primary
rhinoplasty can be done through a closed approach, many surgeons prefer an open
approach for wide access and teaching. Therefore, familiarity with a variety of
approaches and access incisions is required in basic rhinoplasty. After exposure of
the dorsum and tip is accomplished, the first decision with regard to surgical correc-
tions is whether to begin with the dorsum or the nasal tip. Traditional reduction rhi-
noplasty involved correcting the dorsum first with subsequent matching of the nasal
tip. This done routinely will result in an overly reduced nasal tip in many patients. In
general, it is better to begin with the more complex nasal tip and project it appropri-
ately before altering the nasal dorsum.

Surgical correction of the nasal tip (tip-plasty) calls for a variety of techniques
that are generally cartilage-sparing. Interrupted cartilage techniques, including dome
division, are usually avoided. Although increasing nasal projection may be a part of
the preoperative plan, it is accomplished by redistribution of cartilage within the
nasal framework, not by the use of cartilage grafts or radical cartilage techniques.
Nevertheless, some cartilage grafting may be used to improve tip definition (shield
grafts), improve tip stability and projection (columellar strut grafts), and to counter-
act the effects of nasal osteotomy and cartilage excision on the nasal valves (spreader
grafts).

Prior to working on the nasal dorsum, the projection of the nasal tip and
position of the radix must be established. If the radix and nasal tip are appropri-
ately projected and positioned preoperatively, and only tip refinement is planned, it
makes no difference whether the dorsum is treated (e.g., removal of the nasal
hump) before or after the nasal tip. Cosmetic improvement of the nasal dorsum
generally entails reducing the width of the upper and middle cartilaginous vaults
and correcting contour irregularities of the dorsum (e.g., eliminating a nasal
hump). Altering the projection and vertical position of the nasofrontal angle is also
considered. Reducing the widths of the upper and middle nasal vaults is accom-
plished by osteotomies within the upper third of the nose (bony vault). The firm
attachments of the cephalic upper lateral cartilages to the caudal nasal bones
ensure that medial movement of the nasal bones will also result in medial move-
ment (narrowing) of the upper lateral cartilages and middle nasal vault. Multiple
osteotomies may be required to accomplish the desired effect. The most common
osteotomies that simply narrow the nasal bones include the medial osteotomy
and the lateral osteotomy. If a dorsal hump has been removed, a so-called open
roof deformity is created and medial osteotomies are not required because the
medial aspects of the nasal bones are already released. Hence, in the typical pri-
mary rhinoplasty only lateral osteotomies are required.
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After tip-plasty, nasal dorsum work, and establishment of the radix, the nasal
valves are carefully examined. The nasal valves are often narrowed excessively due to
medialization of the upper lateral cartilages. Insertion of spreader grafts can reverse
this phenomenon by splinting open the nasal valves. A secondary effect of spreader
grafting is slight widening of the middle third of the nose (middle vault). This can
bring the middle and upper thirds of the nose into better balance while preventing
the operated look of an inverted V deformity.

Anesthesia

Rhinoplasty can be done under local anesthesia with sedation without difficulty.
Benzodiazepines (e.g., Diazepam 10–20mg) are given 1–2 h prior to surgery. Intrao-
perative sedative anesthesia (Propofol or Fentanyl) is administered in the presence of
a trained anesthesiologist. Locally injected anesthesia effectively desensitizes the nose
in preparation for rhinoplasty. Initially, cotton pledgets immersed in 2–4% cocaine
(or 1:10,000 epinephrine or an over-the-counter nasal decongestant) are inserted into
the nasal cavities. This causes intense vasoconstriction that improves access and
makes it less likely that the injectable anesthetic will be accidentally infused intravas-
cularly. The typical injectable anesthetic solution contains 1 or 2% lidocaine with
1:100,000 or 1:200,000 epinephrine. Specific nerve blocks may be performed but
the usual method is simply to inject the entire nasal dorsum and tip in the subcuta-
neous and submucosal planes. This results in complete anesthesia of the external
nasal branches of the infraorbital nerve, the infratrochlear nerves, and the external
nasal branches of the anterior ethmoidal nerves. The amount of anesthetic solution
should be limited so that minimal soft tissue distortion occurs; the entire nose can
usually be anesthetized with less than 2ml. Additional anesthetic may be needed
for the septum and turbinates. Ten to 15min should elapse prior to the first incision
to allow the epinephrine to cause maximal vasoconstriction.

Access Incisions

Several unique incisions are useful to expose and alter important structural ele-
ments in rhinoplasty (Fig. 17). It is essential to understand the nomenclature,
the secondary effects of the incision on the major and minor tip support mechan-
isms, and the role the incision has with regard to the overall surgical approach and
exposure.

Intercartilaginous

An intercartilaginous incision is placed between the cephalic border of the lateral
crus and the caudal border of the upper lateral cartilage. It disrupts the major
tip-supporting attachments of the lower lateral cartilage with the upper lateral
cartilage (scroll area). However, without resection of the cephalic border of the
lower lateral cartilage, there is no tissue void left after the incision and post-
operative healing rarely results in long-term loss of tip support. The intercartila-
ginous incision provides access to the entire middle and upper nasal vaults and,
through retrograde vestibular mucosal dissection, the cephalic aspect of the
lateral crus.
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Intracartilaginous (cartilage-splitting)

An intracartilaginous incision is made caudal to the cephalic border of the lateral
crus resulting in transection of the cartilage. This incision allows direct excision of
the desired amount of cartilage (cephalic border of the lateral crus) with minimal
manipulation of the surrounding tissue. The typical intracartilaginous incision will
result in a complete strip. This incision also disrupts the major tip-supporting
attachments of the lower lateral cartilages with the upper lateral cartilages (scroll
area). The impact of this incision on tip support and cephalic rotation is propor-
tional to the width of the cartilage excised and volume loss between the lateral crus
and caudal border of the upper lateral cartilages. Like the intercartilaginous inci-
sion, this incision provides access to the middle and upper nasal vaults. Drawbacks
to this incision include limited visualization of the lower lateral cartilage. Manip-
ulation and shaping of the cartilage are impeded and symmetry is difficult to
assess. Correction of boxy or bulky nasal tips is best performed through incisions
designed to deliver or fully expose the cartilages. Although an intercartilaginous

Figure 17 Various nasal access incisions including rim, marginal, intracartilaginous, and

intercartilaginous. The latter three incisions must follow the superolateral curvature of the
nasal ala and will deviate significantly from the nostril rim as one proceeds from medial to
lateral.
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incision is typically used to deliver the lower lateral cartilage, an intracartilaginous
incision can also be used.

Marginal

A full marginal incision is made along the entire caudal border of the lower lateral
cartilage. Additional incisions must be made to expose the cartilage since a marginal
incision alone will not be sufficient to expose any more than the caudal border of the
medial and lateral crura. A full marginal incision is combined with a transcolumellar
incision in the open rhinoplasty approach. A partial marginal incision encompassing
the lateral and middle crura is combined with an intercartilaginous incision in the
delivery approach for exposure of the medial and lateral crura. The caudal border
of the lateral crus does not follow the nostril rim but extends cephalically and is most
closely related to the cephalic border of the nasal vibrissae. When making a marginal
incision, whether for an open approach or to deliver the lower lateral cartilage, the
most critical area is at the soft triangle. If the marginal incision is brought too close
the nostril rim in this area, scar tissue may form and obliterate the concavity that
defines the soft triangle. The incision must follow the caudal aspect of the lower
lateral cartilage closely to avoid this complication. The marginal incision does not
disrupt any of the tip-support mechanisms.

Transcolumellar

A transcolumellar incision may be oriented vertically or horizontally. A vertical inci-
sion in the midcolumella is useful for the direct placement of columellar strut grafts.
It heals very well and leaves an insignificant scar. Several types of horizontally
oriented transcolumellar incisions can be used to approach the nasal septum and
nasal cartilages. The most common indication for a transcolumellar incision is for
external rhinoplasty, and it is usually in the form of a W or inverted V placed just
superior to the feet of the medial crura (midcolumellar). The incision is brought
around the medial crura to merge with the intranasal marginal incisions along the
caudal borders of the lower lateral cartilages. Combining the transcolumellar inci-
sion with the marginal incisions provides access to all of the structural elements
(hence the designation open structure rhinoplasty or simply open rhinoplasty).

Transfixion

A nasal transfixion incision is performed by passing a knife through-and-through the
membranous septum anterior to the septal angles. It is usually joined with an inter-
cartilaginous incision. If the transfixion is brought down to the medial crural feet it is
referred to as partial transfixion; if it is carried through the junction of the footplates
with the caudal septum (i.e., the medial crural feet are separated from the caudal sep-
tum) it is referred to as a full transfixion. A partial transfixion incision provides
enhanced exposure to the septal angle and dorsal septum while preserving the attach-
ment of the medial crural footplates to the caudal septum. A full (complete) trans-
fixion incision provides maximal exposure to the caudal septum but interrupts the
major tip-support mechanism provided by the connection of the footplates to the
caudal septum. A full transfixion incision may be combined with procedures
designed to attenuate the lateral crura to bring about retrodisplacement of the nasal
tip. A full transfixion incision (without fixation of the footplates to the caudal
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septum) will result in tip ptosis in some patients with otherwise normally projecting
nasal tips.

Modified Transfixion

A modified transfixion incision is used in rare cases or revisions when work is only
needed near the septal angle. It is commonly used as a surgical approach to either
reshape the angle due to pollybeak or place a graft for definition or projection. This
incision only extends 2–3mm inferior to the anterior septal angle.

Hemitransfixion

A hemitransfixion incision courses through the ipsilateral membranous septum only
without disrupting themedial crus. It ismost often used to approach the septumduring
routine septoplasty. A Killian incision is similar to a hemitransfixion incision except it
is made on the quadrilateral cartilage approximately 1 cm behind its caudal edge.

Alar Base (Nasal sill)

Sometimes it is necessary to narrow the nasal base, alae, or floor of the nasal vesti-
bule (nasal sill). The incision bridges the vestibular mucosa of the nasal sill and the
skin overlying the attachment of the ala to the base of the nose. A section of skin and
soft tissue of the medial ala is removed at the base and the ala is then sutured medi-
ally. A classic Weir incision involves removal of a crescent-shaped piece of ala in its
midportion by incisions created in the ala itself.

Closed vs. Open Approach

There are several methods to expose the nasal cartilages in rhinoplasty. Modern rhi-
noplastic surgery is performed through either a closed or an open approach. Closed
approaches utilize only transmucosal intranasal incisions while an open approach
uses a combination of transmucosal incisions and a transcutaneous (transcolumellar)
incision. Conventional practice is first to consider closed approaches because they
avoid cutaneous scarring, tend to be less time-consuming, and often require less
tissue undermining. Nevertheless, closed approaches tend to disrupt the major tip-
support mechanisms.

Closed approaches may involve manipulation of the cartilages in situ (i.e., non-
delivery) or exteriorization of the lower lateral cartilages (i.e., delivery). A nondeliv-
ery approach is least invasive and involves altering the upper lateral cartilage in situ
via an intercartilaginous or intracartilaginous incision. A complete strip procedure is
possible either through retrograde dissection of the vestibular mucosa from the lat-
eral crus or by directly incising the cephalic edge of the lateral crus through the ves-
tibular lining. Retrograde dissection is performed through an intercartilaginous
incision; direct cartilage excision is performed via the intracartilaginous incision.
Either method disrupts the upper lateral cartilage–lower lateral cartilage attachment
and results in tip rotation and a minor degree of loss of tip support. A nondelivery
approach is useful in patients who require only minimal tip rotation and some
volume reduction. Delivery of the lateral crus requires marginal and intercartilagi-
nous incisions. Dissection proceeds between the perichondrium and skin over the
dome and lateral aspect of the lateral crus. A cotton-tipped applicator or retractor
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is inserted into the pocket to evert the lateral crus and bring it into the nasal cavity.
Delivery of the lateral crus allows direct observation of the anatomical variations
that may be present. Cartilage delivery is indicated when the anatomy is unknown
or irregular, or if full access to the cartilage is necessary for the accurate placement
of sutures, struts, or contouring grafts. Correction of asymmetrical cartilages often
requires a delivery or external rhinoplasty approach. Techniques that often require
cartilage delivery or full visualization include interrupted cartilage techniques or pla-
cement of transdomal and interdomal sutures. This approach is ideal for patients
with slightly asymmetrical nasal tips and irregular lateral crura that require refine-
ment and rotation of the tip. Tip defatting and scar excision are also possible with
this approach.

Padovan introduced the open (external) rhinoplasty approach to North Amer-
ica in 1973 from France (19). After the transcolumellar and marginal incisions are
made, subcutaneous dissection proceeds raising the skin and SMAS off the perichon-
drium of the lower and middle thirds of the nose. The dissection plane over the nasal
tip and middle vault should remain submuscular (i.e., under the SMAS) to preserve
the blood supply to the skin and prevent skin necrosis over the nasal tip. As the
caudal aspect of the nasal bones is approached, the plane of dissection shifts to a
subperiosteal level. The entire nasal dorsum is exposed allowing direct visualiza-
tion and manipulation of the nasal cartilages, septum, and nasal bones (Fig. 18).
The septum may be exposed via a caudal or dorsal approach. The caudal approach
involves separation of the medial crura and dissection through the membranous sep-
tum to reach the caudal aspect of the nasal septum (Fig. 19). The dorsal approach
involves careful separation of the upper lateral cartilages usually starting at the sep-
tal angle and proceeding in a cephalic direction (Fig. 20). The medial aspects of the
upper lateral cartilages must be sharply separated from the dorsal septum with care
taken not to disrupt the underlying mucosa surrounding the nasal valves. Mucoper-
iosteal flaps may then be widely dissected to allow modification or removal of the
entire septum.

At the completion of the procedure, the medial crura may be sutured to the
caudal septum to re-establish this major tip support mechanism. In addition, a single
buried 4-0 chromic suture is used to approximate the transcolumellar incision in the
midline. Additional cutaneous sutures are placed along the lateral aspects of the
transcolumellar incision and along the marginal incisions within the nasal vestibule.
Carefully reapproximating the mucosal incision avoids healing irregularities and
covers grafts and cartilage sutures. Small intercartilaginous stab incisions can be
safely made to promote drainage, if necessary.

The primary indication for the external rhinoplasty approach is for improved
exposure of the nasal tip. It is useful in revisions when the operative anatomy of the
nasal tip is irregular or unknown; in cases of moderate to severe nasal bone or car-
tilage asymmetry (twisted nose); congenital malformations including cleft lip; and for
primary rhinoplasty that requires extensive tip alterations and grafts. Advantages of
the open approach include direct and accurate assessment and treatment of cartilage
and bone abnormalities, ease and accuracy of suture placement, direct access to the
nasal cartilaginous dorsum (including the quadrilateral septal cartilage), and teach-
ing. Direct visualization of the complex anatomy facilitates learning and mastery of
rhinoplasty. The disadvantages to the open approach include that it is more time-
consuming, cutaneous scarring, operative edema, subcutaneous scarring, and nasal
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tip anesthesia (temporary). The cutaneous (transcolumellar) scarring is of minimal
concern and, if properly performed, is rarely problematic.

THE NASAL TIP

In the typical rhinoplasty, trimming and suture modification of the lower lateral car-
tilages to improve the nasal tip are all that is needed. Overuse of grafts, interrupted

Figure 18 Exposure obtained through the open approach. Note the septal angle (A),
anatomical dome (B), alar cartilage (C), and upper lateral cartilage (D).
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Figure 19 Caudal approach to the nasal septum in an open rhinoplasty. Note the right
lower lateral cartilage (LLC) (A), caudal septum (B), and left LLC (B).

Figure 20 Dorsal approach to the nasal septum in an open rhinoplasty. Note the right ULC
(A), anterior septal angle (B), and left upper lateral cartilage (ULC) (B).
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strip procedures, and radical excisional techniques are to be avoided. Structural
grafts (e.g., columellar strut or lateral crural strut grafts) are being used more liber-
ally in primary rhinoplasty because minor postoperative warping and resorption
problems are less noticeable compared to surface grafts (e.g., tip onlay or shield
grafts), but are not the standard in uncomplicated cases (Fig. 21). Volume reduction,
cephalic rotation, and increase in definition are the most common objectives in nasal
tip surgery. These can be achieved using conservative complete strip procedures, lim-
ited morselization, and approximating suture techniques (Table 2).

The Lower Lateral Cartilages

Complete Strip

The lateral crura are often modified during nasal tip surgery to correct deformities or
increase tip definition (Fig. 22). The complete strip technique removes a portion of the
cephalic edge of the lower lateral cartilage (intermediate and lateral portions) leaving
a complete intact strip of cartilage laterally (Fig. 23). The strip, in all of these proce-
dures, refers to portion of cartilage that remains. This is the most common form of
volume reduction performed. It acts to reduce supratip fullness by removing the scroll
area of the lower lateral cartilage, narrow the tip at the dome, and create tip rotation
(albeit minimal). To preserve nasal support and minimize cephalic tip rotation, the
remaining cartilage strip should be at least 5mm in width (usually 8–10mm). Preser-
ving an adequate strip is essential to prevent postoperative complications including
asymmetrical healing, alar notching, and unpredictable cephalic rotation. Loss of
projection is usually not associated with this technique.

A complete strip procedure is possible through a retrograde (intracartilagi-
nous), delivery, or open approach. Retrograde dissection is performed through an
intercartilaginous incision and the delivery approach is performed via intercartilagi-
nous and marginal incisions. The intracartilaginous approach is used in cases where
the domes are not thought to be bifid and do not need modification, or when the tip
may be bulbous or just in need of thinning. Delivery is used when the anatomy is
unknown, irregular, or if full access to the cartilage is necessary for the accurate
placement of sutures, struts, and contouring grafts. Of course, an external rhino-
plasty approach may also be used and will provide a direct in-situ view of the entire
nasal skeleton including the lower lateral cartilages. The open approach is superior
in terms of diagnosis, ease of graft placement, and cartilage modification.

The retrograde approach should begin with the surgeon measuring the diameter
of the lower lateral cartilages on the vestibular side of the nostril. A decision is made
as to where the incision should be placed: remember to preserve at least 4–5mm car-
tilage. The incision is made through the vestibular skin and cartilage paralleling the
direction of the cartilage up to the dome internally. Converse scissors can be used to
dissect the cartilage away from its surrounding soft tissue through the incision as an
assistant puts gentle traction on the incised edge of vestibular mucosa. The cleaned
cartilage to be removed is then dissected from the vestibular mucosa with care taken
not to damage the lining. Once the cartilage is removed, the mucosa is replaced and
sutured back with 4–0 chromic gut sutures.

Marginal incisions are made at the edge of the lower lateral cartilages along the
vestibular lining paralleling the edge from lateral to medial, through the domal area.

768 Dolan



Figure 21 Example of a noticeable shield graft placed during primary rhinoplasty that was

later removed. Note the unwanted acute convexity under the arrow indicating the cephalic
aspect of the graft.
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A cotton-tipped applicator or Goldman groove director is inserted into the pocket to
evert the lateral crus and bring it into the nasal cavity. Delivery of the lateral crus
allows direct observation of the anatomical variations that may be present. At this
point a complete or rim strip procedure can be performed with removal of the super-
ior aspect of the lower lateral cartilage with precision. Correction of asymmetrical
cartilages often requires a delivery technique or external rhinoplasty approach. This
approach is ideal for patients with slightly asymmetrical nasal tips and irregular lat-
eral crura that require refinement and rotation of the tip. Tip defatting and scar exci-
sion are also possible.

Rim Strip

The cartilage incision that produces a rim strip extends from near the dome through
the lateral crus, posteriorly transecting its caudal margin (20). This procedure leads
to more pronounced changes in tip rotation and volume reduction. The incision par-
allels the nostril margin, leaving a large island of lateral crus superolaterally to be
resected. This results in a large structural void between the rim strip and caudal
upper lateral cartilage. It is usually performed through a delivery approach. Remov-
ing more cartilage near the dome produces greater cephalic rotation while removing
more cartilage posteriorly produces greater tip retrodisplacement. However, the
amount of tip retrodisplacement and cephalic rotation is often unpredictable and

Table 2 Surgical Modifications of the Lower Lateral Cartilage and Their Effects on Tip

Projection, Rotation, and Nasal Length

Projection

Cephalic

rotation Nasal length

Lateral Crura

and domes

Complete strip � þ �

Lateral crural flap � þþ ��
Rim strip � þþ ��
Morselization of dome þ=� þ=� �
Lateral crus division � þþþ ��
Dome division �� þþþþ ���
Goldman’s vertical dome
division and advancement

þþþ þþþ ���

Shield grafting þþ � þþ
Onlay grafting þþþ � þ
Marginal grafting � � þ
Cephalic interposition
grafting

þ �� þþ

Medial crura Columellar strut graft þþþ þ �
Plumping graft þ þ �
Lateral crural steal þþþ þþ ��
Septocolumellar sutures þ þ �
Suture approximation þ þ �
Full transfixion incision �� – �
Medial crural segmental
resection

��� – �
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problems with alar rim notching and irregularities are common. A rim strip is rarely
used except in cases requiring scar debulking to correct a severe pollybeak deformity
or in patients with thick skin that require marked cephalic rotation. It may be helpful
in cases when vertical dome division is not needed but rotation is desired.

Interrupted Strip

Goldman described vertical dome division over 40 years ago (21). He emphasized the
use of the medial crura in augmenting tip projection and narrowing the nasal tip by
recruiting cartilage from the lateral crura. The technique involves complete transec-
tion of the lateral crura just lateral to the dome including the underlying vestibular
mucosal, removal of the intervening connective tissue between the medial crura, and
suturing the medial crura and associated lateral crura remnants together in the mid-
line to form a projecting strut of cartilage beneath the tip lobule (Fig. 24). This pro-
cedure can be safely used in patients with relatively thick skin in which the cut edges
of the cartilage will be adequately camouflaged. The lateral crus should be divided
no more than 3mm lateral to the anatomical dome. This maneuver will result in sig-
nificant cephalic tip rotation while avoiding asymmetrical healing and scar contrac-
ture over the more vulnerable medial areas. Problems include borrowing too much of
the lateral crura, which will create a pinched appearance to the nasal tip; unpredict-
able healing, often leading to an asymmetrical tip, cartilage bosses; alar notching;
and undesirable pronounced cephalic rotation of the tip. Routine use of this
procedure to increase projection and narrow the nasal tip has been abandoned.

Figure 22 Preoperative and postoperative views of a patient undergoing complete strip to
better define the nasal tip. The patient had a bulbous nasal tip with fullness apparent in the

supratip lobule (left photo). After conservative trimming of the cephalic upper lateral
cartilages, the bulbosity and fullness are significantly improved (right photo).
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The procedure is nevertheless used in selected cases of boxy tips, ptotic tips, so-called
closed noses in which the columella–labia angle is acute, foreshortened columella,
and in patients with thick skin (ethnic rhinoplasty). There is still controversy between
proponents of Goldman’s tip division technique and the more modern techniques
that involve suture modification and cartilage grafting.

Morselization

Morselizing the lower lateral cartilages, although not commonplace, is a good
method for refining misshapen cartilages. Morselization can aid in smoothing out
lateral crura bosses as well as domal irregularities prior to suturing. The technique
involves using a guarded morselizer. The guard should be placed on the mucosal side
of the cartilage to prevent destruction of the underlying soft tissue. If the cartilage
has been dissected away from its mucosal attachments, as in the lateral crural flap
or steal procedures, then the morselizer need not be guarded.

Suture Modifications

Although sutures may be required to stabilize altered cartilages or to secure grafts,
they are also capable of bringing about significant structural changes, especially in

Figure 23 A variety of common incisional and excisional techniques are useful in shaping
and rotating the nasal tip. A complete strip leaves the majority of the alar cartilage intact,
trimming away an appropriate portion to improve tip definition and reduce fullness in the
supratip lobule. A rim strip only leaves a remnant (rim) of alar cartilage, resulting in

significant cephalic rotation of the nasal tip and reduced fullness in the supratip lobule and
lateral aspect of the nose. An interrupted strip entails an incision or excision of cartilage along
the alar cartilage or lobule. Depending on where the interrupted strip is placed along the

cartilage, there can be minor cephalic rotation (lateral cut) or major cephalic rotation and
dome sharpening (medial cut). An interrupted strip is sometimes combined with a complete
strip to weaken the cartilage further. This is useful in cases of extremely boxy and bulbous tips

with resilient cartilages. A lateral cural flap is useful to achieve a measure degree of cephalic
rotation with more predictable postoperative healing.
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the lower lateral cartilages and nasal tip. Most commonly, sutures are useful to change
a trapezoidal tip into a more rounded configuration by bringing the domes into appo-
sition, effacing bosselation and boxiness, and refining the overlying soft tissue.

Single Dome-Binding Suture (transdomal)

A single dome-binding stitch entails placing a stitch of 4–0 chromic PDS (Ethicon,
NJ) in a mattress pattern through the domes to bring them together (23). The knot
should be buried between the domes so that they will be encased in the soft tissue
scar postoperatively. This stitch is used most commonly in cases of boxy or amor-
phous tips and rounded tip and dome cartilages. The dome angle is left intact but

Figure 24 Goldman’s vertical dome division. Note that the medial aspects of the lateral
crura are recruited to enhance nasal projection.
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the lobule is narrowed and refined. It is preferable to maintain the integrity of the
lateral crura by limiting cartilage work to a complete strip, thus enhancing support
of the nasal tip.

Double Dome-Binding Suture (Transdomal and Interdomal)

The double dome-binding suture involves three separate stitches used to create a dome
on each lower lateral cartilage and a third stitch to bind them in the midline (24). The
dome stitches act to make a distinctive knuckle of cartilage to act as a new dome. This
technique is useful in cases of bifid and boxy tips, asymmetrical tips, long intermediate
crura with lack of dome definition, and tips with poor structural support.

Double-dome sutures can be used in intact or interrupted units. The intact
method involves simply placing the stitches without cartilage incision or division.
The interrupted method involves dividing the newly formed dome through the car-
tilage but not through the underlying vestibular mucosa. This creates greater nar-
rowing of the domal segment and refinement of the lobule. The height of the
lobule can be reduced by systematic incision of the cartilages and trimming of the
cut edges. Overall, the technique produces predictable rotation and projection
changes, enhanced stability of the tripod, and, with the use of columella or tip grafts,
more exact refinement of the lobule complex.

Basic Grafting

Spreader Grafts

Spreader grafts are effective in widening the nasal valve and improving nasal air-
flow (5). The grafts are harvested from the conchal bowl or septum and typically
measure 2.5 cm in length, 3mm in height, and 2mm in thickness. An endonasal or
open rhinoplasty approach can be used for graft placement. The endonasal
approach requires a separate submucoperichondrial pocket along the nasal dorsum
through an access incision on the anterior caudal septum, anterior to the nasal
valve. The graft is inserted into the pocket and the incision is closed with a single
stitch of absorbable suture. The open rhinoplasty approach involves creating a
dorsal incision between the upper lateral cartilages along the dorsal septum begin-
ning near the anterior septal angle. Submucoperichondrial dissection proceeds to
separate the upper lateral cartilages from the septum creating a crib for the graft.
Usually, one graft is placed on either side of the septum and secured with 5–0 PDS
horizontal mattress sutures that pass through the upper lateral cartilages, grafts,
and septum.

Placement through a dorsal approach is usually indicated in patients already
undergoing open rhinoplasty. Separation and dorsal trimming of the upper lateral
cartilages and septum are usually already done, revealing the space into which the
spreader graft will be placed. It is essential that the underlying mucosa be preserved
as much as possible to prevent scarring in the area of the valve. The graft is inset into
the space between the upper lateral cartilages and septum and is sutured into posi-
tion. Aside from opening the nasal valves, spreader grafts can be used to lengthen
a short nose, camouflage or redirect a twisted nose, and widen a narrow nose. Slight
widening of the dorsal middle vault is to be expected when spreader grafts are used,
and the patient should be informed of this preoperatively.
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Columellar Strut Graft

A columellar strut is a straight rectangular graft that usually measures 5mm wide,
20mm long, and 2mm thick. It functions as a rigid support within the columella
and provides superb, precise tip projection and partial rotation. The best source is
the septum along the maxillary crest or perpendicular plate of the ethmoid. It is
inserted between the medial crura and domes from a surgically created cradle ante-
rosuperior to the anterior nasal spine. The graft is positioned between the medial
crura inferior to the domes of the lower lateral cartilages. The strut can be placed
through several types of incisions including marginal, vertical columellar, intraoral,
and (most precisely) through the open rhinoplasty approach. It is fixed to the
medial crura with two or three buried 5–0 PDS sutures to project the tip to the
desired position.

A columellar strut graft can stabilize a poorly supported tip and is a useful
adjunct in combination with other grafting procedures to provide a stable cartilagi-
nous framework that will resist the forces of scar contracture. Strut grafts provide
for a variable degree of cephalic rotation depending on the extent of surgical
attenuation or suspension of the lateral crural component of the tripod. To max-
imize the effect of the columellar strut graft for tip projection, the depressor
septi should be divided near the base of the columella. Problems associated with
the graft include reduced mobility of the nasal tip in the early postoperative period,
improper positioning causing an obtuse nasolabial angle, buckling of the medial
crura due to too large a pocket being created, and unfavorable appearance of the
columella.

Shield Graft

A shield graft is a triangular flat or slightly convex piece of cartilage originally
designed to recreate the domal tip-defining points in revision rhinoplasty. The graft
is designed with two points representing the new domes tapering inferiorly toward
the midcolumella. The inferior aspect of the graft enhances the columella–lobule
angle and provides the appearance of an aesthetic double break. Shield grafts are
mainly used to rebuild deficient or extremely irregular domes in secondary rhino-
plasty and should only rarely be used in primary rhinoplasty cases unless the domes
are extremely attenuated. They can be used to assist in lengthening a short nose, with
little or no effect on cephalic rotation. A shield graft, like any other surface or onlay
graft, should be used with caution in patients with thin skin. The edges of these grafts
should always be tapered and sutured into position with buried mattress 5–0 PDS
sutures. Placing the graft via an open rhinoplasty approach ensures accurate place-
ment and ease of suturing.

Stacking tapered rectangular-shaped onlay grafts directly over the domes can
create a more dramatic increase in nasal projection. The horizontal extent of an
onlay graft should be sufficient to cover the domes and the interdomal areas. The
width of the grafts should approximate the width of the intermediate and lateral
crura. Conchal cartilage is ideal because of its inherent gentle curvature. The concave
side is placed down and its edges are tapered. The grafts may be placed via a rim
incision into a pocket or directly sutured into place via an open rhinoplasty
approach.

Basic Rhinoplasty 775



Changing Nasal Rotation

Other than correcting anatomical abnormalities of the tip cartilages, the one major
objective of tip-plasty is correcting abnormalities of projection and rotation. Nasal
tip projection and rotation are intimately related to one another and are a function
of the placement and structure of the lower lateral cartilages. The degree of projec-
tion and rotation is predictable based on the type and extent of surgical modification
to the lateral crura and domes (Table 2). Conservative tip techniques (complete strip,
single dome binding suture) will lead to predictable results with few adverse sequelae.
The complete strip procedure is the workhorse of tradition tip-plasty and more radi-
cal procedures should be considered only in the hands of experienced surgeons.

Often only the illusion of projection or rotation is actually achieved. Although
the tip-plasty techniques described will create some degree of actual projection and
rotation, several adjunctive techniques will give the illusion of nasal tip rotation. For
example, nasolabial cartilage plumping grafts will appear to increase tip rotation
while dorsal and tip grafts will appear to decrease tip rotation. The grafts may be
cartilage or synthetic material. Synthetics such as Gore-Tex (Gore and Associates,
Flagstaff, AZ) are used as a plumping graft because of their deep location and thick
soft tissue cover.

Appreciating the intimate relationship between rotation and projection is vital
to a successful outcome. The relationship can be explained by the tripod concept
(Fig. 25). If all three legs are shortened then tip retrodisplacement occurs. Shortening
or weakening the lateral crural legs and augmenting the medial crural component
will cause the nasal tip to project and rotate upwards while opening the nasolabial
angle. To attain an actual decrease in tip rotation it will be necessary to augment
the lateral crural legs with interposition grafts (cartilage-only or composite grafts).
If the medial crural leg is also shortened, the tip will fall forward and lose projection
without much rotational change.

Several advanced procedures designed to increase tip projection will also
result in some degree of cephalic rotation. For example, columellar struts, plump-
ing grafts, and the lateral crural steal technique will result in mild to moderate
degrees of cephalic rotation secondary to lengthening the medial crural compo-
nent of the tripod. However, several basic techniques that improve tip definition
(refinement and narrowing) will also result in cephalic rotation including the com-
plete strip, rim strip, and dome division techniques. Procedures designed speci-
fically to address the problem of tip ptosis include the use of the lateral crural
flap, lateral crural steal, and several techniques that involve division of the
lateral crura.

Changing Nasal Projection

Several techniques are available to increase nasal projection. Simple techniques
described above can be employed that will increase tip projection without the use
of grafting materials. Vertical dome division and single- or double-dome binding
stitches are most commonly used for this purpose (Fig. 26).

Augmenting the medial crura is the primary method by which an increase in
nasal projection is attained. Modification of the existing cartilaginous framework
involves special suturing techniques alone or in combination with surgical
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Figure 25 The nasal tip can be likened to a camera tripod, with the three legs represented by

the lateral crura and conjoined medial crura. Shortening or lengthening the legs will rotate or
project the tip in a predictable fashion based on the tripod concept.

Figure 26 Preoperative (left photo) and postoperative (right photo) three-quarter views of a
patient who underwent vertical dome division to increase nasal tip rotation.
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modification of the lower lateral cartilages and grafts. Suturing alone can result in
modest increases in tip projection such as suture approximation of the medial crura,
septocolumellar sutures, or transdomal sutures. Suture approximation of divergent
medial crural footplates will result in modest lengthening and an increase in projec-
tion. The technique involves first removing the intervening soft tissue and placing
one or two buried 5–0 PDS mattress sutures to cinch the footplates together. Septo-
columellar sutures are placed between the caudal nasal septum and the medial crura
at slightly divergent levels to lift the tip. Transdomal and interdomal sutures are use-
ful to increase tip definition and projection. Transdomal sutures placed through the
domes enhance the tip-defining points of each dome. The interdomal suture is placed
below the transdomal sutures in a buried mattress fashion through-and-through the
domes. This results in narrowing the tip and a minor increase in projection.

A variety of grafting techniques will also increase nasal projection. The major-
ity are cartilage grafts obtained from the septum or conchal bowl. Plumping grafts
are used for premaxillary augmentation and are inserted directly behind the nasola-
bial angle. The main effect of a plumping graft is to open the nasolabial angle. The
secondary effects are creating the illusion of cephalic rotation and a modest increase
in nasal projection.

A shield graft will moderately enhance nasal projection while providing for
new tip-defining points. It will not result in cephalic tip rotation. A columellar strut
graft will increase nasal projection and provide increased stability to the nasal tip to
resist scar contracture during healing. A strut graft will result in cephalic rotation of
the nasal tip especially if the lateral crura are attenuated.

Decreasing tip projection is easier than increasing it. The nose can actually be
shortened or the illusion of shortening can be obtained. Rim strip and complete strip
procedures are the most useful and easiest ways to cause tip retrodisplacement, but
the degree of cephalic rotation associated with these procedures may be undesirable.
Removal of the dorsal hump will also give the illusion of tip retrodisplacement,
although measurements have shown that the tip does not actually shorten. Actual
shortening can be accomplished by directly excising a segment of medial crura.
Along with attenuation of the lateral crural components, significant tip retrodispla-
cement will occur (Fig. 27). Vertical dome division can also be used for deprojection.
Rather that stealing from the lateral crura and creating a new dome with lateral
crura cartilage to enhance projection, this portion of crura can be resected and a
new dome created at the level of the intermediate crura.

The Nasal Dorsum

Taking the Hump

A nasal hump is usually the result of a prominent convexity involving both the lower
bony and upper cartilaginous vaults (Fig. 28). A mild convexity to these structures is
necessary to achieve a straight nasal profile because the skin over the rhinion is thin
relative to the skin over the root of the nose and the nasal tip. Surgical creation of a
perfectly straight cartilaginous and bony platform would result in a scooped out
appearance (concavity) along the nasal dorsum after the skin envelope is replaced
(Fig. 29). The classic method of hump removal involves excision of the cartilaginous
and bony components en bloc up to the intercanthal line. Heavy scissors are used to
plane off the anterior cartilaginous dorsum up to the nasal bones. A straight
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osteotome is then inserted against the caudal nasal bones along the line of cartilage
excision. The osteotome is advanced through both nasal bones and is deflected ante-
riorly by the gradual thickening of the nasal bones, usually disengaging about the
level of the intercanthal line. The hump is thus removed as an intact unit consisting
of the anterior caudal nasal bones and upper dorsal quadrilateral cartilage. After the
hump is removed, the nose is unroofed to reveal the free edges of the nasal bones,
perpendicular ethmoid plate, upper lateral cartilages, and quadrilateral cartilage.

Figure 27 Decreasing nasal tip projection through segmental resection of tip cartilages. By
shortening all three legs of the tripod, there will be an incremental decrease in nasal tip
projection. Rotation will also occur but will be less pronounced.

Figure 28 Preoperative and postoperative views of a patient with resection of a prominent
nasal hump.
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Figure 29 Maintenance of a convex osseocartilaginous dorsum is required to achieve the
appearance of a straight dorsum due to the differing skin thicknesses along the nasal dorsum.
Note that the skin over the mid-dorsum is quite thin. To achieve an apparently straight

dorsum, the underlying bone must kept slightly convex after removal of a nasal hump.
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The underlying mucosa is also disrupted so that the nasal contents are visible. Clo-
sure of the open roof requires lateral osteotomies that allow the nasal bones and
upper lateral cartilages to fall toward the midline. If the ethmoidal perpendicular
plate is deviated it must be partially removed or straightened to allow the nasal
bones to close the midline gap fully. Medialization of the upper lateral cartilages
occurs because they are firmly attached to the nasal bones.

Refinements to the classic method of hump removal have been reported since
Joseph’s original description in 1931. An extramucosal hump removal is commonly
used today to preserve the integrity of the mucosa in the upper nasal vault. The tech-
nique involves sharp dorsal division of the upper lateral cartilages from the dorsal
septum and careful dissection of the underlying mucosa away from the proposed
area of cartilage excision. The dorsal quadrilateral cartilage is excised as needed fol-
lowed by appropriate reduction of the bony pyramid using a rasp or osteotome.
Despite the popularity of this method, significant problems may be encountered
when the hump is excised. The exposed sharp edges of the nasal bones, perpendicular
ethmoid plate, and septum may cause contour irregularities over the nasal dorsum
that are difficult to camouflage, especially in patients with thin skin. Disruption of
the T configuration and excessive medialization of the upper lateral cartilages may
result in excessive narrowing of the middle vault, an inverted V deformity, and nasal
valve obstruction. Several alternative methods of hump removal have been pro-
posed. Most notably, Cottle in 1954 described a mucosal-sparing technique of
‘‘pushing down’’ the hump after intermediate and lateral osteotomies and excision
of a cephalodorsal strip of septum. Skoog in 1966 described a technique to restore
the nasal roof and eliminate the sharp edges of the osteotomized nasal bones by
replacing the intact osseocartilaginous components of the hump. The hump, once
removed, is trimmed, straightened, and replaced as a free graft. This is a useful con-
cept because it may occasionally be necessary to replace a portion of an excised
hump following an overly aggressive application of the classic method.

The Skoog technique (removal and replacement of the hump) is rarely used
today. Most rhinoplastic surgeons are not adept at removing the cartilage and bony
hump en bloc. Most prefer an alteration of the method called the double hump
deformity. The incisions are the same. Intercartilaginous incisions and transfixion
incisions are made to deglove the nose. The upper lateral cartilages are separated
from the septum sharply, sparing mucosa if possible. The cartilaginous hump is
removed to the surgeon’s satisfaction. This creates the double hump deformity in
which the first hump is actually the tip and the second is the remaining bony hump.
It looks somewhat like a camel back. At this point, the bony hump can be removed
by a number of methods. Rasping is an easy but time-consuming method, but it pro-
duces definable results and is safe in the hands of inexperienced surgeons. Prior to
rasping, the periosteum should be elevated and rasping should be performed subper-
iosteally if possible. While rasping, it is important to use the rasp intermittently with
the teeth pointing towards the skin to sweep away residual bone fragments gently.
Remaining bone fragments can create a foreign body reaction or act as a nidus
for neo-osteogenesis, creating a new bony hump or bony nubbins postoperatively.
Coarse rasps (no. 6 or 8) are used first to remove a large portion of bone, followed
by finer rasps in the final stages. The other popular technique is to use a straight
guarded or unguarded osteotome. Large humps, especially those that extend into
the nasofrontal area, can be removed en bloc. Precise placement and guidance of
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the osteotome are essential to avoid removing too much tissue. A fine rasp is used to
smooth the free edges of the nasal bones after hump removal using an osteotome.
Excessive removal of tissue will leave the patient with a low-set nasofrontal angle
and foreshortening of the nose. If too much bone is removed, do not attempt to cor-
rect it by resecting more dorsal septum or tip to match the over-resected dorsum.
Immediate grafting is indicated usually with a portion of the removed piece.

At the conclusion of hump removal, the finger test should be performed. This
involves placing an index finger at the base of the columella and pressing inferiorly
towards the nasal spine. If the septal angle becomes visible upon pressing, there is a
possibility of a pollybeak postoperatively. Further resection of the septal angle, sep-
tal dorsum, or both should be considered. Finally, the overprojecting dorsal edges of
the upper lateral cartilages should be trimmed to lie in line with the nasal dorsum.
Medialization of the upper and middle nasal vaults is necessary to close the open
roof. This is accomplished using standard osteotomies.

Osteotomies and Narrowing the Nasal Dorsum

An osteotomy (Fig. 30) may be accomplished with a variety of osteotomes, saws, or
powered instrumentation. The curved or straight, guarded or unguarded, osteotomes
are most frequently used. Once the hump is removed some surgeons choose to per-
form tip-plasty, while others choose to finish the nasal pyramid work by performing

Figure 30 Medial and lateral osteotomies demonstrated on a skull. Note that medial
osteotomies begin at the midline of the nasal bones and proceed in a superolateral direction at

a 40 degree angle (left photo). Lateral and medial osteotomies are demonstrated in the photo
on the right. Note how the lateral osteotomy begins high along the pyriform aperture and
travels primarily through the ascending process of the maxilla.
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osteotomies to close the open roof (the gap between the nasal bones created by
removing the hump).

LateralOsteotomy. Reducing the width of the bony nasal dorsum is a compo-
nent of most cosmetic rhinoplasties (Fig. 31). Infracture of the nasal bones becomes a
necessity when removal of the bony component of a nasal hump leaves the dorsal
aspect of the nasal bones separated (i.e., an open roof deformity). Low lateral osteo-
tomies allow the nasal bones and a portion of the frontal processes of the maxillae to
move toward each other, closing the open roof and narrowing the nasal dorsum. A
low lateral osteotomy lies within the nasofacial groove in the substance of the frontal
process of the maxilla. The osteotomy is gently curved and designed to preserve the
piriform aperture (i.e., ‘‘high–low–high’’ osteotomy). Superiorly, the osteotomy
curves medially across the nasomaxillary suture as it begins to meet resistance at
the intercanthal line where the nasal bones thicken. The superomedial nasal bone is
not usually osteotomized but is fractured secondarily with light pressure. It is impor-
tant that the initial greenstick fracture created by finger pressure at the nasion be com-
plete, otherwise the bones can float and lateralize during healing and create an open
roof deformity. Other problems include a shelf effect laterally if the osteotome is
placed too high along the nasal bones, and rocker deformity. Rocker deformity is pre-
sent if the osteotomy was incomplete and the nasal bone teeters as pressure is applied
to its inferior or superior edge. Repeat intermediate and low lateral osteotomies with
or without overlay camouflage grafts may be required for correction.

A lateral osteotomy may be done via either an intranasal or a transcutaneous
approach. Despite improved exposure in an external rhinoplasty approach, lateral

Figure 31 Narrowing the nasal dorsum and restoring aesthetic nasociliary lines. Note that

the patient presented with a severely deviated and widened nasal dorsum. Symmetrical
nasociliary lines were restored by correcting the deviation and narrowing the bridge of the nose.
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osteotomies are still performed the traditional way (i.e., intranasal or transcuta-
neous). An intranasal approach is more popular and consists of making a stab inci-
sion at the pyriform aperture within the nasal vestibule to allow insertion and
advancement of a guarded 2–4mm osteotome. The osteotomy is continuous, cutting
through bone and periosteum. Despite the guard being turned intranasally, mucosal
injury and tearing are seen in most cases (25). The transcutaneous technique involves
creating a stab incision along the nasofacial groove at the level of the infraorbital
rim. A 2mm unguarded osteotome is inserted and the bone and periosteum are
perforated at closely spaced noncontiguous points along the nasofacial groove.
The transcutaneous approach possesses several advantages over the intranasal
approach including that the intranasal mucosa is rarely injured, the fracture seg-
ments are more stable since the periosteum is not completely disrupted, less ecchy-
mosis and edema, more accuracy, and greater ability to create a controlled
osteotomy along the nasal root. The major drawback to the transcutaneous
approach is obvious cutaneous scarring but this is uncommon.

Medial Osteotomy. Medial osteotomies are bone cuts along each side of the
perpendicular plate of the ethmoid about two-thirds the length of the nasal bones.
If medial osteotomies are planned, they are always completed prior to other planned
osteotomies. A 5mm straight osteotome is introduced between the cephalic medial
border of the ipsilateral upper lateral cartilage and dorsal septum and advanced
through the ipsilateral nasal bone. At the level of the canthus the osteotome is direc-
ted laterally to meet up with the previous (or to-be created) lateral osteotomy. This
lateral extension of the medial osteotomy has been termed an oblique osteotomy but
it is just the superior extension of a medial osteotomy as previously stated. The
opposite side is done in an identical manner leaving a 2mm wide midline longitudi-
nal portion of nasal bone supported by the underlying perpendicular plate of the eth-
moid. Medial osteotomies are typically useful in three situations: to create a midline
release of the nasal bones to allow fracture after lateral osteotomies in the absence of
an open roof, to allow a more controlled removal of the dorsal bony hump in open
rhinoplasty, and to complete the release of the nasal bones cephalically to allow
infracture in the presence of an open roof and lateral osteotomies. It is also used
in cases where bony hump removal was not done by a sharp osteotome but by
rasping. Rasping will smooth the dorsum and remove the hump but usually does
not completely create an open roof. The medial osteotomy is used to complete the
procedure and create the open roof needed so that infracture of the nasal bones
can be accomplished after lateral osteotomies. If the procedure is performed impro-
perly, the perpendicular plate of the ethmoid may be fractured and dislocated, which
may result in an immediate saddle deformity. This should be corrected immediately
with grafting or splinting.

Intermediate Osteotomy. An intermediate osteotomy is performed similarly
to a lateral osteotomy. It is used when there is a previous nasal fracture and por-
tions of the fractured nasal bone are abnormally positioned, when a rocker defor-
mity has occurred during lateral osteotomy, or in the presence of nasal horns that
are protuberances of nasal bone in the midportion of the bone. If rasping does not
efface the horn, an intermediate osteotomy is useful. This osteotomy is used in
conjunction with the other two and should not be used as the sole means to infrac-
ture the nose.
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Establishing the Radix

Movement of the radix is performed to change the depth or angle of the naso-
frontal angle. This correction is usually a byproduct of hump removal. However,
in some cases movement of the radix is necessary either to lengthen or shorten
the nasal dorsum. It is rarely necessary in primary rhinoplasty in white patients
but may play a prominent role in cases of revision rhinoplasty and in patients
of other races. A prominent radix will usually be displaced superiorly along
the nasal dorsum of the nose and a deep-set radix is often displaced inferiorly.
Rasping or removal of bone is usually required to deepen and lower the
radix and grafting is required to efface and raise the radix. Movement of the
radix in a purely posterior direction (retrodisplacement) requires removal of bone
and soft tissue from both the nasal and frontal components of the nasofrontal
angle. Anterosuperior displacement of the radix opens the nasofrontal angle,
lengthens the nose, and gives the illusion of decreased projection of the nasal
tip. Posteroinferior displacement of the radix makes the nasofrontal angle more
acute, shortens the nasal dorsum, and gives the illusion of increased projection
of the nasal tip.

FUNCTIONAL SURGERY

The Nasal Valve

Nasal obstruction due to narrowing at the nasal valve area is a commonly over-
looked problem before and after rhinoplasty. Typical abnormalities leading to nasal
obstruction that involve the nasal valve area include collapse of the upper lateral car-
tilages, nasal bone deviation, septal deviation or thickening near the nasal valve, tur-
binate hypertrophy, scarring, and iatrogenic medialization or attenuation of the
lateral crura.

Collapse of the Upper Lateral Cartilages and Nasal Bone Deviation

Static nasal valve dysfunction due to collapse of the upper lateral cartilages and med-
ialization is most commonly corrected by the use of cartilage grafts. Deviated nasal
bones may also cause medialization of the upper lateral cartilage and nasal valve
narrowing. In some cases, repositioning the nasal bones by osteotomy may result
in lateralization of the upper lateral cartilage and opening of the nasal valve. If
osteotomies are planned, they should be performed prior to the more direct remedial
techniques such as cartilage grafting or suture suspension.

The spreader graft is a very effective method to widen the nasal valve and
improve airflow (Fig. 32). Usually two grafts are placed: one on each side of the sep-
tum. The grafts are held in place using 5–0 PDS horizontal mattress sutures that pass
through the upper lateral cartilages, grafts, and the septum. In addition, flaring
sutures can be placed to stent the nasal valve open. A flaring suture is placed in a
horizontal fashion into the caudal lateral portion of each upper lateral cartilage
and tied across the midline. Slight nasal widening along the dorsal middle vault is
to be expected when spreader grafts are used and the patient should be informed
of this preoperatively.

Basic Rhinoplasty 785



A splay graft spans the nasal dorsum under the upper lateral cartilages to rein-
force the cartilage, stent open the nasal valves, and widen the middle nasal vault (26).
The graft is harvested from the conchal bowl to take advantage of the natural cur-
vature and inherent spring in the cartilage. A splay graft can be more effective than a
spreader graft when the upper lateral cartilages are greatly attenuated. However,
splay grafts cause more dramatic widening of the middle nasal vault. The technique
involves placing the graft over the septum (convex side up) and under each upper
lateral cartilage, which is best done via an open rhinoplasty approach. The mucoper-
ichondrium must be dissected carefully away from the septum and the undersurface
of the upper lateral cartilages. The dissection is tedious and small perforations are
common but will not affect the viability of the graft. After the dissection is com-
pleted, a pocket is created that will accept the graft. The septum will be the fulcrum
point of the graft and should be lowered in selected cases. The cartilage graft will
extend to the lateral border of the upper lateral cartilages or to the pyriform aper-
tures, depending on the desired affect.

Figure 32 Correction of nasal valve narrowing using a spreader graft via an endonasal

approach. A cartilage strip measuring approximately 2 cm long by 4mm wide is placed within
a submucoperiosteal pocket along the dorsal septum to lateralize the upper lateral cartilage
and stent the nasal valve open. A. The septum is lying directly against the ULC, indicating a

static nasal valve narrowing. B. A freer elevator is inserted into a submucoperiosteal pocket
along the dorsal septum (solid arrow), thereby lateralizing the upper lateral cartilage (hollow
arrow). C. A cartilage strip is inserted into the pocket (arrow). D. Final result indicating an

open nasal valve.
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Nasal valve suspension involves suture-suspending the lateral nasal wall and lat-
eral crus to the maxilla (27). A nonabsorbable suture is passed through a subciliary or
transconjunctival incision just above the maxillary periosteum through the lateral
crus and into the nose. The suture is again passed from the nose approximately
5mm separated from the original pass through the lateral crus toward the inferior
orbital rim. As the suture is pulled taught, the lateral nasal wall is lateralized and
opens the nasal valve. The suture may be secured to the periosteum under the inferior
orbital rim by passing it through the periosteum, around a screw, or through a drill
hole. This method has only recently been described and the permanence of the
procedure is unknown. There may be significant widening of the lateral nasal subunit;
this method will not work well in the presence of lateral nasal scarring or soft tissue
deficiency.

Conservative resection of the caudal upper lateral cartilage is effective for
excessive scrolling, deviations, or thickening that result in narrowing of the nasal
valve (28). It avoids widening the middle nasal vault. The procedure is performed
through an intercartilaginous incision, exposing the caudal surface of the upper lat-
eral cartilage. The mucosa from the undersurface of the upper lateral cartilage must
be dissected away. This is the most tedious portion of the procedure. After the caudal
3–4mm of the upper lateral cartilage is exposed, a triangular portion is excised. The
base of the triangle corresponds to the lateral aspect of the upper lateral cartilage
preserving the articulation of the upper lateral cartilage with the dorsal septum.
The removed cartilage represents the abnormally thickened or deviated portion of
the upper lateral cartilage causing the obstruction at the nasal valve. The full thick-
ness of the mucosa is reapproximated using interrupted absorbable suture. This re-
establishes the connection between the caudal upper lateral cartilage and the cephalic
border of the lower lateral cartilage, pulling the upper lateral cartilage laterally and
opening the valve.

Septal Deviation=Thickening

Minor septal deviations or pathological septal thickening in the area of the nasal
valve can be corrected by selective thinning (shaving) with a scalpel or by lateraliza-
tion of the upper lateral cartilage. Scoring the cartilage may be effective in some
cases but this technique tends to weaken the cartilage and may not adequately cor-
rect the problem.

Moderate and severe septal deviations may also cause deviation of the nasal dor-
sum below the level of the rhinion. Straightening the dorsocaudal strut may be all
that is necessary to correct the external nasal deformity and open the nasal valve.
However, correcting a substantial septal deviation in this area is very difficult using
standard septoplasty techniques. An open rhinoplasty approach is best in these situa-
tions and will allow selective resection of the upper lateral cartilages and septum, and
cartilage grafting. Total removal of the dorsocaudal strut and correction on a back
table using cartilage grafts may be necessary. After the dorsocaudal strut is reformed
and strengthened, it is replaced and suture-fixated to the upper and lower lateral
cartilages.

Turbinate Hypertrophy

The anterior one-third (head) of the inferior turbinate is an important component of
the nasal valve area that must be considered in the diagnosis and treatment of nasal
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obstruction. Turbinate reduction may be achieved through medical or various forms
of surgical management. Medical management should be attempted prior to any
form of surgical management. Long-term pharmacological modalities include
inhaled steroids, injected steroids, anticholinergics, and cromolyn sodium. The rela-
tive benefits of these treatments are unclear, but for patients with allergy and non-
allergy-related turbinate hypertrophy, inhaled steroids can be effective. Turbinate
steroid injection is also effective but may last only a few months. Patients whose
condition does not respond to these medical therapies are candidates for surgical
intervention including various mechanical (turbinate outfracture), submucosal
destructive (electrocautery, cryosurgery, or radiofrequency), or turbinate resection
(submucosal, partial, or total) procedures. Complications associated with surgical
management include hemorrhage, prolonged nasal crusting, and atrophic rhinitis.
The less aggressive surgical modalities, including the mechanical and submucosal
destructive procedures, are less prone to complications but may not result in perma-
nent turbinate regression. Submucous resection is often considered aggressive but
offers the best chance of long-term turbinate reduction while minimizing the occur-
rence of hemorrhage, nasal crusting, and atrophic rhinitis. The method involves
creating an incision along the inferior margin of the turbinate and removing the
majority of the turbinate bone and glands while preserving the mucosal cover. Only
the anterior half to one-third of the turbinate needs to be treated because only this
portion falls within the nasal valve area.

Scarring

Scarring in the nasal valve will obliterate the space despite adequate separation of the
caudal upper lateral cartilage and the septum. Attempts to place flaps or mucosal
grafts into the area will usually fail. Simple scar lysis and silastic stenting will be suc-
cessful in the majority of cases. The stent should be left in place for 3–5 weeks.

Medialization of the Lateral Crura

Excessive medial displacement of the lateral crura may occur after suture correction
of a boxy tip deformity or other maneuvers that tend to constrict the nasal tip. A
common cause of problematic medial displacement is sometimes found after suture
correction of a boxy nasal tip when an interdomal suture pulls the lateral crura medi-
ally. Correction of this deformity is best performed during the primary rhinoplasty
using a lateral crural strut graft.

Supra-alar Pinching

Alar batten grafts are useful in correcting pinching in the supra-alar region, stabiliz-
ing the lateral nasal wall, and maintaining the patency of the nasal valve and nasal
ala. Batten grafts can also be used to correct dynamic nasal alar dysfunction by pla-
cing the graft in a more caudal position.

The typical batten graft is harvested from either curved septal cartilage or
concha and is approximately 6mm in width by 10–15mm in length. The graft
may be placed via an endonasal or open rhinoplasty approach. When an endona-
sal approach is used, the access incision is placed at the site of maximal collapse.
A subcutaneous pocket is created so that the graft will fit securely, spanning the
pyriform aperture. The curvature of the graft should follow the contour of the alar
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rim and should not extend cephalic to the supra-alar crease. When the graft is
placed using an open rhinoplasty approach, the subcutaneous pocket is created
caudal to the caudal border of the lower lateral cartilage extending over the pyri-
form aperture. The graft should not extend pass the central point of the lateral
crus and should be sutured in place. The graft will stabilize the lateral nasal wall
to prevent dynamic nasal valve collapse and correct the cosmetic deformity of
supra-alar pinching. There may be an increase in the thickness of the lateral
nasal wall because of graft placement. Batten grafts are ineffective in the presence
of scar.

The Nasal Ala

The nasal ala also may be the cause of increased airway resistance because of perma-
nent narrowing (static nasal alar dysfunction) or inspiratory collapse (dynamic nasal
alar dysfunction) (Table 3). Aside from soft tissue deficiencies and scarring, static
nasal alar dysfunction is most commonly encountered in patients with overprojected
nasal tips associated with tense, slit-like nostrils. Tip deprojection is usually all that is
required to correct this problem. Dynamic nasal alar dysfunction may be due to a
weakened lateral crus, especially in the female patient with a small nose. In addition,
patients with excessive cephalic rotation of the lateral crus may have a weakened alar
sidewall due to the loss of cartilage support. The lateral crus and alar sidewall must
be strengthened to correct the problem. Batten and lateral crural strut grafts are
effective. A batten graft is placed caudal to the caudal border of the lower lateral car-
tilage, inferior to the position that would be used for the correction of dynamic nasal
valve dysfunction.

Patients with cephalically malpositioned lateral crura may have dynamic nasal
alar collapse due to loss of skeletal support at and inferior to the supra-alar crease.
This deformity is best treated by an open rhinoplasty approach with inferior reposi-

Table 3 Causes and Treatment of Nasal Alar Valvular Dysfunction

Classification Cause Treatment

Static Alar rim collapse Lateral crural strut

Rim graft
Soft-tissue deficiency/scarring Lysis and stenting

Local flap
Nasolabial w=rim graft

Forehead w=rim graft
Composite cartilage graft

Dynamic Nasal alar and lower lateral

cartilage flaccidity

Batten graft

Lateral crural strut
Suspension suture

Malpositioned lateral crura

(cephalic rotation)

Open rhinoplasty w=upper lateral
cartilage repositioning
Lateral crural strut
Batten graft
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tioning of the lateral crura and placement of lateral crural struts along their caudal
edge. Additional batten grafts can be used if a lateral crural strut does not provide
sufficient rigidity.

Prevention of Nasal Valve Dysfunction

Prevention of nasal valve dysfunction should be considered fundamental to any rhi-
noplasty procedure. Pre-existing abnormalities involving the nasal valve area tend
to worsen after rhinoplasty unless these areas are specifically addressed during
the primary procedure. Identification of preoperative nasal valve dysfunction and
anticipation of the secondary effects of various treatment options should be incor-
porated into the operative plan. In addition, some nasal valve abnormalities are pre-
ventable while others are inevitable and should be corrected during the primary
procedure.

Common preventable post-rhinoplasty problems that lead to obstruction of
the nasal valve include synechiae and scarring in the nasal valve and weakened
or overresected lower or upper lateral cartilages. Separation of the upper lateral
cartilages from the septum and dissection of the underlying mucosa away from
the planned cartilage excision or hump removal are necessary to preserve the
mucosal lining of the nasal valve. Without these pre-emptive maneuvers, the
mucosa at the apex of the nasal valve can be injured, causing scarring, synechiae,
and obstruction. Weakening or overresection of the nasal cartilages should be
avoided. Primary application of the various upper lateral cartilage lateralization
procedures, lateral crural grafts, or batten grafts is useful for patients with exces-
sively pliable cartilages or those that require significant cartilage resection or repo-
sitioning for aesthetic reasons.

Common procedures that will cause nasal valve narrowing or obstruction
include hump removal and interdomal suture to correct a boxy tip. Hump removal
disrupts the articulation of the upper lateral cartilages with the dorsal septum. The T
configuration is lost and the upper lateral cartilages fall toward the septum, obliter-
ating the nasal valves. Spreader grafts placed at the time of hump removal will
restore the position of the upper lateral cartilages and keep the nasal valves open.
As part of the preoperative plan, the spreader grafts may also be used to help
straighten a crooked nose or lengthen a congenitally short nose. Primary placement
of a lateral crural graft may be necessary when an interdomal suture is used to med-
ialize the lower lateral cartilages. The graft prevents medial encroachment of the lat-
eral crus into the nasal valve area.

Nasal bone osteotomies and intercartilaginous incisions may produce nasal
valve obstruction. The integrity of the firm osseocartilaginous connection between
the upper lateral cartilages and nasal bones must not be violated. Injury or avul-
sion of the upper lateral cartilage from the nasal bone destabilizes the upper lat-
eral cartilage and leads to collapse of the lateral nasal wall and nasal valve. An
intercartilaginous incision, if not carefully performed, may injure the scroll of
the caudal upper lateral cartilage, weakening the cartilage that forms the lateral
wall of the nasal valve. Combining a transfixion incision with the intercartilagi-
nous incision increases the likelihood of scarring in the nasal valve. The mucosal
incisions should be carefully reapproximated to minimize the risk of scarring and
synechiae formation.
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Septoplasty

Septal deviations involving the dorsocaudal strut can be difficult to correct because
surgical modifications may result in loss of nasal support, unintentional cephalic tip
rotation, or a saddle nose deformity (Fig. 33). Minor septal deviations or cartilage

Figure 33 Saddle nose deformity after septoplasty. The scooped-out appearance in the
supratip area (arrow) is secondary to overzealous resection and weakening of the dorsocaudal

septal cartilage.
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thickening at the nasal valve can lead to significant increases in nasal resistance and
nasal obstruction. This is correctable during rhinoplasty by shave excisions or upper
lateral cartilage lateralization. Rarely do minor septal deviations cause rotation or
distortion of the external nose.

Occasionally, moderate-to-severe deviations involving the dorsal strut are
associated with deviation of the nasal dorsum (i.e., twisted nose deformity).
Although the septal deviation is usually not the sole cause of the external nasal
deformity, straightening the nasal dorsum will require correction of the septal
deviation in addition to modifications of the other nasal cartilages. Dorsal strut
curvature can be corrected using either an open or closed approach. In-situ mod-
ifications include extensive cross-hatching, selective removal of cartilage, and
suture fixation. In selected cases, the quadrilateral cartilage is removed completely
and modified ex-vivo. Modifications may entail extensive cross-hatching, suturing,
and application of thin cartilage strips to add strength to the weakened modified
cartilage. The strut is then replaced and suture-fixated to the feet of the medial
crura and upper lateral cartilages.

Caudal septal deflections require a special note. These deflections can alter tip
architecture, mid vault shape, and columellar symmetry. These are typically repaired
through full transfixion incisions. If the problem appears to be displacement off the
maxillary crest anteriorly, then creating a trap door incision and swinging the remain-
ing portion of the septum into the midline will suffice. This is accomplished by remov-
ing a small horizontal piece of septum at the base of the cartilage near the maxillary
crest. A tunnel is then made with a Freer elevator raising the septal mucosa off the
contralateral maxillary crest and inferior septal cartilage. The cartilage is then swung
onto the maxillary crest and sutured in place either to the crest itself or to the
periosteum behind the nasal sill. If the caudal end is too twisted to perform such a
maneuver, then the end can be removed, reshaped, and then sutured back in place
in the midline. This technique may cause a saddle nose that will need to be supported
because the tip and dorsal support mechanisms of the septum are interrupted.

Septoplasty in children deserves special consideration because the septum may
play a significant role as a growth center in the midface. The anterior free end and the
suprapremaxillary areas have the greatest growth activity, especially during early
childhood and puberty (29). Resection of septal cartilage from these areas should
be avoided in the growing child. Simply raising mucoperiosteal flaps or resecting car-
tilage from the posterior aspect of the septum has not been associated with long-term
growth problems.

Appendix Terminology

Term Definition

Accessory cartilages String of cartilages distributed along a curvilinear line from the
lateral tip of the lateral crus to the nasal sill (pyriform aperture)

Alae The lateral nostril walls extending from the nasal tip to the cheek
and base of columella; resembling wings

Alar crease Trough=demarcation formed by the junction of the ala with
the cheek

(Continued)
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Appendix (continued)

Term Definition

Alar groove

The external skin crease overlying the caudal margin of the lateral

crus; separates the lobule from the ala
Anatomical dome The junction of the middle and lateral crura
Angle of the lower

lateral cartilages Area where the medial and lateral crura merge
Angle of divergence The degree of separation between the two middle crura
Angle of rotation See columella–lobule angle

Anterior septal angle Angle formed by the junction of the dorsal and caudal septum

Binder’s syndrome

Midfacial hypoplasia and an absent anterior nasal spine; not
usually considered a true genetic syndrome: a nonspecific
abnormality of the nasomaxillary complex (30)

Boss A knoblike protuberance of the nasal tip

Cephalic malposition

Excessive superomedial rotation of the lateral crus; results in
lobular and supralobular fullness; also known as parentheses

tip

Clinical dome
Part of the lower lateral cartilage that is identified externally;

corresponds to the ipsilateral tip-defining point

Columella
Column of skin, connective tissue, and underlying cartilage

separating the nostrils at the base of the nose

Columellar base

Deepest aspect of the nasolabial angle; the transition point of the
columella with the upper lip; corresponds to level of inferior

nostril sills

Columella breakpoint
Columella–lobule angle; transition between the columella and

infratip lobule

Columella–lobule
angle

Angle formed by the junction of the columella with the infratip
lobule; it is most aesthetically approximately 37 degrees; forms
the basis of the columellar double break

Columellar show Amount of columella visible below the nostril margin on profile

Complete strip

Removal of the cephalic edge of the lower lateral cartilage
(intermediate and lateral portions) leaving a complete intact

strip of cartilage laterally; the strip refers to the portion of
cartilage that remains, not taken away

Delivery
Exteriorizing the middle and lateral crura via marginal and

intercartilaginous incisions

Depressor septi

Paired muscle originating from the premaxilla and inserting into
the base of the columella and medial footplates; most important
muscle in rhinoplasty since it can cause a functional tip ptosis

Domal junction line Junction of the middle and lateral crura

Domal notch

Indentation in the caudal border of the domal segment of the
middle crus; responsible for the overlying soft tissue soft

triangle and facet
Dome Highest part of the nasal vestibule corresponding to the

highest projecting point of the lateral crus; see also anatomical
dome, clinical dome, vestibular dome, and surgical dome

Dorsocaudal strut Approximately 1 cm of the caudalmost and dorsalmost areas of the
quadrilateral cartilage; important in maintenance of support of

the tip and dorsum; excessive resection of loss of cartilage may
result in a characteristic saddle nose deformity

(Continued)
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Appendix (continued)

Term Definition

Double break Aesthetic interruption of the columella near the superior nostril

margin by an acute bend in the lower lateral cartilage between the
medial and middle crura; the bend forms a distinct platform
over the lobular segment of the middle crus extending form the

columella–lobule angle to the nasal tip
External nares The alar margin
External nasal

valve

Putative airflow regulator only in pathological states corresponding

to collapse of the fibrofatty nasal ala; it is bounded medially by
the caudal cartilaginous and membranous septum, laterally by the
nasal ala and caudal edge of the lower lateral cartilage, and
inferiorly by the soft tissues anterior to the inferior rim of the

pyriform aperture
Frankfurt line Imaginary line extending through the facial profile passing through

the superior tragal margin and inferior orbital rim

Glabella The most prominent portion of the forehead in the lateral plane;
area just above the nasofrontal angle and radix nasi

Hemitransfixion

incision

Incision through one side of the membranous septum exposing

the caudal septum and medial crura
Hinge area Lateral boundary of the nasal valve area consisting of the lateral

crus, fibrous-attached accessory cartilages, and surrounding soft
tissue

Inferior septal
angle

Angle formed at the junction of the caudal septum with the maxillary
crest

Infratip lobule Portion of the lobule between the tip defining points and the

columella–lobule angle
Intermediate crus See middle crus
Internal nares Area of the nose that corresponds to the caudal margin of the

lateral crus of the lower lateral cartilage
Internal nasal valve Also referred to as simply nasal valve (see nasal valve definition)
Interrupted strip Vertically sectioned lower lateral cartilage

Keystone area Area of the dorsum at the rhinion representing the confluence of the
fused nasal bones, perpendicular ethmoid plate, quadrilateral
cartilage, and upper lateral cartilages

Lateral crus Portion of the lower lateral cartilage; begins at the lateral border

of the middle crus; extends superomedially mostly above the alar
groove

Lateral crural steal Technique to increase nasal tip projection through recruitment

of the lateral crura to lengthen the medial crural component of
the tripod; accomplished without division of the lateral
crura

Limen vestibuli Junction of the vestibular skin with the nasal mucosa corresponding
to the junction of the cephalic margin of the lateral crus with the
caudal margin of the upper lateral cartilage

Lobule Lower mobile part of the nose bounded by the supratip depression

superiorly, the upper nostril margins inferiorly, and the alar
grooves laterally

Marginal incision Incision that follows the caudal border of the medial and lateral
crura

(Continued)
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Appendix (continued)

Term Definition

Medial crus Thin, delicate extension of lower lateral cartilage within the soft

tissues of the columella; includes the footplate and columellar
segments

Membranous

septum

Mobile subcutaneous tissue between the caudal septum and

columella; the medial crura are contained within its most anterior
portion

Middle crus Middle portion of the lower lateral cartilage, subdivided into lobular

and domal segments
Nasal base Lower nasal platform extending from alar crease to alar crease
Nasal dorsum Upper two-thirds of the nose
Nasal height Distance between the radix and subnasale

Nasal pyramid Upper one-third of the nose corresponding to the nasal bones and
frontal processes of the maxillae

Nasal sill Part of the alar margin adjacent to the base of the columella

Nasal tip Apex of the lobule; the most projecting point of the nasal tip on
profile

Nasal valve Two-dimensional slitlike opening between the caudal end of the

upper lateral cartilages and the septum; the narrowest part of the
nasal cavity; acts as a dynamic airflow regulator during inspiration

Nasal valve area Three-dimensional correlate of the nasal valve; bounded by the
apex of the nasal valve, head of the inferior turbinate, inferior

rim of the pyriform aperture, and soft tissues overlying these areas
Nasion Midpoint of the frontonasal suture in the sagittal plane under the

soft tissue nasofrontal angle

Nasofrontal angle Angle formed by the junction of the nasal dorsum with the glabella
Nasofrontal groove Angle formed by the soft tissue covering the frontonasal suture;

corresponds to the starting point of the nasal dorsum

Nasolabial angle Angle formed by the junction of columella with the upper lip;
indirect measure of nasal tip rotation; abnormal position of
columella is a source of error

Non-delivery Method of altering the lower lateral cartilage (e.g., complete strip)
in situ without exteriorizing (delivering) the cartilage

Pars alaris Paired muscle originating above the labial incisor tooth and inserting
into the lower margin of the nasal ala

Pars transversa Paired muscle originating from the canine eminence and inserting
into a fibrous aponeurosis along the cartilaginous nasal dorsum

Pogonion Most anterior point of soft tissue chin

Pollybeak deformity Unaesthetic fullness in the supratip
Procerus muscle Single pyramidal slip of muscle arising from the nasal bones and

upper lateral cartilages; insertion is into the frontalis muscle and

skin between the eyebrows
Radix nasi Soft-tissue correlate of the nasion; refers to the root of the nose;

most aesthetic at level of the supratarsal fold in primary gaze
Retrograde

approach

A method of exposing the lateral and middle crura through an

intercartilaginous incision and retrograde dissection of vesibular
mucosal from the undersurface of the cartilage

Rhinion Anterior bony–cartilaginous junction often corresponding to the
typical location of a nasal hump

Rim incision Incision that follows the nostril rim along the inner vestibular surface

(Continued)
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Appendix (continued)

Term Definition

Rim Strip Removal of most of the cephalic edge of the lower lateral cartilage

(intermediate and lateral portions) leaving a few millimeters of an
intact rim strip of cartilage; strip refers to the portion of cartilage
that remains, not taken away

Rocker deformity Results from an incomplete osteotomy: the osteotomized segment
rocks back and forth with digital pressure

Saddle nose

deformity

Concavity or depression of the nasal dorsum that results in a

saddlelike appearance on profile; also known as pug nose or
boxer’s nose

Scroll Redundant cephalic margin of the lower lateral cartilage; this area
articulates with an opposite scroll from the ipsilateral upper

lateral cartilage
Sellion Deepest point in the hollow beneath the glabella in the sagital plane
Septal angle Angle formed by the caudal and dorsal aspects of the septal

quadrilateral cartilage
Sesamoid cartilages Inconsistent islands of cartilage scattered between the caudal upper

lateral cartilage and cephalic lateral crus

Soft Triangle Soft tissue of the lobule opposite the domal notch; depression here
is referred to as a facet

Subnasale (Sn) Bony landmark under the soft tissue nasolabial angle; junction of
the columella with the upper cutaneous lip

Supratip area Transition between the nasal dorsum and supratip lobule; formed
by a slight inferior descent of the dorsal septum and the cephalic
convex lateral crura; a supratip depression is an aesthetic

landmark denoting a slight concavity
Supratip lobule Portion of the nasal lobule between the supratip break and the tip-

defining points

Surgical dome Dome established at surgery
Tip-defining points Soft tissue landmarks representing the most projecting areas on each

side of the nasal tip; overlies the domal junction line near their

caudal margins
Transfixion incision Incision through and through the membranous septum exposing the

caudal septum and medial crura; a full transfixion incision
separates totally the medial crural feet from the caudal septum; a

partial transfixion incision stops proximal to the feet
Tripod concept Simplified model of the nasal tip stipulating that three legs represen-

ting the lateral crura and conjoined medial crura support the nasal

tip
True horizontal An imaginary horizontal line extending through the profile as the

patient stares straight ahead; also known as the natural horizontal

facial plane
Upper vermilion (Vu) Upper vermilion lip–skin border
Vertical facial plane Perpendicular plane to the true horizontal
Vestibular dome Counterpart to the clinical dome internally; located at the apex of the

concavity formed between the medial and lateral crura
Vestibule Space inside the nostril bounded medially by the membranous

septum and columella, laterally by the ala, superiorly by lower

border of the lateral crus and bony pyriform aperture, and
inferiorly by the nasal sill and mucocutaneous junction of the
nostril rim
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21
Traditional, Revision, and Augmentation
Rhinoplasty

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Mansachusetts, U.S.A.

Laurence Milgrim
Trumbull, Connecticut, U.S.A.

Advanced rhinoplasty encompasses a wide range of rhinoplasty techniques and chal-
lenges. However, much of what is considered within the scope of advanced rhinoplasty
relates to the diagnostic and therapeutic methods used in revision rhinoplasty.
Advanced rhinoplasty has been considered synonymous with revision rhinoplasty,
but this notion has changed over the last 20 years. Revision techniques are now being
applied routinely to primary cases under the guise of ‘augmentation rhino-
plasty.’ Revision rhinoplasty usually involves reconstitution of lost cartilage and
bone and reconstruction of the nasal framework. This approach, when applied
to patients undergoing primary rhinoplasty, is termed augmentation rhinoplasty.
Augmentation of the nasal framework in primary rhinoplasty has come to be
favored over radical cartilage excision and destruction because the former achieves
a more stable and natural-appearing long-term result. What is included under the
general heading of ‘‘advanced’’ is sometimes arbitrary. Nevertheless, this chapter
will include a review of revision rhinoplasty, augmentation rhinoplasty including
grafts and implants, the open rhinoplasty technique, and challenging special condi-
tions including lengthening a short nose, straightening a crooked nose, cleft rhino-
plasty, rhinoplasty in the aging patient, rhinoplasty in nonwhite patients, and
repair of nasal fractures.

TRADITIONAL RHINOPLASTY

Traditional rhinoplasty incorporates a variety of reduction and cartilage division
techniques including those used in the classic Joseph reduction rhinoplasty and tech-
niques described specifically for improving tip projection and rotation without grafts
or implants. Although the universal application of reduction techniques leads to
many of the typical adverse sequelae associated with reduction rhinoplasty, many
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of the traditional reduction and cartilage modification techniques are safe and useful
when used in selected patients. The application of these traditional techniques is indi-
cated in patients with anatomical characteristics that can tolerate relatively radical
(by today’s standards) cartilage reduction and division. These characteristics include
a substantial cartilaginous framework, good pre-existing nasal support and projec-
tion, and relatively thick skin to help camouflage the ends of the cut and altered
cartilage.

Certain objectives can only be accomplished through the application of a
reduction or cartilage division technique. For example, correction of true excessive
projection of the nasal tip requires the unfettered application of reduction rhino-
plasty principles. Pure retrodisplacement of the tip with no caudal rotation will
require a concomitant shortening of all legs of the tripod (see Fig. 27 in Chapter
20 on Basic Rhinoplasty). Cephalic trimming of the upper lateral cartilage associated
with an unsecured full transfixion incision will result in retrodisplacement of the
nasal tip. However, for patients with medial crura that extend the entire length of
the columella, a full transfixion incision will have little effect on nasal support or
projection. In these cases, the medial crural component of the tripod must be
reduced in some other way (e.g., segmental resection). A significant reduction in
nasal tip projection is achieved by trimming the dorsal septum (including the septal
angle) combined with segmental resection of the medial crura. The lateral crura may
also require weakening to avoid caudal rotation of the nasal tip and the creation of a
pollybeak. This can be achieved through a combination of cephalic trimming and
wedge resection. To maintain nasal tip support and avoid notching or surface con-
tour irregularities, the free ends of the medial crura must be carefully reapproxi-
mated.

Nasal Tip Rotation and Projection Techniques

Cephalic rotation of a dependent nasal tip is an objective most effectively achieved
using traditional reduction techniques. Of course, nasal tip projection and rotation
are intimately related. Cephalic rotation of a ptotic nasal tip may result in some coin-
cident gain or loss of projection depending on the technique chosen. Cephalic tip
rotation may be achieved by interruption of the dorsal tip-supporting elements, espe-
cially the lateral crura, consistent with the tripod concept. The degree of cephalic
rotation is predictable based on the type and extent of surgical modification to the
lateral crura and domes. Several commonly used techniques are designed to improve
tip definition (refinement and narrowing) and also result in some cephalic rotation
including the complete strip, rim strip, and dome division. The lateral crura are often
modified during nasal tip surgery to correct deformities or increase tip definition.
Trimming a longitudinal strip of cartilage along the cephalic border of the lateral
crura will enhance tip definition and may result in cephalic rotation of the nasal
tip. A residual so-called complete strip of cartilage (at least 5mm) must remain to
maintain the strength of the lower lateral cartilage and nasal tip support.

Lateral Crural Flap

A rim strip will result in significant cephalic rotation of a dependent nasal tip. How-
ever, if what is termed a ‘lateral crural flap’ is left in place after a typical rim strip
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procedure, healing and the degree of cephalic rotation are more predictable (1). This
technique is similar to the rim strip operation except the superolateral portion of the
lateral crus that is excised in a rim strip is left in situ. This island of cartilage is left
attached to the stable nasal framework superiorly, including the upper lateral carti-
lage, sesamoid cartilages, and the pyriform aperture. The lateral crural flap fills the
void between the narrow rim strip and the upper lateral cartilage and pyriform aper-
ture. In a typical rim strip operation, this void is obliterated with scar tissue, leading
to unpredictable superior traction on the remaining lower lateral cartilage. The
degree of tip retrodisplacement and cephalic rotation is variable and problems with
alar rim notching and irregularities are common. Like the rim strip, tip retrodispla-
cement and cephalic rotation are the main indications for the use of the lateral crural
flap technique. However, as mentioned, these changes are more predictable using the
lateral crural flap, the postoperative problems of asymmetry and alar notching sec-
ondary to uncontrolled scar contracture are lessened.

The lateral crural flap technique involves delivering the cartilage followed by a
complete or rim strip procedure (Webster). The remaining strip is transected through
the intermediate and caudal lateral crus area. This incision parallels the alar rim,
leaving a large portion of the superolateral crus intact as this portion of the lateral
crus curves cephalically. The anterior portion of the cartilage is then undermined to
the dome, sparing the underlying mucosa. This strip is then rotated posteriorly,
resulting in overlapping of the free ends of the rim strip and posterior crural flap
remnant. Some surgeons prefer not to undermine and leave the mucosal–cartilage
flap intact. The overlapping portion of the lateral crural flap is excised, and buried
sutures are used to approximate and stabilize the cartilage segments. The amount of
cartilage excised is calibrated according to the desired degree of cephalic rotation
and tip retrodisplacement (Fig. 1). Despite the advantages of leaving the lateral
crural flap in situ after a rim strip procedure, there are persistent problems inherent
in any technique that involves a rim strip and division of the lateral crus. A severely
weakened dome may result in ptosis of the nasal tip because it cannot resist the nat-
ural forces of even minimal scar contracture of the soft tissue envelope. This may
result in an undesirable supratip fullness (pollybeak deformity) as the tip migrates
inferiorly, bringing into relief the superior septal angle and the scrolls of the upper
and lower lateral cartilages. In addition, the cut edges of the lateral crura tend to
medialize into the vestibule despite suture fixation, causing nasal obstruction by nar-
rowing the nasal valve area. The rim strip and lateral crural strip techniques should
only be used in patients with relatively thick skin and dependent, over-
projected nasal tips.

Goldman’s Vertical Dome Division and Lateral Crural Steal

It is possible to increase nasal tip projection significantly using cartilage division
techniques. However, these techniques may be considered in selected patients only
since augmentation techniques (grafts) generally provide a safer and more predict-
able result. A significant degree of cephalic rotation is a common side effect of
techniques designed to increase nasal projection. Nevertheless, direct surgical
modification of the lower lateral cartilages can result in significant gains in nasal
projection in patients with a suitably resilient and an abundant cartilage frame-
work. Modification of the existing cartilages to increase tip projection is usually
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not possible in revision or secondary rhinoplasty cases. The basic idea is to recruit
the lateral crura to lengthen the medial crural component of the tripod. This results
in tip narrowing, increased definition, cephalic rotation, and significant increases in
tip projection. Two commonly used procedures that recruit the lateral and inter-
mediate crura are the Goldman vertical dome division and (2) the lateral crural steal.
Dr. Goldman described vertical dome division over 40 years ago (2). He emphasized
the use of the medial crura in augmenting tip projection and narrowing the nasal tip
by recruiting cartilage from the lateral crura. The technique involves complete trans-
ection of the lateral crura just lateral to the dome, including the underlying vestibular
mucosa, removal of the intervening connective tissue between the medial crura, and
suturing the medial crura and associated lateral crura remnants together in the
midline to form a projecting strut of cartilage beneath the tip lobule (see Fig. 24
in Chapter 20 on Basic Rhinoplasty). This procedure can be safely used in patients
with relatively thick skin in which the cut edges of the cartilage will be adequately
camouflaged. The lateral crus should be divided no more than 3mm lateral to the
anatomical dome. Division of the lateral crura well lateral to the dome within the
thicker supra-alar skin is preferable when the domes do not require much modifi-
cation. This maneuver will result in significant increases in projection while avoiding
asymmetrical healing and scar contracture over the more vulnerable medial
areas. Risks include creation of a pinched appearance to the nasal tip, an asymme-
trical nasal tip due to unpredictable healing, cartilage bossing, alar notching, and

Figure 1 Lateral crural flap technique as performed through an open rhinoplasty approach.
A. After a conservative complete strip is performed, the lateral crus is divided. B. The crus is
moved posteriorly, resulting in tip rotation. C. The desired configuration is stabilized using 5-0

PDS suture. D. The inferior edge of the cartilage is trimmed to remove irregularities created as
the crural segments were overlapped. (From Kridel RW, Konior RJ. Controlled nasal tip
rotation via the lateral crural overlay technique. Arch Otolaryngol Head Neck Surg 1991;

117(4):411–5.)
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undesirable pronounced cephalic rotation. These complications are seen with some
frequency and the routine use of the Goldman tipplasty has been abandoned. Never-
theless, the procedure is used in selected cases of boxy tips, ptotic tips, so-called
closed noses in which the columella–labial angle is acute, foreshortened columella,
and in patients with thick skin (ethnic rhinoplasty). Modifications of the Goldman
tipplasty have been devised to reduce the postoperative sequelae of bosselation,
pinching, and the typical ‘operated look’ that results from this procedure. Dr. Ponti
of Rome, Italy, who trained under Goldman, altered the procedure by preserving the
vestibular lining (3). He also cut the cartilage more lateral to the dome than Gold-
man and resected additional lateral crura to achieve more volume reduction. This
was known as the ‘butterfly’ technique because, on basal view, the cut edges of
the dome and lateral crural segments resembled butterfly wings. However, this mod-
ification can lead to lateral pinching of the nose and a clown effect, with a rounded
ball-like tip juxtaposed against thinned lateral walls.

The lateral crural steal technique also recruits the lateral crura to lengthen the
medial crural component of the tripod but does so without division of the lateral
crura (4). This technique also results in tip narrowing, increased definition, cephalic
rotation, and significant increases in tip projection. The procedure requires an exter-
nal rhinoplasty approach to allow full visualization of the lower lateral cartilages.
The vestibular lining is separated from the undersurface of the intermediate and lat-
eral segments of the lower lateral cartilage. Both lateral crura are released from their
fibrous attachments to mobilize the cartilage. Conservative cephalic trimming (i.e.,
conservative complete rim strip) may be done at this point if necessary. Transdomal
sutures are placed to move the intermediate and lateral crura medially, thus increas-
ing the height of the medial crural component of the tripod and projecting the tip.
Since the lateral crura are shortened, the increase in nasal projection is accompanied
by a proportional increase in cephalic tip rotation and nasal shortening. The lateral
crural steal procedure preserves the integrity of the lateral crura, minimizing the
potential problems associated with division of the lateral crus and dome. These
include alar notching, unpredictable healing and tip asymmetry, and obvious dome
irregularities.

The techniques of traditional and reduction rhinoplasty rely heavily on the
intrinsic nasal cartilage framework to achieve various aesthetic objectives including
improved tip definition, rotation of the nasal tip, and changes in tip projection.
Although it is clear that reduction techniques are needed for patients with dependent
and overprojected nasal tips, the majority of patients benefit from a combination of
conservative reduction (e.g., complete strip) and augmentation (sutures and graft-
ing). The key in determining the appropriate technique is the preoperative nasal ana-
lysis and diagnostic acumen of the clinician. In a sense, rhinoplasty has become a
much more complicated endeavor because of this highly individualized approach.
No longer is a rhinoplasty performed in a standard way. For example, in the past,
inadequate tip projection was often compensated for by reducing the height of the
nasal dorsum. The ratio of nasal tip projection to nasal length normalized and the
nose became intrinsically balanced. As was typical of reduction rhinoplasty, the nose
was small and out of proportion with the rest of the face. Pollybeak deformity
occurred due to overreduction of the nasal dorsum. The excess dead space and car-
tilage division or reduction resulted in scar contracture and excessive cephalic rota-
tion of the nasal tip. Modern rhinoplasty is based in large part on the shared
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experiences of clinicians treating patients seeking revision rhinoplasty who had
undergone standard reduction rhinoplasty several years earlier. It is useful to review
this common experience of revision rhinoplasty and the adverse consequences of
reduction rhinoplasty.

REVISION RHINOPLASTY

Revision rhinoplasty is most often done to correct the adverse sequelae of under-
correction or overresection of the cartilaginous structures of the nose. Overresection
of cartilage (reduction rhinoplasty) is the most common reason for revision. In the
lower third of the nose there is collapse and buckling of the lower lateral cartilages
producing tip ptosis, asymmetry, pollybeak deformity, and nostril flaring. In the
middle third, medial collapse of the upper lateral cartilages may produce ‘pinched
nose’ and inverted ‘V’ deformities associated with narrowing of the nasal valves
and nasal obstruction. In the upper nasal third, the nasal dorsum may be overre-
duced or irregular. Correction of abnormalities in the upper third is usually more
straightforward than in other parts of the nose. The typical specific adverse func-
tional and aesthetic effects of reduction rhinoplasty are reviewed below.

Nasal Tip

Reduction rhinoplasty techniques have the greatest deleterious effect on the nasal
tip. Attenuation of the cartilages in the nasal tip and disruption of the major and
minor tip supporting mechanisms result in many of the typical adverse sequelae asso-
ciated with reduction rhinoplasty: nasal alar collapse, supra-alar pinching, nostril
flaring, loss of tip support, pathological cephalic rotation, asymmetry, pollybeak
deformity, and tip deprojection. Although weakening of the cartilage framework
is a significant underlying factor, the creation of tissue voids due to the loss of car-
tilage is the predominant factor leading to many of these abnormalities. A bed of
scarring is created in areas of cartilage loss that leads to soft tissue contraction.
The existing weakened cartilage framework is unable to prevent the scar contraction
and the cartilages may buckle, leading to surface abnormalities and asymmetry.
Weakening or division of the alar cartilages may result in dynamic collapse of the
nasal alae, causing nasal obstruction and significant cephalic rotation of the nasal
tip proportional to the degree of cartilage attenuation and loss. The loss of tip sup-
port relates to weakening and detachment of the medial crura and alar cartilages
commonly resulting from full transfixion incisions and rim strips, respectively. Over-
resection in the area of the anterior septal angle will result in a tissue void over the
supratip. This void fills with scar tissue and will eventually lead to the formation of
an unattractive fullness in the supratip and pollybeak deformity (Fig. 2).

Aggressive division of the lower lateral cartilages along the alae or through the
domes increases the likelihood that abnormalities within the nasal tip will develop
during healing including knuckle (bossae) formation, lateral wall instability, and
asymmetry. Unequal reduction of tip volume, uneven scar formation, or misplace-
ment of dome-binding stitches can also result in asymmetry. Scar-related abnormal-
ities can occur secondary to any procedure on the nasal tip but, as a rule, the more
aggressive the primary resection and reshaping, the greater the likelihood of scar
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contracture abnormalities. A variety of augmentation rhinoplasty techniques
(reviewed below) are needed to correct these deformities.

Nasal Dorsum

The nasal dorsum is often overreduced to match an attenuated and retrused nasal
tip. In doing so significant tissue voids are created that have the potential to lead
to either a saddle nose deformity or pollybeak deformity. Saddle nose deformity is
usually due to overzealous removal of a nasal hump by an inexperienced surgeon.
Correction is relatively straightforward and involves onlay grafts obtained from
the septum, conchal bowl, or the resected portions of the tip cartilages. Sequelae that
are more difficult to correct include abnormal fractures and bone spurs. Abnormal
fractures such as rocker deformity occur from misalignment of the osteotome and

Figure 2 Pollybeak deformity. Note the fullness and rounding effect in the supratip. This

patient is a relatively extreme example of pollybeak due to placement of a forehead flap in the
area. The supratip was subsequently defatted.
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aberrant fractures. A shelf effect can occur if the osteotome and fracture are placed
too high along the ascending process. A ‘rocker’ deformity occurs if the osteotomy
was incomplete (see definition in Chapter 20 on Basic Rhinoplasty). Correction of a
rocker deformity requires repeat intermediate and low lateral osteotomies with or
without onlay camouflage grafts. Bone spurs occur when the lateral osteotomy is
placed too high. The inferior edge of the face of the maxilla often protrudes and cre-
ates a noticeable ledge between the infractured superior portion and the remnant
attached to the face of the maxilla. Perforating osteotomies or a repeat low lateral
osteotomy is needed to efface the ledge.

Nasal Valve

Excision of a nasal hump disrupts the T configuration that the upper lateral carti-
lages share with the dorsal septum. Once the splaying effect of this articulation is
lost, the upper lateral cartilages tend to fall toward the septum, narrowing the inter-
nal nasal valves. Further medialization is seen after lateral osteotomy and medializa-
tion of the nasal bones because of the rigid connection between the cephalic upper
lateral cartilages and the caudal nasal bones. In addition to this functional problem,
some patients experience adverse aesthetic effects including a pinched middle nasal
vault and inverted V deformity.

Narrowing within the nasal valve area also contributes to nasal obstruction
although it is not as dramatic as narrowing within the internal nasal valve itself.
Medialization of the lateral crura narrows the nasal valve area along the nasal side-
wall (the so-called hinge area). This finding is associated with previous rhinoplasty
when the domes or lateral crura have been sutured in the midline, pulling the lateral
crura medially.

Scarring across the nasal valve is a common finding after a poorly performed rhi-
noplasty. This is usually secondary to disruptionof themucosal lining at the apex of the
nasal valve during excision of the dorsal septum near the anterior septal angle. If the
dorsal cartilaginous septum requires significant reduction during primary rhino-
plasty, it should first be separated from the surrounding mucosa in the area of
the nasal valve. This preserves the mucosal lining and prevents scarring and nasal
valve obstruction. As previously mentioned, dynamic nasal valve dysfunction (col-
lapse during inspiration) is often due to overresection of the lateral crura and
weakening of the nasal sidewall in the hinge area. This abnormality is most com-
monly encountered in patients who have undergone a traditional reduction rhino-
plasty. The typical external nasal deformity that accompanies this functional
abnormality is pinching in the supra-alar region.

Patient Selection

If the techniques of reduction rhinoplasty are universally applied, many patients will
display the problems described above. However, these maneuvers will be quite suc-
cessful in achieving an aesthetic and long-lasting result in a subset of patients. Deter-
mining which patients require cartilage division and relatively radical cartilage
attenuation is sometimes difficult. Whenever cartilage is divided or significantly wea-
kened, there is a chance of an adverse result due to the unpredictable way in which
such injuries heal. For this reason, radical cartilage manipulation (e.g., division or
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rim strip) should be reserved for patients with thick skin and ample preoperative
nasal support in whom a relatively radical change is desired. For example, a patient
with a boxy, overprojecting, and drooping nasal tip with widely divergent domes is a
candidate for cartilage division and attenuation. Conversely, certain unique anato-
mical traits predispose patients undergoing rhinoplasty to a poor outcome. If these
traits are identified during the preoperative nasal analysis, the operative plan can be
altered accordingly. In the majority of cases this means that cartilage grafting or
suture techniques will be needed instead of cartilage excision or other typical ‘reduc-
tion’ techniques. An example of an anatomical trait that is useful in predicting the
need for augmentation instead of reduction is poor nasal tip recoil. Poor recoil is pre-
sent when the spring in the nasal tip is greatly diminished, indicating pre-existing
attenuated underlying cartilaginous support. In patients with this finding, the need
for additional cartilaginous support in the form of grafts or sutures should be antici-
pated. Anatomical traits present preoperatively that were found frequently by Con-
stantian in those seeking revision rhinoplasty included low radix, narrow middle
vault, cephalic malposition of the alar cartilages, and inadequate tip projection.
An interesting finding was that these traits are also common sequelae of reduction
rhinoplasty. Furthermore, both groups of patients share the need for augmentation
techniques to correct these abnormalities adequately and safely. This is an illustra-
tive example of how what was once solely in the realm of revision rhinoplasty is
now expanded to include patients undergoing primary rhinoplasty. The approach
to both revision and primary rhinoplasty has melded, resulting in a highly individua-
lized approach based on the principles of augmentation rhinoplasty, which is a uni-
fied approach of cautious reduction and selective augmentation.

AUGMENTATION RHINOPLASTY

Augmentation of the nasal framework is the hallmark of revision rhinoplasty but the
same techniques are now used routinely in primary rhinoplasty to strengthen and
supplement the existing cartilage structure. In fact, the surgical planning and meth-
ods of revision and primary rhinoplasty are similar and the modern rhinoplasty sur-
geon should consider each case individually and apply the appropriate techniques
when indicated.

Augmentation rhinoplasty describes a philosophical approach to rhinoplasty
involving the use of a variety of techniques and grafts that tend to preserve and aug-
ment the structural integrity and shape of the nose. This approach to modern rhino-
plasty was cultivated in the 1970s when multiple revisions were being performed on
patients who had undergone standard reduction techniques. Reduction rhinoplasty,
as the method has come to be known, was a rote approach to primary rhinoplasty
that consisted of often radical (by today’s standards) excision and division of tip
cartilage, dorsal hump removal, and nasal bone infracture. The structural and func-
tional integrity of the nose was largely ignored. The loss of cartilaginous support and
mucosal lining eventually resulted in scar contracture with surface irregularities,
collapse or severe retraction of the nasal tip, collapse of the middle vault (inverted
V deformity), and nasal valve obstruction. As mentioned, revision rhinoplasty is
most often done to correct adverse sequelae of overresection of cartilage. Revision
cases inevitably required scar lysis and surgical techniques using a variety of grafts
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to restore the structural and functional integrity of the nose. Revision surgery using
grafts and conservative reconstructive techniques led to predictable long-term results
with a nose that was functionally and structurally sound and in balance with the rest
of the face. Taking lessons from these revision cases, the approach to primary rhino-
plasty changed dramatically. Cartilage excision and violation of the mucosal linings
were minimized. Cartilage grafts were more likely to be used instead of cartilage exci-
sion or division to create a change in the balance or shape of the nose. Thus, the era
of primary augmentation rhinoplasty was inaugurated. Subsequent developments
have included the increasing popularity of the open structure rhinoplasty to facilitate
the accurate manipulation and placement of cartilage grafts and sutures. There is
also an increasing appreciation of the aesthetic balance between the shape and size
of the nose and the rest of the face. This is especially relevant to the position of
the radix, projection of the premaxilla, and projection of the chin. A variety of dif-
ficult rhinoplasty problems also exists that require a specialized approach that
includes correcting a high or low radix, lengthening a short nose, straightening a
crooked nose, and performing cleft rhinoplasty. In addition, the approach to rhino-
plasty in the aging patient and in the non-white patient requires special considera-
tion. The need for augmentation in those presenting for primary rhinoplasty is
predictable based on the preoperative nasal analysis. Universal application of reduc-
tion techniques, as was the practice in the era of ‘reduction rhinoplasty,’ results in a
poor aesthetic and functional result in many but not all patients. A subset of patients
who undergo traditional reduction rhinoplasty do well but the majority of patients
will experience aesthetic or functional problems. Several factors account for these
findings, including the type and extent of primary cartilage modification and the pre-
operative anatomical configuration of the nose.

Although augmentation rhinoplasty techniques are an integral part of many
primary rhinoplasties, a variety of traditional reduction techniques are still required
in the majority of patients seeking primary rhinoplasty. Often the nose is first
reduced and reassessed on the operating table. This rapid intraoperative assessment
may reveal several adverse sequelae typical of reduction rhinoplasty. At this point,
application of the principles and techniques of augmentation rhinoplasty serve to
reconstruct and stabilize the nose in its new favorable aesthetic and structural con-
figuration.

Trimming, morselization, and suture modification of the lower lateral cartilage
to improve the nasal tip are all that is needed in uncomplicated primary rhinoplasty
cases. Overuse of grafts, interrupted strip, and radical excisional techniques are to be
avoided. The use of structural grafts (e.g., columellar strut or lateral crural strut
grafts) rather than surface grafts (e.g., tip onlay or shield grafts) may be more liberal
in primary rhinoplasty because minor postoperative warping and resorption pro-
blems are less noticeable. Volume reduction, slight cephalic rotation, and an increase
in definition are the most common objectives in nasal tip surgery. These can be
achieved using conservative complete strip, limited morselization, and approximat-
ing suture techniques.

A typical primary augmentation rhinoplasty would consist of the following
steps:

1. Establish goals with the preoperative nasal analysis.
2. Perform open rhinoplasty to facilitate graft placement.
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3. Assess anatomy and symmetry of the lower lateral cartilages.
4. Set tip projection using cartilage modification, suture, and grafting

techniques.
5. Correct asymmetries of the nasal bones and set the radix using osteotomies,

rasping, and onlay grafts.
6. Reconstitute the middle third and nasal valves using spreader grafts and

sutures.
7. Set dorsal projection in the middle and upper thirds using grafts and

selective sculpting.
8. Reassess tip and establish tip-defining points, if necessary, using shield

grafts and suture techniques.
9. Redrape skin envelope and carefully remove subcutaneous scar tissue as

necessary to increase tip definition and eliminate soft tissue pollybeak.

Familiarity with anatomy and nasal analysis (see Chapter 20 on Basic Rhino-
plasty), grafts and implants, the open approach, and a variety of procedures directed
at correcting common specific aesthetic and functional nasal abnormalities is
essential.

The Open Approach

Padovan introduced open or external rhinoplasty to North America in 1973 from
France (6). This approach provides improved exposure of the nasal tip and dorsum
for diagnosis, cartilage manipulation, and graft placement. It affords superior visua-
lization of the lower lateral cartilages, upper lateral cartilages, internal nasal valve,
dorsal septum, and dome areas.

The most dramatic difference between the open rhinoplasty approach and the
closed approaches is the far superior visualization of the nasal tip cartilages provided
by the former. Therefore, the main indication for using the open approach is to facil-
itate work on the nasal tip. Typical indications include tip asymmetry, unknown
anatomy (e.g., revision cases), and a need for grafting. The procedure is outlined
in Chapter 20 on Basic Rhinoplasty. A transcolumellar incision is created that is
an extension of the marginal incision used in delivering the lower lateral cartilages.
The shape of the incision varies from surgeon to surgeon, but most use either a ‘W’
or upside-down ‘V’-shaped incision approximately two-thirds down along the colu-
mella from the tip.

The procedure begins with the creation of both marginal and transcolumellar
incisions that are eventually connected over the soft triangle. The soft tissue colu-
mella is raised over the medial and middle crura and the columellar and marginal
incisions are joined as the dissection continues over the domes and the lateral crura.
A combination of sharp and blunt dissection proceeds over the upper lateral carti-
lages and dorsum in a supraperichondrial plane. An intercartilaginous incision is
only made if needed. The dissection should remain submuscular (i.e., under the
superficial musculoaponeurotic system [SMAS]) to preserve the blood supply to
the skin and prevent skin necrosis over the nasal tip. As the caudal aspect of the
nasal bones is approached, the plane of dissection shifts to a subperiosteal level in
the midline. The entire nasal dorsum is exposed, allowing direct visualization and
manipulation of the nasal cartilages, septum, and nasal bones. The septum may be
exposed via a caudal or dorsal approach. The caudal approach involves separation
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of the medial crura and dissection through the membranous septum to reach the cau-
dal aspect of the nasal septum. The dorsal approach involves careful separation of
the upper lateral cartilages, usually starting at the septal angle and proceeding in a
cephalic direction. The medial aspect of the upper lateral cartilages must be sharply
separated from the dorsal septum, with care taken not to disrupt the underlying
mucosa surrounding the nasal valves. Mucoperiosteal flaps may then be widely dis-
sected, allowing modification or removal of the entire septum. At the completion of
the procedure, the medial crura should be secured to the caudal septum to re-estab-
lish this major support mechanism, if necessary. In addition, a single buried 4–0
chromic suture is used to approximate the transcolumellar incision in the midline.
Additional cutaneous sutures are placed along the lateral aspects of the transcolu-
mellar incision and along the marginal incisions within the vestibule. Carefully reap-
proximating the mucosal incisions prevents healing irregularities and covers grafts
and cartilage sutures. Small intercartilaginous stab incisions can be safely made to
promote drainage, if necessary.

The advantages of the open approach include direct and accurate assessment
and treatment of cartilage and bone abnormalities, ease and accuracy of suture pla-
cement, direct access to the nasal cartilaginous dorsum (including the quadrilateral
septal cartilage), and teaching opportunities. Direct visualization of the complex
anatomy facilitates learning and mastery of rhinoplasty. Disadvantages of the
open approach include additional operative time, cutaneous scarring, operative
edema, subcutaneous scarring, and nasal tip anesthesia. The cutaneous (transcolu-
mellar) scarring is of minimal concern and, if the procedure is properly performed,
rarely is problematic. Permanent anesthesia of the nasal tip is rare. The connection
between the medial crura and caudal septum is disrupted in the caudal approach to
the nasal septum. Since this is a significant tip-supporting element, the medial crural
attachment should be reestablished with suture to avoid postoperative loss of nasal
support.

Grafts and Implants

The use of a variety of grafts in primary and revision rhinoplasty has become com-
monplace. Cartilage grafts have traditionally been reserved for use in revision cases
for the correction of a retused tip, saddle nose deformity, or lateral nasal wall or
nasal valve collapse. However, modern augmentation rhinoplasty frequently calls
for the use of grafts including tip shield grafts, columellar struts, and plumping
grafts.

The most common grafting material for the nasal tip is either septal or conchal
cartilage. A variety of allografts and alloplasts are available to shape, augment, and
support the nasal tip, but the long-term retention and stability of these materials are
poor. Two popular alternatives to autogenous grafts are porous high-density poly-
ethylene (alloplast: Medpor, Porex Surgical Inc, Atlanta, GA) and homologous der-
mis (allograft: Alloderm dermal graft, LifeCell Corporation, Woodlands, TX). The
nasal tip is the most mobile portion of the nose and excess graft movement is often
responsible for graft extrusion or absorption. Medpor is especially prone to exposure
in the nasal tip area and, because of the disastrous consequences of this complica-
tion, it is rarely used. Alloderm has proved to be a useful alternative in selected cases.
However, its performance as a volume expander (e.g., correction of a saddle nose
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deformity) is poor due to absorption that occurs over a period of several months
after placement. Alloderm is better used to camouflage slight surface irregularities
and to augment thin overlying skin. Irradiated homologous cartilage grafts have
been used with success and little risk of extrusion. Despite graft resorption rates in
excess of 75%, there may be little loss of volume because the graft is replaced with
fibrous tissue (7). However, autogenous cartilage grafts are undoubtedly the graft
material of choice considering the material0s long-term stability and extremely low
extrusion rates.

Septal cartilage provides relatively stiff and straight pieces of cartilage ideal for
columellar struts and spreader grafts. The thickest cartilage is found along the max-
illary crest and ethmoid plate. Conchal cartilage is softer than septal cartilage and
possesses a natural curvature. It is ideal for grafts that must span the nasal dorsum,
such as a splay graft. Conchal cartilage is harvested through a curvilinear incision
through the anterolateral aspect of the conchal bowl. Preservation of the perichon-
drial layer may improve graft volume retention through the growth of new cartilage
(8). Using a subperichondrial dissection on the anterior surface and a supraperichon-
drial dissection on the posterior surface preserves the posterior perichondrial layer.
Preserving the posterior perichondrium is straightforward because it is tightly
adhered to the cartilage.

Spreader Graft

Spreader grafts (Fig. 3) are very effective in widening the nasal valve and improving
nasal airflow (9). They are harvested from the ear or septum, typically measuring
2.5 cm in length, 3mm in height, and 2mm in thickness. An endonasal or open rhi-
noplasty approach can be used for graft placement. The endonasal approach

Figure 3 Spreader graft placed during an open rhinoplasty. Note that the upper lateral
cartilage is separated sharply from the dorsal septum and the graft is placed between it and the
septum; the underlying mucosa remains intact. (From Dolan RW. Nasal ala and internal valve
insufficiency. In: Holt R, ed. Facial Plastics Clinics. Philadelphia: W.B. Saunders, 2000: 8(4);

447–464.)
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requires a separate sub-mucoperichondrial pocket along the nasal dorsum through
an access incision on the anterior caudal septum, anterior to the nasal valve. The
graft is inserted into the pocket and the incision is closed with a single absorbable
suture (see Fig. 32 in Chapter 20 on Basic Rhinoplasty). The open rhinoplasty
approach requires that a dorsal incision be made between the upper lateral cartilages
along the septum beginning near the anterior septal angle. Submucoperichondrial
dissection proceeds to separate the upper lateral cartilage from the septum to create
a crib for the graft. Usually, one graft is placed on either side of the septum and
secured with 5-0 PDS (Ethicon, NJ) horizontal mattress sutures that pass through
the upper lateral cartilages, grafts, and septum.

Placement of the spreader graft through a dorsal approach is usually indicated
in patients undergoing open rhinoplasty. Separation and dorsal trimming of the dor-
sal upper lateral cartilage and septum have usually already been done, revealing the
space into which the spreader graft will be placed. It is essential that the underlying
mucosa be preserved as much as possible to prevent scarring in the area of the valve.
Dissecting the mucosa away from the undersurface of the upper lateral cartilages is
difficult and meticulous sharp technique is needed. The graft is inset into the space
between the upper lateral cartilages and septum and sutured into position. Aside
from opening the nasal valves, spreader grafts can be used to lengthen a short nose,
help camouflage or redirect a twisted nose, and widen a narrow nose. Slight widening
of the dorsal middle vault is to be expected when spreader grafts are used and the
patient should be informed of this preoperatively.

Splay Graft

An upper lateral splay graft (Fig. 4) spans the nasal dorsum under the upper lateral
cartilages to reinforce the cartilage and open the nasal valves (10). The graft is har-
vested from the conchal bowl to take advantage of the natural curvature and spring
inherent in the cartilage. A splay graft can be more effective than a spreader graft
when the upper lateral cartilages are greatly attenuated or overresected. Splay grafts
also result in greater widening of the middle nasal vault. A splay graft is placed over
the septum (convex side up) and under each upper lateral cartilage through an open
rhinoplasty approach. The mucoperichondrium must be dissected carefully away
from the septum and the undersurface of the upper lateral cartilages. Separating
the mucosa from the undersurface of the upper lateral cartilages is extremely tedious
and small perforations are common; however, this will not affect the viability of the
graft. The septum acts as the fulcrum for the graft and may require lowering in
selected cases. The cartilage graft will extend to the lateral border of the upper lateral
cartilages or to the pyriform apertures, depending on the desired affect. A butterfly
graft is similar to a splay graft but is placed superficial to the upper lateral cartilages
and deep to the lower lateral cartilages (Fig. 5). It will also significantly widen the
middle nasal vault.

Onlay Graft

A splay graft is a type of onlay graft. Onlay grafts lie along the surface of the septum,
upper lateral cartilages, or both and consist of cartilage, cartilage and bone, or allo-
plastic material. They are used to efface saddle nose deformities or to correct defi-
ciencies of the lateral nasal wall. In overrotated tips, they are used to bring the tip
back into alignment or to act as camouflage. In open rhinoplasty, these grafts can
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Figure 5 Butterfly graft placed to open the nasal valves. This graft is similar to the splay
graft but is placed and secured over the upper lateral cartilages. This graft will also markedly
widen the middorsum. (From Dolan RW. Nasal ala and internal valve insufficiency. In: Holt
R, ed. Facial Plastics Clinics. Philadelphia: W.B. Saunders, 2000: 8(4); 447–464.)

Figure 4 Upper lateral splay graft placed to open the nasal valves. Note that the graft spans

the dorsal septum and is secured under the upper lateral cartilages, thereby splaying open the
nasal valves. Although this is effective in opening the nasal valves it will usually result in
marked widening in the middorsum. (From Dolan RW. Nasal ala and internal valve

insufficiency. In: Holt R, ed. Facial Plastics Clinics. Philadelphia: W.B. Saunders, 2000: 8(4);
447–464.)
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be directly sutured to the underlying cartilage framework for long-term stability. In
the closed approach, a pocket is created, if not already formed from nasal degloving,
and the graft is inserted. It can be temporarily secured to the skin of the dorsum by a
chromic stitch placed through-and-through.

Lateral Crural Strut Graft

A lateral crural strut graft (Fig. 6) directly addresses the problem of a weakened and
medialized lateral crus (1). The graft should measure approximately 4mm in width
and 20mm in length and be slightly curved. It is placed convex side out under the
lateral aspect of the lateral crus (between the cartilage and vestibular mucosa) via
an open rhinoplasty approach. The graft should extend from the midlateral crus
to over the pyriform aperture and be secured to the lateral crus with two interrupted
5-0 PDS sutures. The graft corrects medialization of the lateral crus and supports a
weakened and collapsing nasal ala. The position of the alar rim can be lowered if the
lateral crus–lateral crural strut complex is secured in a more caudal position. The lat-
eral crural strut will not function well in the presence of scar or soft tissue deficiency.

Batten Graft

A batten graft (Fig. 7) is the generic term for a thin and narrow piece of cartilage
used to strengthen and augment the underlying cartilaginous structure of the nose.
These grafts are most commonly placed along the caudal septum and over the lateral
aspect of the lateral crura. An alar batten graft is a slightly curved rectangular piece
of septal or conchal cartilage measuring approximately 6mm in width by 10–15mm
in length. It is placed in a precise subcutaneous pocket either via an endonasal or
open rhinoplasty approach. Alar batten grafts are mainly used to correct functional

Figure 6 Lateral crural strut graft placed to open the nasal valve area and to reverse pinched
nose deformity. The graft is placed under the lateral crus and over the pyriform rim. Although

effective in some patients, there is a tendency for counterproductive excessive thickening
within the lateral nostril due to the graft itself. (From Dolan RW. Nasal ala and internal valve
insufficiency. In: Holt R, ed. Facial Plastics Clinics. Philadelphia: W.B. Saunders, 2000: 8(4);

447–464.)
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breathing problems commonly found in patients seeking revision surgery. Overresec-
tion of the cephalic border of the lateral crus (e.g., aggressive complete strip) will
result in the loss of support of the lateral nasal wall, supra-alar pinching, and
dynamic or static airway obstruction at the nasal valve. Replacing the lost cartilage
in the area in the form of a batten graft will restore support and volume in the area.
A batten graft is effective in strengthening a floppy nasal ala due to inherent pro-
blems with support, such as cephalically malpositioned lateral crura or surgically
weakened lateral crura. It is ineffective in cases of scar or soft tissue deficiency.

In cases of nasal valve collapse, the batten graft is placed mostly cephalic to the
lateral crus, corresponding to the area of previous cartilage removal. To correct a
collapsing nasal ala, the graft is placed mostly caudal to the lateral crus and allowed
to span the pyriform aperture. In either position, there will be widening of the side of
the nose, although this will diminish with time as the wound contracts.

Columellar Strut Graft

A columellar strut (Fig. 8) is a straight rectangular graft that is typically 5mm wide,
20mm long, and 2mm thick. It functions as a rigid support within the columella and
provides superb, precise tip projection and partial rotation. The best source is the
septum along the maxillary crest or perpendicular plate of the ethmoid. It is inserted
between the medial crura and domes from a surgically created cradle anterosuperior
to the anterior nasal spine. The graft is positioned between the medial crura inferior
to the domes of the lower lateral cartilages. The strut can be placed through a variety
of incisions including marginal, vertical columellar, and intraoral. However, it is
most precisely placed through the open rhinoplasty approach. The graft is fixed to
the medial crura with two or three buried 5–0 PDS sutures to project the tip to
the desired location.

Figure 7 Batten graft placed for reversal of pinched nose deformity and stabilization of the
lateral wall of the nose. This graft will assist in correcting static and dynamic narrowing within
the nasal valve area. (From Dolan RW. Nasal ala and internal valve insufficiency. In: Holt R,

ed. Facial Plastics Clinics. Philadelphia: W.B. Saunders, 2000: 8(4); 447–464.)
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A columellar strut graft can stabilize a poorly supported tip and is a useful
adjunct to other grafts to provide a stable cartilaginous framework that will resist
the forces of scar contracture. Strut grafts can also be used to project the nasal tip
and provide for a variable degree of cephalic rotation, depending on the extent of
surgical attenuation or suspension of the lateral crural component of the tripod.
The depressor septi muscles should be divided near the base of the columella to
maximize the effect of the columellar strut graft for tip projection. Problems asso-
ciated with the graft include reduced mobility of the nasal tip in the early post-
operative course, improper positioning causing an obtuse nasolabial angle,
buckling of the medial crura due to too large a pocket being created, and columel-
lar distortion.

Figure 8 Columellar strut graft placed to stabilize and support the nasal tip. Note the strut
(thin arrow) placed in a pocket between the medial crura. The graft extends from the anterior
maxillary spine to just below the level of the anatomical dome and secured with buried 5-0

PDS suture. Note also a shield graft (thick arrow) to define better the nasal tip and domes and
lend additional projection to the tip.
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Shield Graft

A shield graft (Fig. 9) is a triangular flat or slightly convex piece of cartilage origin-
ally designed to recreate the domal tip-defining points in revision rhinoplasty. The
graft is designed with two points representing the new domes tapering inferiorly
toward the midcolumella. The inferior aspect of the graft enhances the columella–
lobule angle and provides for the appearance of an aesthetic double break. Shield
grafts are mainly used to rebuild deficient or extremely irregular domes in secondary
rhinoplasty and should only rarely be used in primary rhinoplasty cases unless the
domes are extremely attenuated. They can be used to assist in lengthening a short
nose with little or no effect on cephalic rotation. A shield graft, like any other surface
or onlay graft, should be used with caution in patients with thin skin. The edges of
these grafts should always be tapered and sutured into position with buried mattress
5-0 PDS. Placing the graft via an open rhinoplasty approach ensures accurate place-
ment and ease of suturing.

Stacking tapered rectangular onlay grafts directly over the domes can create a
more dramatic increase in nasal projection. The horizontal extent of an onlay graft
should be sufficient to cover the domes and the interdomal areas. The width of the
grafts should approximate the width of the intermediate and lateral crura. Conchal

Figure 9 Shield graft placed during open rhinoplasty to create well-defined domes and the
appearance of a double break.
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cartilage is ideal because of its inherent gentle curvature. The concave side is placed
down and its edges are tapered.

Premaxillary Graft

Premaxillary grafts fulfill several functions, including supplementing nasal tip sup-
port and bringing nasofacial aesthetic relationships into balance. The choice of graft
material placed is wider because the deep location of these grafts makes extrusion
unlikely. Plumping grafts are placed in the soft tissue in front of or directly under
the nasal spine. The graft is usually stacked cartilage or bone. Folded Goretex (Gore
and Associates, Flagstaff, AZ) is another viable option. It is introduced through an
incision made below the feet of the medial crura and placed into a premaxillary
pocket. If placed in front of the spine, it can be seated and sutured to this structure
to prevent it from extruding or moving. If placed below the spine, the graft can be
secured with a stitch through the skin similar to an onlay graft. It is used in cases
of columellar retraction when tip projection and rotation have been optimized but
the nasolabial angle is still blunted or acute. Grafts can be placed posterior to the
feet of the medial crura for correction of short or weak medial crura contributing
to inadequate projection of the nasal tip.

Advanced Nasal Tip Techniques

Many challenging conditions affecting the nasal tip require specialized techniques
both in primary and revision rhinoplasty including: cephalic malposition of the alar
cartilages, pollybeak deformity, inadequate tip projection, and underrotation of the
nasal tip.

Cephalic Malposition

Cephalic malposition of the alar cartilages is a commonly overlooked cause of supra-
tip fullness (pollybeak deformity) and dynamic or static alar collapse. The alar car-
tilages normally lie at a 30–40 degree angle from the alar rim. Cephalic malposition
describes a condition in which the alar cartilages more closely follow the dorsal sep-
tum, resulting in an abnormal fullness over the anterior septal angle. This condition
also leaves the alar lobules without cartilaginous support, often resulting in flaccidity
and alar collapse during inspiration. The clinician must be aware of this condition
since lack of preoperative diagnosis could lead to inappropriate and excessive carti-
lage excision in an attempt to resolve the supralobular fullness and bulbosity of the
nasal tip. Accurate preoperative diagnosis is necessary since treatment requires
unique surgical modifications to the nasal tip and alar cartilages that entail only
limited cartilage excision.

Correction of this deformity requires only cartilage repositioning. Through an
open rhinoplasty approach, the alar cartilages are completely freed from the
vestibular mucosa. This results in alar cartilages attached to the nose only via the
intermediate crura. Further inferior soft tissue dissection beyond the alar crease
on each side is performed to create a pocket to accept the caudalmost aspect of
the lateral alar cartilage. The alar cartilages are then repositioned to a more inferior
location aligned approximately 30 degrees with the alar rims (Fig. 10). Buried 5-0
PDS sutures are used to secure the cartilages into place. A conservative complete
strip is performed to enhance tip definition further over the anterior septal angle.
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The skin is replaced and complete reversal of the ‘parenthesis tip’ should be noted
(Fig. 11). Once this anatomical abnormality is corrected, the rest of the rhinoplasty
can proceed as usual.

Pollybeak Deformity

Pollybeak deformity is an unaesthetic fullness in the supratip due either to excess
cartilage or soft tissue. Approximately 10% of patients presenting for primary

Figure 10 Method of lateral crura repositioning to correct cephalic malposition and the so-
called parenthesis tip. Note how the lateral crura parallel the nasal dorsum (A). To reposition

the lateral crura, they are completely freed from the beds by meticulous dissection of the
overlying SMAS and underlying vestibular mucosa. Once the lateral crus is freed (B), it is
displaced and secured in a more inferolateral position.

Figure 11 Reversal of parenthesis tip and static and dynamic nostril narrowing in a patient
with cephalic malpositioning of his alar cartilages (same patient as in Fig. 10). Preoperatively

(A) the patient experienced collapse of his alae upon deep inspiration. Once the lateral crura
were placed in a more inferolateral position the nostrils widened (B) and were structurally
stiffer thereby preventing inward collapse of the alae during inspiration.
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rhinoplasty may exhibit this deformity. Patients seeking primary rhinoplasty will
usually have excess septal caudodorsal projection and inadequate tip projection,
bringing the septal angle and soft tissue into prominence over the supratip. Cephalic
malposition of the alar cartilages is another common finding in those initially pre-
senting with pollybeak deformity. In revision cases, the most common cause is exu-
berant subcutaneous scarring. The deformity is present predominantly in those
seeking revision rhinoplasty. Pollybeak deformity is commonly believed to be sec-
ondary to overresection of the nasal dorsum with subsequent scarring and swelling
in the supratip area (11). This contention has been borne out in experience but other
causes must also be considered.

Patients presenting for revision rhinoplasty will have postoperative sequelae
that result in this deformity. As mentioned, the most common cause is overresection
of the caudal dorsum. This creates dead space that is prone to fill in with scar tissue
that creates a convexity in the supratip. Other causes include underresection of the
caudal septum, especially in the presence of inadequate tip projection similar to that
found in patients presenting for primary rhinoplasty. In the usual case, supratip full-
ness and pollybeak are not obvious in the immediate postoperative period. As scar
formation builds and the fullness in the supratip increases, pollybeak deformity is
noted, usually within 1–2 months postoperatively. Treatment should initially consist
of subdermal steroid injections of 0.1–0.2ml triamcinolone acetate (40mg=ml). This
is repeated every 2 weeks if necessary. If this treatment is ineffective, then surgical
correction is necessary consisting of scar excision and graft placement. Surgical
repair is performed through an open approach and the supratip is completely
exposed. Scar is excised and a cartilage graft is sutured into place over the anterior
septal angle to fill the dead space, and another suture is passed from the subcuta-
neous tissue under the supratip and into the graft. This latter supratip suture fixates
the overlying skin to the graft minimizing postoperative fluid collection and scarring.

Inadequate Nasal Tip Projection

Several techniques that involve minimal manipulation of the existing cartilage struc-
ture are available to increase projection of the nasal tip. First, an illusion of increased
nasal projection can be created by removing a prominent nasal hump or by decreas-
ing nasal length (e.g., lowering the radix). Second, modest increases in nasal projec-
tion are possible using sutures. Suturing alone can result in modest increases in tip
projection such as suture approximation of divergent medial crura, septocolumellar
sutures, or transdomal sutures. Suture approximation of divergent medial crural
footplates will result in modest columellar lengthening and an increase in projection.
The technique involves first removing the intervening soft tissue between the foot-
plates and placing one or two buried 5–0 PDS mattress sutures to cinch the foot-
plates together. Septocolumellar sutures are placed between the caudal nasal
septum and the medial crura at slightly divergent levels to lift the tip. Transdomal
and interdomal sutures are useful to increase tip definition and projection. Transdo-
mal sutures enhance the tip-defining points of each dome. The interdomal suture is
placed below the transdomal sutures in a buried mattress fashion through-and-
through the domes, resulting in narrowing of the tip and a minor increase in
projection.

Augmentation along the medial crura is the primary method by which a signifi-
cant increase in nasal projection is accomplished. A variety of grafting techniques will
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increase nasal projection. Plumping grafts are used for premaxillary augmentation
and are inserted directly behind the nasolabial angle. The main effect of a plumping
graft is to open the nasolabial angle. Secondary gains include creating the illusion
of cephalic rotation and amodest increase in nasal projection. A columellar strut graft
will result in a considerable increase in nasal projection while providing increased sta-
bility to the nasal tip to resist scar contracture during healing. To increase projection
further and resist cephalic rotation due to the columellar strut, the lateral crura and
dorsum should be augmented. This can be achieved with spreader grafts that extend
beyond the dorsal septum, with the free ends projecting against a shield graft. As an
alternative, the cephalic aspect of the alar cartilages can be augmented with interposi-
tional cartilage grafts to push the nasal tip inferiorly.

Underrotation of the Nasal Tip=Dependent Tip

The choice of technique to achieve cephalic rotation of the nasal tip depends largely
on the additional need for an increase in nasal projection. The illusion of a minor
degree of cephalic tip rotation can be achieved by blunting the nasolabial angle with
cartilage-plumping grafts or synthetic grafting material. In some cases, nasal tip pro-
jection may be adequate or excessive. Standard reduction techniques including alar
cartilage reduction with or without suture fixation are appropriate to achieve cepha-
lic rotation with a variable degree of deprojection. In addition, caudal resection of
the nasal septum may be needed. To achieve significant cephalic rotation and an
increase in nasal projection, the Goldman tipplasty or lateral crural steal may be
used (see above). As mentioned, these techniques require significant dissection and
alteration of the tip cartilages. Scarring, contour irregularities and asymmetry are
common side effects. In contrast, augmentation rhinoplasty techniques use cartilage
grafts that are inset into the nasal tip and require little manipulation of the existing
cartilaginous framework. Cephalic rotation is primarily achieved by augmenting the
strength and length of the medial crural component of the tripod using columellar
struts. An increase in projection of the nasal tip is a byproduct. Combined with inter-
domal sutures and modest complete strips, this technique will result in a well-pro-
jected and rotated tip with good definition. Healing is predictable with minimal
scarring and the cartilage grafts lend support to the tip to resist contracture during
normal healing.

Advanced Nasal Dorsum Techniques

Low Radix

The position of the radix is an important consideration in rhinoplasty. On profile, a
low radix can make an appropriately projected nasal tip appear overprojected. In
contrast, a high radix essentially lengthens the nasal dorsum, making an otherwise
normal nasal tip appear inadequately projected. By positioning the radix at the
appropriate height and normalizing the relationship between dorsal length and nasal
tip projection, the surgeon can achieve apparent cosmetic benefits in nasal tip pro-
jection without ever touching the nasal tip. For example, an apparent decrease in
tip projection and restoration of nasal balance may be achieved by placing a radix
graft.
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A prominent radix will usually also be displaced superiorly and a deep-set radix
is often displaced inferiorly. Anterosuperior movement of a low radix will require
augmentation over the upper nasal dorsum. Posteroinferior movement requires
removal of nasal bone and soft tissue above the desired level of the radix. Movement
of the radix in a purely posterior direction (retrodisplacement) requires removal of
bone and soft tissue from both the nasal and frontal components of the nasofrontal
angle (12).

Anterosuperior displacement of the radix opens the nasofrontal angle, length-
ens the nose, and gives the illusion of decreased nasal tip projection. Posteroinferior
displacement of the radix makes the nasofrontal angle more acute, shortens the nasal
dorsum, and gives the illusion of increased projection of the nasal tip.

To move a prominent radix posteriorly, a combination of bone and soft tissue
(subcutaneous tissues including procerus muscle) must be removed. To deepen the
radix, the portion of the nasal bones cephalic to the intercanthal line must be planed
down. The nasal bones above the intercanthal line are quite thick, approaching
6mm, and resist osteotomy. A typical lateral osteotomy rarely extends above the
intercanthal line because of the thickening nasal bones in this area. Removal of
the anterior projection of nasal bone between the intercanthal line and the nasofron-
tal suture (approximately 10.7mm in length) is difficult and routine osteotomy is
inadequate. Although removal of bone above the nasofrontal suture (glabella) can
be performed conservatively it carries the risk of entering the frontal sinus. Removal
of the cephalic-most nasal bone and soft tissue over the inferior glabella should pro-
vide sufficient retrodisplacement of the radix in most cases. A few millimeters of
cephalic nasal bone can be effectively planed using a curved osteotome placed in
the midline through a transnasal approach. However, there is only a 25% soft tissue
response to bone reduction in this area (13). Therefore, removal of 4mm of bone at
the nasion results in 1mm of soft tissue retrodisplacement at the radix. Deeper gou-
ging requires additional osteotomies oriented in an anteroposterior direction to
release the osteotomized bony segment. The anteroposterior osteotomies must be
performed percutaneously (12,13). Alternative methods of removing bone and redu-
cing the anterior projection of the nasal bones include using a powered guarded burr
and using a straight osteotome up to the nasofrontal suture. One disarticulates the
nasal bone from the frontal bone and removes the segment (13,14). Bony refinement
is accomplished with a rasp subsequent to en-bloc removal of nasal bone.

Anterosuperior displacement of a deep radix requires augmentation of both the
nasal and forehead components of the nasofrontal suture. Superior vertical move-
ment of the radix is possible with midline augmentation of the cephalic-most nasal
bones up to the frontonasal suture. Often a small nasal hump must be removed
and this can be done prior to placement of the radix graft. The graft may be obtained
from the septum, conchal bowl, or remnants of lower lateral cartilage after a com-
plete rim strip. The cartilage can be morselized to follow the contour of the nasal
root and stacked as needed. A cartilage graft placed over the upper nasal dorsum
can be introduced into the nose using a suture. The suture is introduced percuta-
neously at the desired location of the cephalic edge of the graft and pulled through
under the skin, feeding it out through the intercartilaginous incision or the opened
nose in the case of open rhinoplasty. The suture is then passed through the cephalic
aspect of the graft and again through its caudal aspect. The needle is then reintro-
duced into the nose and passed through the skin at the desired caudal aspect of
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the graft. When the surgeon pulls on both the superior and inferior sutures, the graft
is pulled into the nose over the dorsum. The free ends of the suture are tied holding
the underlying graft in place. The suture may be safely removed in 1 week.

Narrow Middle Vault and Nasal Valve Dysfunction

The association of narrow middle vault and obstruction of the nasal valves is com-
mon. A variety of grafting techniques are available to widen the nasal valves. Most
commonly, spreader grafts are used because they cause relatively minor degrees of
nasal widening. Spreader grafts are placed between the upper lateral cartilage and
the septum. In addition, flaring sutures (secured to the upper lateral cartilages in a
horizontal mattress fashion and tied across the midline), splay grafts, butterfly
grafts, and nasal valve suspension sutures are useful in selected patients.

Spreader grafts will slightly widen the cartilaginous dorsum and prevent an
overly narrowed appearance (i.e., the inverted V deformity) after reduction rhino-
plasty. The spreader graft is harvested from the cartilaginous septum or ear as pre-
viously noted. The endonasal (closed) approach is a convenient and quick way to
place the graft. A splay graft is placed via an open rhinoplasty approach. The graft
takes advantage of the dorsal septum, using it as a fulcrum to suspend the upper lat-
eral cartilages. It must be placed under the upper lateral cartilages. These grafts tend
to stent the nasal valves open and widen the nasal dorsum to a greater extent than
spreader grafts. Since the external appearance of the nose is subject to overwidening,
the application of the graft is limited. The upper lateral cartilage can also be pulled
laterally, opening the nasal valve through traction on the lateral nasal wall and lat-
eral crura. The technique of nasal valve suspension takes advantage of this mechan-
ism by suspending the lateral nasal wall to the orbital rim periosteum using a buried
nonabsorbable suture (15). This is a novel technique with little long-term follow-up.
As the suture is pulled taught, there can be significant widening of the lateral nasal
subunit.

The nasal valve area can also be narrowed most commonly by iatrogenic med-
ialization of lateral crura. This occurs after suture medialization of the domes that
results in medial movement of the alar cartilages. It should be corrected during
the primary procedure either by altering the tip sutures or by placing lateral crural
strut grafts to support the medialized edges.

Scarring across the nasal valve most commonly occurs after rhinoplasty. Local
flap rotation and free mucosal grafts are rarely successful in correcting this problem
because of excessive bulk or scar reformation. Appropriate treatment consists of scar
lysis and placement of a small Silastic stent that should remain for 3–5 weeks.

SPECIAL CONDITIONS

Lengthening a Short Nose

The three principles of repairing a short nose are wide undermining, restoration and
augmentation of structure and function, and release of internal lining. The open
approach is preferred to allow complete visualization and access to the lower two-
thirds of the nose. Complete separation of the cartilages and wide undermining of
the skin envelope and inner lining proceed. Once the nose is completely degloved
and disassembled, the nasal tip is pulled inferiorly to simulate lengthening the nose.
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This will cause separation of the upper and lower lateral cartilages that should be
maximized by dissecting the upper and lower lateral cartilages apart at the scroll
areas. At this point, the inner lining will restrict further caudal displacement of
the tip despite previous wide separation of the lining over the quadrilateral cartilage.
Nonopposing releasing incisions are created through the mucoperiosteum perpendi-
cular to the dorsal edge of the quadrilateral cartilage about 1–2 cm in length (16).
The nasal tip moves caudally as these releasing incisions expand. In moderate-to-
severe cases, three areas of soft tissue and structural (cartilaginous) voids are created.
First, with inferior traction on the nasal tip, the vertical staggered incision through
the mucoperiosteum along the dorsal septum leaves wide (about 1 cm) areas of
exposed cartilage. Since there is rigid framework (i.e., the quadrilateral cartilage),
there is little tendency for retraction during healing and the raw areas readily heal.
Second, release of the upper lateral cartilage from the lower lateral cartilage creates
a void between these structures. The lack of cartilage in the scroll area will result in
significant cephalic pull on the nasal tip during healing. Therefore, this defect must
be filled in with a rigid graft. In the absence of an underlying vestibular mucosal inci-
sion and defect, a simple cartilaginous interposition graft sutured into place is suffi-
cient. The graft is usually triangular and placed with its base secured along the
septum. In cases of moderate-to-severe retraction, a vestibular-releasing incision is
often required along the cephalic border of the lateral and intermediate crura. With
further inferior traction on the nasal tip, the vestibular incision gapes, resulting in a
composite defect that must be filled in with a composite graft. A conchal chondro-
cutaneous composite graft is ideal. The graft is taken from the anterior conchal bowl
because the skin is tightly adherent and over the concave (inner) side of the graft
(Fig. 12). The composite graft may be triangular or designed as a gull-wing to
achieve more inferior displacement of the medial aspect (including the medial crus)
of the lower lateral cartilage (17). The void along each lateral crus should be ade-
quately filled to prevent inordinate superior traction on the ala. Lengthening the dor-
sum without expansion of the nasal sidewalls will result in distortion of the alar–
columellar relationship and alar notching. The third void created is along the caudal
aspect of the septum and septal angle. Substantial structural support, especially cau-
dal to the septal angle, is necessary. Support and grafting in this area are most often
combined with dorsal augmentation (from radix to nasal tip) and augmentation of
the medial leg of the tripod (i.e., the columella). Grafts placed along the nasal dor-
sum are perhaps the most important component of the repair because they serve to
secure the nasal tip in its new position. Without adequate dorsal structural support,
the strong vertical contractile forces during healing would overwhelm the interposi-
tional grafts and the deformity would recur.

The most significant variations in the technique to lengthen a short nose
involve structural correction along the caudal septum and nasal dorsum. The more
severe the short nose deformity, the more substantial and rigid the repair must be.
Grafts for augmentation and structural rigidity range from a simple caudal septum
batten graft to a full dorsal onlay graft from radix to nasal tip, consisting most com-
monly of an osseocartilaginous rib graft or interlocking split calvarial bone grafts. In
the simplest case with a mild-to-moderate deformity, a batten graft is secured along
the caudal septum caudal to the septal angle (approximately 2.5� 1 cm). The graft
serves effectively to extend the caudal septum and anterior septal angle less than
1 cm and provides support and projection to the tip in the form of a columellar strut.
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This technique will be inadequate to resist the contractile during healing in most
cases. Additional stability is provided if extended spreader grafts are placed as well.
These grafts are fashioned so that their caudal ends extend beyond the caudal sep-
tum to the desired position of the nasal tip. The caudal ends are secured to the batten
graft that lies between the medial crura and domes (flying buttress technique) (18).
This technique is useful if the deformity is mild-to-moderate in degree and nasal dor-
sal augmentation is not needed. The spreader grafts will also improve pre-existing
nasal valve obstruction in the absence of scarring. Unfortunately, spreader grafts
are best obtained from the septum but adequate septal cartilage is often unavailable
in these cases.

A rib graft along the dorsum is most commonly used. This provides substantial
rigid support while serving to augment a deficient dorsum (saddle nose deformity).
The rib graft is harvested from the costochondral junction of the seventh through the
tenth ribs via an inframammary incision. The graft is harvested as an ‘L’ shape to
include a columellar strut placed in the usual position between the medial crura

Figure 12 Vertical septal releasing incisions and composite grafts to lengthen a short nose.

Note the offset vertical incisions placed through the mucoperiosteum to allow advancement of
the nasal tip. These incisions open as the nasal tip is brought forward. A composite conchal
graft is taken to act as a spacer between the caudal aspects of the upper lateral cartilages and

alar cartilages. The dehiscent inner lining is resurfaced with the skin of the conchal bowl.
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and domes. The bony portion of the graft is secured to the nasal bones either end-to-
end for minimal dorsal augmentation or to the nasion to augment the profile in this
area. The graft may be secured to the nasal bones using micromini plate fixation,
wire osseointegration, or temporary Kirschner wire fixation (14 days) (17). The main
disadvantage of this method is that the rib graft has a tendency to warp over time. In
an attempt to prevent this significant problem, Gunter et al. have placed a buried
Kirschner wire through the graft’s longitudinal axis (19). An alternative method that
provides similar rigid fixation with a much-reduced risk of warping is split calvarial
grafting. Split calvarial grafts are harvested through an incision in the parietal scalp.
The grafts are thinned to approximately 1mm and measure 1� 5 cm (20). A single
graft is placed flat over the nasal dorsum and secured to the nasal bones as an over-
lay or end-to-end depending on the need for dorsal augmentation. The distal (cau-
dal) end can be grooved to accept a split calvarial columella strut in a tongue-in-
groove fashion (21). The two segments are secured with a single screw and the distal
conjoined end is burred to eliminate sharp edges. The major drawback to this
method is the excessive rigidity created in the nasal tip. This effect can be minimized
with adequate tip grafting and suture modification of the domes.

The final steps in correcting the short nose involve techniques to improve the
nasal valve and to provide strategically placed grafts that enhance nasal length
visually. A sculpted radix graft is needed in patients with a low radix that remains
uncorrected after dorsal grafting. This will enhance the effect of nasal lengthening
and adds to the overall result. Single or stacked nasal tip grafts (e.g., shield grafts)
will serve two purposes. First, the graft(s) will camouflage the sharp caudal end of
a rigid dorsal overlay graft and create aesthetic dome-defining points. Second,
stacked grafts will aid in nasal lengthening. Once all the grafts are secured, the nasal
access incisions are closed in the standard fashion. Prior to closure, further under-
mining over the pyriform apertures and ascending processes of the maxilla and
glabella may be necessary to provide adequate soft tissue release to allow a
tension-free closure.

Crooked Nose

A true crooked nose deformity is characterized by deviation of the nasal dorsum or
tip from the midsagittal plane. The illusion of a crooked nose (pseudo-crooked nose
deformity) is created when the dorsum and tip are aligned in the midsagittal plane
but there is a relative deficiency of tissue along the nasal sidewall. True crooked nose
deformities are classified into nasion-related, rhinion-related, or mixed. Nasion-
related deformities are characterized by departure of the nose from the midsagittal
plane beginning at the nasion with good intrinsic alignment of the dorsum and nasal
tip. Rhinion-related deformities are characterized by a nose that deviates at the rhi-
nion with an upper nasal dorsum that is aligned with the midsagittal plane. A mixed
deformity is characterized by deviation at both the nasion and rhinion, usually in
opposite directions, giving rise to the classic ‘C’-shaped (rightward deviation at
the nasion) or a reverse ‘C’-shaped (leftward deviation at the nasion) appearance
to the nasal dorsum (Fig. 13). This classification is useful not only for descriptive
purposes but also for determining the appropriate surgical approach. Pure nasion-
related deviations may only require osteotomies via a closed approach for repair
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while most rhinion and mixed deformities are more difficult to repair and require an
open approach and extensive bony and cartilaginous work.

Additional deformities often associated with a twisted nose include severe cau-
dal septal deflections, asymmetrical nostrils, nasal valve obstruction, and deviation
of the nasal septum. The correction of these deformities is usually incorporated into
the overall plan for reconstruction.

The majority of crooked noses arise as a result of prior trauma, especially in
childhood. Traumatic deformities in childhood may worsen as the nose matures,
principally during puberty which is typically a period of rapid nasal growth. Prior
nasal surgery may lead to a twisted nose deformity from flawed osteotomies, dis-
articulated upper lateral cartilages, unrecognized septal deformities, malpositioned
sutures, or errant scarring causing misalignment of the upper or lower lateral
cartilages.

Figure 13 Typical C-shaped twisted nose deformity. Note how the nasal dorsum deviates

from the midline, first to the right at the nasion and then to the left at the rhinion.

Advanced Rhinoplasty 827



The problems encountered when treating the twisted nose are multiple and
deceivingly complex. In the usual case, all parts of the nose are involved including
the upper third, middle third, lower third, and nasal septum. The rigid and suppor-
tive keystone area and the intricate interface between the middle third and the nasal
tip are the most problematic areas to correct. Special areas of concern intranasally
that are difficult to correct include deviations of the nasal septum that involve the
dorsocaudal strut and internal nasal valve. The nasal bones (upper third) require
osteotomy or camouflage grafts for correction and, although the problem of memory
is of least concern in this area, the surrounding structures often impede accurate and
stable repair. Deviations of the perpendicular plate of the ethmoid under the nasal
bones may impede movement of the nasal bones after osteotomy. The rigid and
three-dimensional connection of the caudal nasal bones, upper lateral cartilages,
and upper cartilaginous septum at the keystone area will also greatly impede move-
ment of the nasal bones after osteotomy. Disassembly and reconstruction of the key-
stone area will be required. In long-standing deviations involving the middle and
lower thirds of the nose, discrepancies in the lengths and heights of the upper lateral
cartilages are often present. Intractable deviation of the dorsal septum and nasal
valve obstruction will accompany this deformity in all cases. Deviation and moder-
ate-to-severe twisting of the nasal tip may be secondary to a vast array of problems.
The support and structure of the nasal tip are entirely cartilaginous and the major
and minor tip support mechanisms are intricately related. For example, long-stand-
ing deviation of the nasal tip may be associated with buckled or foreshortened mid-
dle and lower medial crura on the side of the deviation. Deviation of the caudal
septum may also be associated with irregular or deficient medial crura and nasal
valve obstruction or alar collapse. Despite correction of the nasal septum, the nasal
tip deformity persists because of these secondary deformities. Structural grafts and
redirecting sutures are commonly needed to correct even minor twisting of the nasal
tip, which are best placed through an external rhinoplasty approach.

Three basic surgical methods are used to correct the twisted nose depending on
existing pathology. The first is osteotomy alone through a closed approach with
minimal degloving of the surrounding soft tissue envelope. This approach is used
to correct deviations of the nasal dorsum emanating from misdirected nasal bones
(nasion-related). Once the upper third of the nose is realigned with the midsagittal
plane, the middle and lower nasal thirds should follow suit because the nose itself
is intrinsically straight. The second method involves cartilaginous reconstruction
alone through a closed or open approach without osteotomy. This approach is
reserved for cases of mild deviation limited to the dorsum at or below the rhinion
(rhinion-related). The focus of this operation is correction of deviation of the dorso-
caudal strut portion of the quadrilateral cartilage and asymmetries of the upper lat-
eral cartilages. More severe deviations may require osteotomies to redirect the upper
portions of the upper lateral cartilages at their rigid connection with the caudal
aspect of the nasal bones. The third method involves osseous and cartilaginous
reconstruction through an open rhinoplasty approach. This is useful for correction
of moderate-to-severe rhinion-related and mixed deviations of the nose. Although
this approach is seemingly more ‘radical’, it is the most common approach used
because of the difficulty in achieving a favorable and long-lasting result in the major-
ity of patients with a twisted nose deformity. In cases of a moderate-to-severe devia-
tion of the nasal tip, an open rhinoplasty approach is preferred. This facilitates
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accurate assessment of the problem, placement of grafts and sutures, and access to
the dorsal septum and anterior septal angle. In general, the endonasal approach
has more limited application in the treatment of the twisted nose. The endonasal
approach is used if the dorsocaudal strut is minimally involved and there exists only
mild deviation of the middle third of the nose at or below the rhinion.

Patients with pseudodeviation may be lacking soft tissue or bone, giving the
appearance of a twisted nose. However, realignment is unnecessary because the nasal
dorsum does not deviate from the midsagittal plane. If the only goal is to make the
nose appear straight, correction most often will be limited to the use of onlay grafts
placed through a closed approach within the areas of tissue deficiency.

Camouflage techniques using grafts are often useful in cases of true twisted
nose deformities and to even out irregular areas or to make a mildly deviated dorsum
appear straight. Nasal septal quadrilateral cartilage is the graft of choice and is har-
vested by a traditional submucous resection of the septum. There is little long-term
resorption and a variety of struts, splay, and onlay grafts can be fashioned from a
single piece. In revision cases, the nasal septum may be missing so alternative sources
of cartilage must be sought. Most commonly, the cartilage from the conchal bowl is
harvested. It is curved and is less ideal for many applications but may be used effec-
tively for camouflage. Onlay camouflage grafts should be trimmed and tapered to
eliminate sharp edges. To make the grafts maximally conformable, they may be mor-
selized. Morselization will increase absorption of the graft, so slight overcorrection
will be necessary. Acellular dermis (AlloDerm, LifeCell Corporation, Branchburg,
NJ) is a useful product consisting of sheets of skin that allow fibrous ingrowth
and collagen deposition. Maintenance of volume is poor over the long term but this
product can be used to smooth surface irregularities.

Surgical correction of deviated nasal bones must address the nasal bones
themselves, ascending processes of the maxilla, perpendicular plate of the ethmoid,
and the complex keystone area. Camouflage grafts may be used efface minor irre-
gularities but multiple osteotomies are usually required. The types of osteotomies
differ from those typically used in primary or even revision rhinoplasty. Unilateral
osteotomy or a combination of medial, transverse, intermediate, and lateral osteo-
tomies may be required. A basic fact that must be remembered when considering
the types of osteotomies required is that an osteotomy will result in medial col-
lapse of the osteotomized segment. This is particularly relevant to the lateral
osteotomy where there is no medial bony support. Attempts to lateralize a con-
cave nasal bone-ascending process complex through a combination of medial
and lateral osteotomies will fail despite internal splinting and packing. Instead,
medialization of the opposite nasal bone or ipsilateral onlay grafting should be
considered. Correction of a deviated nasal bone complex is most commonly
accomplished through a series of osteotomies referred to as ‘the open-book
method.’ Particularly relevant using this method is the conspicuous absence of
the lateral osteotomy on the concave side for reasons mentioned previously. The
open-book method consists of sequential osteotomies that result in movement of
the nasal bones that is likened to turning the pages of a book from the concave
to the convex side (22) (Fig. 14). In the typical case, the nasal bones are deviated
from the nasion towards the right side, resulting in a relative medial position of
the left aspect of the nasal pyramid and a relative rightward shift of the right nasal
pyramid. Since lateralization of the left nasal pyramid is not feasible or desirable

Advanced Rhinoplasty 829



in most cases, the right aspect of the nasal pyramid is medialized using this
method.

The sequence of osteotomies is as follows: left medial osteotomy, left transverse
osteotomy, right medial osteotomy, transverse root osteotomy, right transverse obli-
que osteotomy, and right low lateral osteotomy. The medial osteotomies also serve
to disarticulate the cephalic upper lateral cartilages from the septum in the midsagit-
tal plane at the keystone area. Following the left medial and transverse osteotomies,
the left nasal bone is rotated to the left, leaving an open dorsum to the left of the
nasal septum. An intermediate osteotomy may be required prior to rotation if the
nasal bone is fixed. Following the right medial and transverse root osteotomies,
the nasal septum (perpendicular plate) is rotated to the left, closing the open roof
on the left but creating an open roof on the right. The perpendicular plate is frac-
tured during this maneuver. If the perpendicular plate is deviated, then limited resec-
tion may be necessary. The right transverse oblique and low lateral osteotomies
allow medial collapse of the right aspect of the nasal pyramid that finally closes
the open roof. Separation of the skin from the nasal bones (undermining) should
be limited so that the skin envelope will help to stabilize the multiply osteotomized
bony segments. For this reason, performing the lateral osteotomy with a 2mm osteo-
tome percutaneously through a small stab incision between the ipsilateral dorsum
and medial canthus is useful. The scar is not visible in the vast majority of cases.

Figure 14 Open book method of osteotomy to correct a twisted nasal dorsum. For a nasal

pyramid that is deviated to the right, the sequence of osteotomies is as follows: (1) left medial
osteotomy, (2) left transverse osteotomy, (3) right medial osteotomy, (4) transverse root
osteotomy, (5) right transverse oblique osteotomy, and (6) right low lateral osteotomy. The

initial osteotomies (1 and 2) will allow the left nasal bone and underlying septum to be
fractured toward the left side, creating an open nasal dorsum as demonstrated. An additional
intermediate osteotomy may be required to accomplish this step. The right nasal bone then is

collapsed medially after the subsequent right-sided osteotomies are completed.

830 Dolan and Milgrim



A benefit of the percutaneous osteotomy is that the periosteum is merely perforated
and not stripped from the underling nasal bones, lending stability and limiting med-
ial collapse. If the concave side remains too depressed, then a graft should be placed
to efface and fill the defect.

Deviations at the rhinion involve the keystone area and nasal tip, which are
two of the most complex areas of the nose. The typical twisted nose will have a right-
ward deviation beginning at the nasion and a leftward deviation starting at the rhi-
nion (‘C’-shaped). These mixed deformities require a host of specialized rhinoplasty
techniques including open rhinoplasty, nasal disassembly, sequential osteotomies,
specific reshaping of the upper and lower lateral cartilages, unique suture placement,
the use of specialized grafts, and extensive septal reconstruction. In some cases, the
deviation only involves the middle third of the nose (rhinion-related) and repair may
only entail cartilage reconstruction. Yet even in these cases, extensive nasal disassem-
bly and reconstruction may be necessary.

Deviated nasal bones are corrected first through sequential osteotomies since
the nasal bones will alter the nature of the deviation at the rhinion owing to their
firm attachment to the cephalic upper lateral cartilages and nasal septum. The dor-
socaudal strut is always deviated and it is sometimes tempting to blame most of the
external nasal deviation on the septum. However, straightening the septum will not
significantly affect the appearance of the nose because the vast majority of external
deviations are multifactorial. Among the multiple anatomical reasons for a twisted
nose, the one often most responsible is malpositioned and asymmetrical upper lateral
cartilages. Through the open rhinoplasty approach, the nasal cartilages are exposed
and the upper and lower lateral cartilages are separated from the septum in a process
of progressive nasal disassembly. First, near the anterior septal angle the nasal sep-
tum is exposed sharply with care taken not to disrupt the mucosa surrounding the
nasal valves. This is the easiest area in which to expose the nasal septum since the
caudal lower lateral cartilages slightly diverge in this area. The nasal septum is rela-
tively thin and delicate at the angle so dissection must proceed with care. With the
underlying mucosa preserved, the septum is exposed and submucoperiosteal flaps
are dissected widely including along the dorsal septum to the junction of the nasal
bones. A knife is passed on each side of the dorsal septum and swept anteriorly to
separate the upper lateral cartilages from the septum. Full access to the nasal septum
is now possible and the dorsocaudal strut is examined. Severe deviations, including
those involving a significant caudal deflection, may be difficult to realign despite
scoring and suturing. In these cases, it may be best to remove the quadrilateral car-
tilage entirely and fashion a reinforced dorsocaudal strut on the back table (Fig. 15).
Although the whole cartilage may be curved, it is often possible to suture together
two pieces of cartilage with opposite bends that will result in a straight and rein-
forced segment. With the whole quadrilateral cartilage accessible, there should be
ample cartilage available to fashion a straight reinforced dorsocaudal strut.
Additional cartilage projecting slightly beyond the native anterior septal angle is
desirable for added tip support. As an alternative, spreader grafts harvested from
the posteroinferior quadrilateral cartilage can be placed along the dorsal septum.
The spreader grafts help to stabilize and strengthen the dorsal strut while maintain-
ing it in the corrected position. The spreader grafts should extend beyond the ante-
rior septal angle to lend additional support and stability to the nasal tip. This
technique is most useful when there is an easily correctable or insignificant deviation
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along the caudal septum. Once the dorsocaudal strut and nasal bones are in their
corrected position, the nose is again examined. It will be evident that the deviation
is persistent because of the uncorrected upper lateral cartilages. Manually moving
the tip to midline will expose the anatomical reasons for the persistent deviation.
In the usual case, the dorsal aspect of the upper lateral cartilage on the side opposite
the deviation will project above the level of the dorsal septum after manual correc-
tion. This cartilage will also appear too long and resist correction. Dorsal and caudal
trimming of the upper lateral cartilage followed by suture fixation of the trimmed
caudal end to the ipsilateral lower lateral cartilage at the scroll area will help to main-
tain the nose in the reduced position. Spacer grafts between the upper lateral carti-
lage on the deviated side and the ipsilateral lateral crus may also assist in correcting
the deviation.

Cleft Rhinoplasty

A cleft lip nasal deformity refers to the pathological anatomy found in association
with a congenital cleft lip deformity. The anatomical features and severity of the
nasal deformity vary but all cleft lips are associated with a cleft lip nasal deformity
regardless of the degree of clefting in the palate. The original unilateral unrepaired
cleft is associated with several unique nasal deformities (Table 1). The bilateral cleft
lip nasal deformity is similar except that the anatomical abnormalities are bilateral
and symmetrical and the columella is uniformly shortened.

Primary cleft repair usually commences in infancy and includes preoperative
palatal orthopedics followed by some variation of the Millard cheiloplasty (23)
(see Chapter 10 on ‘Cleft Lip and Palate’). The modern approach to primary cleft
repair includes several techniques aimed at improving nasal tip aesthetics. Primary
rhinoplasty during the original cleft repair can achieve good symmetry and aesthetics

Figure 15 The dorsocaudal strut of quadrilateral cartilage after straightening. The entire
quadrilateral cartilage was removed during an external septorhinoplasty and straightened ex
vivo. The strut will be replaced in the nose and secured.
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of the nasal base and alae using relatively conservative techniques including cartilage
release and temporary suture fixation and bolsters. Secondary correction of the same
abnormalities requires more aggressive techniques. Early dissection of the nasal tip
and alar base during the initial repair was once avoided because of the presumed
adverse effects on nasal growth. This perception was based on the finding that sep-
toplasty involving extensive submucoperiosteal resection is linked to nasal growth
retardation in humans and animals. However, no reliable evidence exists to indicate
that wide dissection and cartilage repositioning lead to growth disturbances
(24–26). In fact, early so-called ‘definitive’ repair of the cleft lip nasal deformity
may lead to a more normal growth pattern while avoiding the social problems that
patients with significant orofacial deformities experience (27). Most contemporary
surgeons treat the lip and the nose to achieve a complete repair. The main goal dur-
ing primary repair relating to the nasal tip is symmetry of the nasal base and alae by
reshaping and repositioning the affected ala, lower lateral cartilages, and columella.
Nevertheless, even aggressive early repair often proves inadequate in the long term
because, despite achieving a nearly normal appearance in childhood, the nose will
again appear abnormal after the pubertal growth spurt. Some degree of secondary
correction will be necessary regardless of surgical therapies before adolescence and
must be performed after midface growth is complete (between 16 and 18 years of
age in girls and 17 to 20 years in boys).

The appearance and function of the nose vary greatly in adulthood depending
on the severity of the original cleft deformity and prior surgical treatments. A thor-
ough preoperative examination including a detailed nasal analysis is necessary prior
to secondary rhinoplasty. Typical findings from the preoperative analysis are listed
in Table 2. Severe maxillary hypoplasia or crossbite deformities may be an indication
for maxillary advancement and Lefort osteotomies. Consultation with an oral sur-
geon before embarking on secondary rhinoplasty is required in this circumstance.
Secondary rhinoplasty can often be limited to work on the middle and lower thirds
of the nose and septum, since the upper third of the nose including the nasal bones is
generally spared in this deformity. The procedure includes all the typical techniques
of open augmentation rhinoplasty including extensive cartilage grafting, open septo-
plasty, and nasal tip repositioning and reshaping. The main difference between

Table 1 Unrepaired Unilateral Cleft Lip Nasal Deformity

Retrodisplaced and hypoplastic lower lateral cartilage
Depressed dome
Concave lateral crus
Shortened columella on cleft side

Caudal septal deviation or dislocation toward noncleft side
Absent nasal sill
Hypoplastic maxilla

Flattened or concave ala
Horizontally oriented nostril
Effaced alar facial groove

Alar hooding (flattened nostril apex)
Slanted columella with base toward noncleft side
Alar base substantially inferiorly and laterally displaced
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augmentation rhinoplasty in the patient with a cleft deformity and the patient with-
out a cleft deformity is the need to reposition the underlying alar cartilage, nostril,
and ala to achieve symmetry within the nasal tip and base, and to restore vestibular
lining. Repositioning the alar cartilage achieves several secondary goals including
dome symmetry, a more vertically oriented and symmetrical nostril, and ipsilateral
columellar lengthening. Surgical maneuvers unique to the repair of the cleft lip nasal
deformity are listed in Table 3. Alar repositioning has been performed using a variety
of techniques but most involve some degree of composite repositioning of the lower
lateral cartilage with secondary beneficial effects as mentioned. The ipsilateral dome
is elevated by recruitment of cartilage and skin either medially or laterally. For
example, superolateral rotation of a composite flap that includes vestibular lining,
medial crus, and lip scar brings additional lining and cartilage to the dome and
lengthens the columella (Fig. 16). Various techniques that have been reported
include superolateral sliding rotation flaps using midcolumellar and nasal tip trans-
cutaneous incisions, a marginal incision using a medial crural composite flap
advanced toward the ipsilateral depressed dome, and an incision carried into the
lip scar that advances the scar superiorly to lengthen the columella (28–30). A chon-
drocutaneous flap advanced from lateral-to-medial has also been used with success
(31). Aside from alar repositioning, premaxillary and pyriform grafting are needed to
achieve complete symmetry of the nasal base and correct the often severely closed
nasolabial angle. The grafts are placed via a nasal sill, alar groove, or sublabial inci-
sion. Subperiosteal pockets are created over the face of the maxilla beneath the naso-
labial angle and alar groove. The grafts lie deep within the tissue so rejection is rarely
a problem. A variety of grafting materials is well tolerated in this area and, although
cartilage can be used, Gore-Tex is an acceptable and widely used alternative.

When significant alar repositioning and columellar lengthening are not needed,
a standard open rhinoplasty may be performed (32). The lower lateral cartilage
is completely released and separated from the overlying skin and

Table 2 Secondary Unilateral Cleft Lip Nasal Deformity

Hypoplastic maxilla
Acute nasolabial angle
Slightly shortened upper lip
Asymmetrically depressed nasal tip

Flattened ipsilateral dome and nostril
Irregular thin concave alar cartilage
Shortened columella on the cleft side

Alar–columellar (nostril apex) webbing
Caudal septal deviation into the normal side

Table 3 Unique Surgical Techniques for the Unilateral Cleft Lip Nasal Deformity

Composite repositioning of the lower lateral cartilage

Superior advancement of the ipsilateral columella
Pyriform aperture and premaxillary grafting
Placement of draw and trans-alar temporary stay sutures

Repair of the webbed nostril apex
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vestibular lining. This allows the cartilage to be repositioned independent from the
abnormally positioned linings. The lower lateral cartilage is pulled medially to
recruit cartilage and create a new anatomical dome that is elevated and symmetrical
with respect to the normal side. The lateral crus is also repositioned to a more nor-
mal cephalic position and suture-suspended to the contralateral upper lateral carti-
lage (33). Batten grafts and a columellar strut are sutured into position and
interdomal sutures are used to secure the new dome into place. A dorsal cartilagi-
nous onlay graft may also be necessary. The linings are redraped, supported by
the new underlying cartilaginous structural configuration. The lateral alar attach-
ment is thinned and repositioned as needed and plumping grafts are placed along
the pyriform rim and maxilla.

A common residual deformity, despite adequate alar repositioning and symme-
try, is webbing at the nostril apex. This problem has been corrected using various
transcutaneous techniques, the simplest of which involve excision of skin above
the nostril rim to efface the web. Contemporary treatment of this deformity involves
a simple skin incision along the desired location of the nostril margin. Thus creates a
newly positioned nostril rim. The excess skin can be turned in to create additional
lining in the area of the dome.

Correction of the bilateral cleft lip nasal deformity requires many of the tech-
niques used in the unilateral cases. However, collapse of the nasal tip and shortening
of the columella can be severe in the bilateral cases and requires special techniques
for repair. The dorsal middle third of the nose must also be further augmented to
match the corrected nasal tip. The main problem is lengthening the columella and,
although cartilage grafts are helpful, recruitment of skin and lining from the upper
lip and nasal floor is usually required. New concepts and surgical techniques applied
during the initial repair, especially using premaxillary orthopedics and primary alar
correction, have minimized the problem of a short columella (34). Sufficient tissue
exists that a columella of sufficient length can be constructed primarily, thereby
avoiding the problem of a foreshortened columella in adolescence and adulthood.
Nevertheless, if a shortened columella is present, then a columellar lengthening pro-
cedure will be necessary. Two popular columellar lengthening procedures are Cro-
nin’s advancement flaps and (2) Millard’s forked flap. Cronin advanced tissue into
the base of the columella using bilateral V-Y nasal floor advancement flaps (35).
Millard’s forked flap involves raising two peninsulas of skin, one on either side of

Figure 16 Superolateral rotation of the ala to correct a flat and deficient nostril associated
with a cleft lip. Note the proximally based sliding lip flap transposed into the nostril along the
lateral crus.
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the prolabium (along the philtral columns), and advancing each flap in a V-Y fash-
ion to the base of the columella. Millard’s forked flap may also be raised during the
initial repair and stored within the nasal sills to be used later for columellar length-
ening when the child is 2–4 years of age (34,36).

Rhinoplasty in the Aging Patient

The aesthetic goals for the aging patient are subtly different from those of their
younger counterparts. Most of their desires lie in the correction of deformities
acquired from the aging process, which causes specific changes to nasal architecture
and function. The more mobile parts of the nose, including the skin envelope and
cartilages, become lax and sag. The lower lateral cartilages thin and undergo partial
ossification. There is a loss of support in the nasal tip due to the lack of resiliency of
the overlying skin and underlying nasal cartilages and the progressive loosening of
the fibrous infrastructure of the nose. The tensile strength of the cartilages and
fibrous attachments at the nasal valve also weaken, causing nasal obstruction.

Correction of the multiple deformities associated with aging primarily involves
strengthening and restoring the youthful position of the nasal cartilages. Sutures and
grafts placed within the nasal tip and middle third of the nose are required. An open
approach is needed because the majority of the work is within the nasal tip, with
extensive grafting and suture placement. Using the open approach, mucosa can be
spared, grafts can be applied, and tip techniques can be used without disrupting
the delicate internal architecture of the nose. Typical augmentation techniques
may be used to derotate and strengthen the nasal tip. Columellar struts and interdo-
mal suturing are usually needed. Surface grafts (i.e., shield graft) should be used
sparingly because of the thin overlying skin. Sutures between the upper and lower
lateral cartilages at the scrolls are useful to help shore up the weakened fibrous con-
nections in these areas and derotate the nasal tip. Septoplasty should be conservative
to preserve dorsal support.

The major difference between rhinoplasty in the older and the younger patient
is the use of external incisions. The overlying skin has lengthened due to the aging
process and specifically designed external incisions can aid in creating support and
assist in keeping the nose rotated upward during healing. The two most commonly
used incisions are the glabellar and supratip. The glabellar incision is a horizontal
incision across the nose at the nasion to remove 1–2 cm lax skin. The incision can
extend from inner canthus to inner canthus and usually can be placed within a rhy-
tid. Direct excision of skin in the supratip area is done vertically starting at the
supratip just superior to the lobule, extending approximately 1–1.5 cm in length.
These incisions are very useful because aging skin does not drape well postopera-
tively and may not shrink in to the newly created nasal architecture due to lack of
elasticity. These incisions usually heal well without noticeable scars because of the
lack of skin elasticity.

Rhinoplasty in Nonwhite Patients

There are fundamental anatomical and aesthetic differences between the nonwhite
(Asian and black) and white nose. Although these differences are recognized anthro-
pologically, the standard of beauty often remains a Western, white look. However,
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the practice of applying these standards wholeheartedly to nonwhite noses results in
unrealistic goals and noses that appear odd and out of balance with the rest of the
face. Of course, the true standard of beauty in the world is culturally dependent.
Nevertheless, the usual nonwhite patient seeking cosmetic rhinoplasty in the United
States is looking for one or more aspects of their nose to take on a more western
look. It is sometimes difficult for the typical rhinoplasty surgeon to discern beauty
across cultures and the typical nonwhite patient often seeks to keep some racial traits
while shedding others. Therefore, it is imperative that the surgeon carefully question
the patient with regard to his or her desires and limit the rhinoplasty to those specific
goals. Unrealistic expectations or additional information or possibilities should be
carefully explored. Rhinoplasty in this group of patients is a balance between achiev-
ing a selectively more Western look while preserving most of the unique racial fea-
tures of the patient’s nose and face.

Only certain traits can be changed and some can only be modified. Three
aspects of the nonwhite nose that can be changed are a deficient nasal dorsum, an
inadequately projected nasal tip, and flaring nostrils. In terms of the actual proce-
dures, most rhinoplasty in nonwhite patients centers on modification of the broad
short dorsum with its lack of support and short septum, frail alar cartilages, widened
nasal base, and underprojected nasal tip. Maneuvers to counteract each of these pro-
blems will be needed.

The typical white nose is characterized by a high dorsum, thin alar wings, a
thin well-defined nasal tip, and a supratip break that lies approximately three-
fourths the way down the nasal dorsum. This being the standard and the result that
should be achieved, the nose is commonly placed into one of three general categories:

Leptorrhine: Typical white nose.
Mesorrhine: Found among Asians and characterized by a short nose,

underprojected and slightly overrotated tip with short dorsal height,
short septum, and widened nasal bridge. The nasal base is not
appreciably wide. The supratip break lies approximately two-thirds of
the way down the nasal dorsum.

Platyrrhine: Found among African-Americans. It is characterized by a flat
broad dorsum with widely flared nostrils, widened nasal sills and nasal
base, overrotated tip, short columella, and paucity of nasal septum. The
supratip break lies one-half the way down the nasal dorsum.

These cases strictly call for augmentation rhinoplasty techniques. Most mesorrhine
and all platyrrhine noses need both dorsal as well as columellar augmentation.
The premaxilla particularly requires augmentation since most nonwhite noses dis-
play a relatively retruded premaxilla and short or absent (platyrrhines) nasal spine.

For the dorsal problem, autogenous or alloplastic onlay grafts are useful.
Many surgeons in Asia have had success with combined dorsal and columella
molded silicone implants. However, others have reported a high incidence (up to
10%) of late complications leading to removal of the implant and implant extrusion
(37). The first choice of grafting material should be autologous (e.g., rib, septum, or
ear). The most reliable alloplast to date is Medpor and may be suitable for selected
individuals. The surgeon may have to stack the grafts to achieve the desired height.
With regard to narrowing the upper third of the nose, most patients with mesorrhine
noses do not need osteotomies. The broad platyrrhine nose often calls for medial and
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low lateral osteotomies. Given that the problem is dorsal height vs. width, osteo-
tomies might be counterproductive by excessively narrowing the nose in the presence
of a widened lobule and alar complex, leaving a pear-shaped deformity. If osteo-
tomies are performed, it is essential that the nasal bones be made completely mobile.
Incomplete osteotomies will result in widening of the nasal bridge postoperatively,
accentuating the deformity rather than effacing it.

Tip-plasty has become a point of contention among many surgeons who per-
form this type of rhinoplasty. Some prefer vertical dome division while others prefer
a dome-binding approach with onlay tip grafts. The author prefers the application of
a medial crural strut that extends from just below the domes to the nasal spine.
Dome-binding sutures are utilized to decrease the bulbosity of the nasal tip along
with selective defatting. To define and augment the nasal tip further, a shield graft
may be used. Vertical dome division is reserved for patients with relatively hardy alar
cartilages and thick overlying skin, especially with platyrrhine noses. Medial crural-
binding stitches are used liberally to add firmness and form to the columella. Dorsal
septal grafts and premaxillary plumping grafts are often needed to enhance nasal
support and efface the nasolabial angle.

A wide alar base and excessive nostril flare are typical findings in a black
nose. Correction of excessive flare should be done after the nasal tip is projected
adequately since changes in projection have a significant affect on alar flaring.
The Western aesthetic standard for the dimensions of the alar base includes the
rule that the width of the alar base (between the alar creases) should equal the
intercanthal distance. The rule for alar flare states that the external aspects of
the nostrils should not protrude beyond the alar–cheek attachments on base view
(Fig. 17). Although not usually addressed during nonwhite rhinoplasty, other aes-
thetic aspects of the nasal base should also be assessed including the vertical posi-
tion of the alar insertion and the recurvature of the ala into the base of the
columella. On profile view, the plane of insertion of the ala into the cheek should
be within 2–3mm above the columellar–labial junction (38). For example, insertion
at or below the columellar–labial junction results in an unaesthetic appearance of
the ala (alar hooding). Recurvature of the ala is an important aesthetic parameter
since lack of appropriate recurvature can be a direct result of surgery performed
for correction of a wide nasal base or excessive alar flare. Although the appearance
on base view of a nasal ala directly inserting into the cheek, without the typical
gentle curve toward the base of the columella, can be found in nonoperated
patients, this finding is a common adverse consequence of nasal base surgery.
For this reason, any nasal base surgery should be done incrementally since the
result will be a delicate balance between an abnormal lack of recurvature and
the desired result.

Reduction of alar flare is a realistic goal and achievable in an incremental fash-
ion by variable wedge excision of the nostril floor mucosa, nasal sill, and alar side-
wall. As mentioned, direct reduction of alar flare should only be considered after the
desired tip elevation and projection procedures are completed, since they will signif-
icantly reduce alar flare in and of themselves (Fig. 18). Reduction of nostril flaring
will usually result in the appearance of a reduction in nasal base width as well. Any
actual reduction in the width of the nasal base requires so-called nasal bunching
sutures since excision of skin and associated soft tissues across the nasal base itself
(i.e., between the alar creases) will leave obvious scars. A nasal bunching suture is
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placed through incisions in the mucosa behind the nasal sills bilaterally. A ‘U’ stitch
is placed by passing the suture through the ipsilateral incision and exiting through
the opposite incision. The suture is then passed again through the opposite side
and brought out the ipsilateral side. As the suture is cinched, the soft tissues within
the nasal base are pulled together to bring the alar attachments medially thus nar-
rowing the nasal base.

Alar flaring is reduced by pulling the external aspect of the ala medially. This is
accomplished most conservatively by excising a diamond-shaped wedge of tissue
within the nasal mucosa behind the sill. A further reduction in flaring is achieved
by extending the wedge excision through the nasal sill. This will also narrow the nos-
tril and change its shape, depending on the amount of soft tissue removed. Maximal
reduction in flaring and nostril shape and size is done through a combined wedge
excision of the nasal mucosa, sill, and alar sidewall (Fig. 19). The width (correspond-
ing to the degree of soft tissue removal) of each component of the wedge will deter-
mine the final shape and recurvature of the nostril. Too aggressive an approach will
lead to the appearance of a straight ala inserting directly into the cheek, which is a
highly undesirable look. When the wedge extends into the alar sidewall, it is impor-
tant to place it 1–2mm above the alar crease. This avoids having to suture across a
sharp concavity (i.e., the alar crease), thus facilitating good apposition of the cut skin
edges.

Nasal Fracture and Posttraumatic Rhinoplasty

The nasal bones are the most commonly injured bones in the facial skeleton. Frac-
tures usually result from lateral blunt trauma sufficient to displace and fracture the

Figure 17 Excessive alar flare. Note that the lateral aspects of the nostrils extend well

beyond their attachments to the cheek.
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small paired nasal bones and the ascending processes of the maxillae. This fracture is
deceivingly difficult to manage because of the complex nature of the underlying ana-
tomy. Early (within 2 weeks) closed reduction is often successful in restoring the
position of the displaced nasal bones, but the underlying septum often remains

Figure 18 Reducing alar flare by projecting the nasal tip. In many cases of excessive alar

flaring (inset, left), simply projecting the nasal tip (in this case, using a columellar strut, center)
will significantly reduce the unaesthetic flaring (inset, right).

Figure 19 Composite wedge excision for reduction of alar flaring and nostril size. A
combined wedge excision of the nasal mucosa, sill, and alar sidewall will result in maximal
reduction in flaring and nostril size.
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out of place. Undetected and untreated septal deviations may lead to subtle pro-
blems with nasal bone alignment and an ultimately undesirable result.

Nasal fractures are more correctly referred to as nasoseptal fractures because
of the intimate connection the nasal bones share with the dorsal nasal septum, espe-
cially at the rhinion where the septum, upper lateral cartilages, and nasal bones are
confluent. Although lateral blows are the usual cause of nasoseptal fractures, the
degree of septal displacement is often greater in frontal blows because the quadrilat-
eral cartilage is contacted first. In addition, septal buckling, displacement off the
maxillary crest, and septal hematoma are more common in this type of injury. In
frontal or lateral impacts, the nasal bones are most often displaced posterolaterally.
Severe impacts may result in avulsions of both soft tissue and cartilage, resulting in
an unstable open fracture prone to scarring and contracture. Diagnosis is based on
clinical examination alone with little role for routine radiography. Plain nasal films
are notoriously unreliable and should not be used for diagnosis or management of
these fractures (39). If extensive facial fractures are suspected, then computerized
tomography should be arranged.

In the typical isolated nasoseptal fracture, there is a window of approximately 2
weeks after the injury in which the nasal bones can be replaced. After 2 weeks suffi-
cient healing has occurred and reduction is more difficult. Initial management should
include closure of lacerations both externally and internally if possible, accurate
reduction of the bony fractures, and replacement of avulsed or displaced cartilage
including the nasal cartilages and septum. Accurate reduction of the septum is
important to ensure a long-lasting and functional result. Unfortunately, the septum
is the most difficult part of the fracture to reduce and is often inadequately treated. A
common management approach to nasoseptal fractures is to allow the edema to
resolve and, after 7–10 days, the nasal bones are closed reduced with a Boise elevator
or the handle of a Bard Parker surgical scalpel. The septum is grossly evaluated for
septal hematoma but little or no effort is expended in reducing it. This approach is
justified because the septum often contains overlapping segments that are impossible
to realign via a closed approach. The quadrilateral cartilage is elastic and resists
replacement in a reduced position once fractured. This approach (simple reduction),
however, leads to high rates of failure that require secondary septorhinoplasty.
Nevertheless, closed reduction alone is likely to be successful in the case of a simple
unilateral or bilateral nasal bone fracture. Comminuted fractures, complex nasal
fractures with significant septal disruption, and naso-orbitoethmoid (NOE) fractures
usually require open reduction methods.

Regardless of fracture type, a thorough examination of the septum is needed,
preferably endoscopically. If there is a significant septal disruption then the septum
will require open reduction. This tends to be the case if the nasal bones are
deviated more than half the width of the nasal bridge (40). Closed reduction of
the nasal septum is usually not successful for reasons already mentioned, so open
reduction under a local or general anesthetic is necessary. Open reduction may
require a limited inferior resection of the quadrilateral cartilage and reconstruction
using sutures and typical conservative septoplasty techniques. A common mistake
in initially performing nasal and septal reduction is failure to complete greenstick
fractures. The nasal bones should be manipulated so that they are completely
mobilized and ready to be placed in proper position, with little likelihood of them
springing out of position. An exception to this rule is if the nasal bone is found to
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snap back into a good reduced position and seems to remain stable despite further
gentler manipulation. The septum is quite prone to greensticking and often the
only hope of achieving a midline reduction is to fracture the partially tethered
remaining septum with a back and forth movement. This may result in fracture
of the maxillary crest, but this is acceptable if nasal support is preserved. If a septal
hematoma is encountered initially, it is drained via a unilateral Killian incision
(over the cartilage). The opposite side drains through the fractured septum or
through a surgically created tunnel. A small rubber band drain may be placed
within the septum and the nasal cavities gently packed with gauze bilaterally for
2–3 days with antibiotic coverage.

Long-term posttraumatic nasal deformities most often involve the septum,
upper lateral cartilages, and nasal bones. A combination of functional and aesthetic
problems must be addressed. Nasal obstruction involving the nasal valve may result
from scarring across the valve between the septum and caudal end of the upper lat-
eral cartilage or simply from a deviated septum. Disrupted or avulsed upper lateral
cartilages may collapse against the septum, resulting in nasal obstruction at the valve
and an external nasal deformity manifesting most often as a twisted nose deformity.
Injury in the area of the upper lateral cartilage creates a void that is replaced with
scar that contracts. With contraction, the nasal tip and dorsum (below the rhinion)
are pulled toward the side of the injury. The magnitude of the twist can be dramatic
and any attempt at repairing it (i.e., septorhinoplasty) should be delayed until this
process has stabilized (at least 6 months).
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Functional and Aesthetic Blepharoplasty

Robert W. Dolan
Lahey Clinic Medical Center, Burlington, Massachusetts, U.S.A.

INTRODUCTION

Blepharoplasty describes any operation designed to correct congenital or acquired
eyelid defects. Indications for functional upper lid blepharoplasty include senile ble-
pharoptosis, levator aponeurosis dehiscence, entropion, paralytic lagophthalmos,
and prolapsing orbital fat causing an upper visual field deficit. The usual indications
for functional lower lid blepharoplasty include entropion, ectropion, scleral show,
epiphora, senile lid laxity, and lateral canthal dystopia. The most common cosmetic
blepharoplasty procedures include excision of redundant eyelid skin and prolapsing
orbital fat, creation of a superior eyelid crease, revision of epicanthal folds, and exci-
sion of malar folds and festoons.

Patient selection and a complete anatomically based evaluation of the eyelids
are important preoperative considerations. A thorough understanding of the termi-
nology (see Appendix), anatomy, pathophysiology, and potential benefits of each
blepharoplasty technique is essential for a successful outcome. Preoperative educa-
tion with regard to the potential benefits and risks of surgery and alternative nonsur-
gical treatments should be thoroughly discussed with the patient and documented.
The patient should understand that blepharoplasty cannot correct fine wrinkling or
dark discoloration often present in eyelid skin. Finally, every patient undergoing aes-
thetic blepharoplasty should undergo a complete ophthalmological examination pre-
operatively.

PREOPERATIVE EVALUATION

A complete ocular examination is routinely performed prior to blepharoplasty. The
examination may uncover occult ocular abnormalities that represent relative or
absolute contraindications to elective surgery. In a medicolegal sense, the examina-
tion provides an objective benchmark against which claims of postoperative ocular
complications may be measured. The typical examination includes fundoscopy and
an evaluation of tear production, measurement of intraocular pressure, visual fields,
visual acuity, and a slitlamp examination of the cornea and conjunctiva.
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Detecting patients who may be prone to dry eyes is of utmost importance in
operative planning. Even conservative upper lid blepharoplasty in patients at risk
will exacerbate the symptoms of dry eyes and lead to an unhappy patient despite
an acceptable cosmetic outcome (1). Patients at risk include those with paradoxical
excessive tearing (intermittent, resulting from irritation), burning, crusting, or the
presence of collagen vascular disease (e.g., lupus, scleroderma). Schirmer’s test is a
useful objective measure of tear production. It is performed by placing a special type
of filter paper (Whatman #41 filter paper, 5mm wide and 35mm long) in the lateral
corner of the eye, with or without anesthetic, avoiding contact with the cornea. After
5min the paper is removed and the length of moisture that migrated onto the strip is
measured. The normal range is 10–15mm. Schirmer’s test is specific but lacks sensi-
tivity. The history may be more helpful in predicting the likelihood of dry-eye syn-
drome (DES) even in the presence of normal findings on Schirmer’s test (2).
Deficient tearing can lead to corneal erosions, scarring, or infection. A careful slit-
lamp examination of the cornea can sometimes detect subclinical evidence of
corneal drying. Patients with a history or physical examination (including an
abnormal Schirmer’s test) indicative of DES should not undergo cosmetic blepharo-
plasty of the upper lid. However, these patients may still be candidates for a conser-
vative lower lid blepharoplasty performed with minimal or no resection of eyelid
skin.

Any patient who cannot tolerate a general anesthetic for medical reasons
should not be considered a candidate for cosmetic blepharoplasty. Drugs or dietary
supplements that increase the bleeding time including nonsteroidal anti-inflamma-
tories, cortisone preparations, and vitamin E should be discontinued at least 2 weeks
preoperatively. A history of easy bruising or prolonged bleeding time should prompt
a more formal hematological work-up. Patients should also be free of underlying dis-
eases that may impede healing (acquired or congenital immunodeficiency or collagen
vascular disease) or cause persistent periorbital edema (thyroid dysfunction or renal
disease). Although testing every patient for thyroid dysfunction is unnecessary,
further testing may be warranted in the presence of signs or symptoms suggestive
of hypothyroidism, hyperthyroidism, or Graves’ disease. Some patients experience
periorbital manifestations of thyroid disease that may be mistaken for signs of aging.
In a review of patients seeking aesthetic blepharoplasty, the periorbital findings were
attributed to hypothyroidism in 2.6% of cases and hyperthyroidism in 0.3% of cases
(3). When these patients received treatment for their thyroid condition, the periorbi-
tal signs frequently improved. Patients with hypothyroidism often have nonspecific
systemic symptoms consistent with a hypometabolic state. The connective tissue
changes consist of myxedema (subcutaneous edema), clammy yellowish skin, brittle
hair and nails, and hair loss in the lateral eyebrows. The periocular findings consist
of nonpitting periorbital edema, malar erythema, malar bags, and festoons (3).
Patients with lower lid or periorbital edema should be screened for thyroid dysfunc-
tion (e.g., measurement of thyroid-stimulating hormone [TSH] level). The clinical
hallmarks of Graves’ disease and thyroid orbitopathy are vertical eyelid retraction,
proptosis, lagophthalmos, restrictive extraocular myopathy, chemosis, dilated con-
junctival blood vessels, elevation of intraocular pressure, eyelid edema, and optic
neuropathy. A typical patient may complain of increased or decreased tearing, blur-
ring and difficulty focusing, pressure sensation, and diplopia. Lacrimal gland dys-
function may lead to either increased or decreased production of tears. Diplopia
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and difficulty focusing are usually secondary to inflamed extraocular muscles. A
Computed tomographic (CT) scan may confirm the diagnosis by demonstrating
enlarged extraocular muscles. Chemical evidence of thyroid dysfunction is an unreli-
able sign of thyroid orbitopathy and may only be present in the minority of cases.
However, if a complete set of thyroid laboratory tests is obtained, including mea-
surement of thyroid function and antibody studies, the majority of patients with
thyroid-associated opthalmopathy will show an abnormality.

A complete ophthalmological examination is useful for the detection of corneal
ulcerations using the slitlamp, optic disk edema and venous dilation by fundoscopy,
proptosis by exophthalmometry, and optic neuropathy by visual acuity, field-testing,
and color desaturation. A sensitive indicator of optic neuropathy is rapid degrada-
tion of hue when the patient is asked to look at a bright red object (red desaturation).
Patients with thyroid orbitopathy and vertical eyelid retraction should undergo, at
most, only conservative blepharoplasty, and any skin or muscle resection should
be kept to a minimum.

The most common postoperative complication in lower eyelid blepharoplasty
is lower lid malposition including scleral show and ectropion. Detecting patients
who are prone to postoperative eyelid malposition is also an important component
of the preoperative examination. Patients particularly prone to this complication
include those with pre-existing anatomical lower lid malposition or lower lid laxity.
Pre-existing eyelid malpositions are common in patients with proptosis, large globes,
thyroid opthalmopathy, and deficient malar support. Patients with prominent globes
or deficient underlying bony support often show a reversal in the vector of projection
of the globe in relation to the lower eyelid margin. The apex of the cornea projects
beyond the lower eyelid margin in these patients. Patients predisposed to lower eyelid
malposition should undergo lateral canthoplasty and conservative resection of skin
and muscle.

After a complete history and physical examination, the patient desiring a cos-
metic improvement of the eyelids should be allowed to point out, with the aid of a
mirror and cotton-tipped applicator, specific areas of concern. Standard photo-
graphic views are then taken (see Chap. 1), and a complete physical examination
of the eyelids is done with documentation of the following pathologic conditions
(Table 1): eyebrow ptosis, dermatochalasis, prolapsing orbital fat, orbicularis oculus
muscle hypertrophy, lacrimal gland ptosis, lagophthalmos, lid lag and vertical eyelid
retraction, blepharoptosis, low or absent upper eyelid crease, epicanthal folds, lower
eyelid and canthal malposition, tear trough deformity, and malar folds and festoons.

Eyebrow Ptosis

If the eyebrow is ptotic (Fig. 1) the thicker skin subjacent to the eyebrow tends to fall
into the area normally occupied by the thin skin of the eyelid. Performing aggressive
skin resection in the upper eyelid to compensate for the ptotic eyebrow leads to
further decent of the brow, inadequate definition of the lateral orbit–eyebrow com-
plex, and obvious scarring within the thicker infrabrow skin. Elevating the ptotic
brow prior to upper lid blepharoplasty results in significant secondary gains in the
aesthetics of the upper eyelid and lateral orbit–eyebrow complex (4). As the brow
is elevated, the upper eyelid is relieved of the burden of the thick skin in the infra-
brow area and resection of eyelid skin may be more conservative. Upper lid
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blepharoplasty may be performed during the same operative session or delayed inde-
finitely to allow a more complete evaluation of the effects of the browplasty on the
upper lid–brow complex.

Dermatochalasis

Dermatochalasis (Fig. 2) refers only to the condition of sagging skin although it is
often associated with other signs of the aging eyelid including pseudoherniation of
orbital fat. Dermatochalasis is usually an acquired condition (aging, environmental,
genetic) that is manifested as either fine wrinkling or redundant skin.

Prolapsing Orbital Fat: Upper Eyelid

Medial and central bulges of the upper eyelid are most often caused by pseudoher-
niation of preseptal orbital fat. Laxity of the orbital septum or changes in the distri-
bution of orbital fat within the confines of the bony orbit due to age-related
ligamentous weakness are responsible. A lateral bulge usually represents a ptotic
lacrimal gland and is easily differentiated from the adjacent central fat pad
(Fig. 3). The medial fat pad is more difficult to locate, more prone to bleeding,
and is often responsible for residual bulging after an apparently successful upper eye-
lid cosmetic blepharoplasty. The medial fat pad is paler and more prone to bleeding
due to its greater fibrous content and vascularity.

Figure 1 Patient with eyebrow ptosis: a heavy look and redundant upper eyelid skin.
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Figure 2 Note skin laxity over eyelids consistent with dermatochalasis or fine wrinkling over

lower eyelid.

Figure 3 Prolapsing lacrimal glands (arrows), which must be differentiated from prolapsing

central fat pads. Treatment consists of resuspension of the glands through an upper
blepharoplasty incision. The glands should never be resected.
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Prolapsing Orbital Fat: Lower Lid

Bulging of the preseptal eyelid skin in the lower eyelid may be secondary to prolap-
sing orbital fat, subcutaneous edema, or hypertrophied orbicularis muscle. Orbital
fat will be more pronounced when the patient looks up, as the orbicularis muscle
relaxes and the orbital fat is brought forward. Squinting will accentuate the folds
of hypertrophied orbicularis oculus muscle while minimizing the amount of prolap-
sing fat. These maneuvers will assist the clinician in differentiating among the var-
ious causes of lower eyelid bulging.

A prominent inferior orbital rim or tear trough deformity should be documen-
ted as part of the preoperative examination. Orbital fat excision can accentuate these
abnormalities and repositioning the orbital fat may be more appropriate in patients
with this condition.

Orbicularis Oculus Muscle Hypertrophy

The orbicularis oculus muscle may become hypertrophic in its pretarsal and upper
preseptal divisions causing convex contour deformities (i.e., bulging) in these areas.
The patient may appear to have double bulges within the lower eyelid representing
hypertrophic muscle above and prolapsing orbital fat below. A prominent pretarsal
orbicularis muscle is a feature of some younger lower lids and may not be of cosmetic
concern. However, in some (especially older) patients, reduction of the bulging
in these areas improves the aesthetics after excision of orbital fat by creating a
smoother surface from the eyelid margin to the orbital rim.

Lagophthalmos, Lid Lag, and Vertical Eyelid Retraction

Lagophthalmos (Fig. 4) is the amount of separation (in millimeters) between the eye-
lid margins as the eyes are gently closed. Lid lag describes a phenomenon in which
there is a slight delay in complete eyelid closure due to a lag in the movement of the
upper eyelid. Vertical eyelid retraction is excessive upper eyelid retraction in primary
gaze characterized by a vertical eyelid fissure of greater than 10mm in men and
greater than 13mm in women. This condition may be due to scarring or, more com-
monly, secondary to Grave’s ophthalmopathy. If lagophthalmos, lid lag, or vertical
eyelid retraction is detected on the preoperative examination then traditional
cosmetic upper eyelid blepharoplasty may result in dry eye syndrome or exposure
keratopathy.

Blepharoptosis

Ptosis is classified as mild, moderate, or severe (5). Mild ptosis is characterized by an
eyelid margin 2–3mm below the limbus in primary gaze; moderate ptosis, 3–4mm;
and severe ptosis, greater than 4mm. Ptosis may also be quantified by measuring
the distance in millimeters between the upper lid margin and corneal light reflex
(i.e., the marginal reflex distance [MRD]). The MRD reflects the severity of ptosis
more accurately than measurements of the distance of the lid margin overlapping
the limbus, since the lid itself obscures the latter structure. TheMRD is measured with
the patient in primary gaze and the frontalis muscle completely relaxed. A normal
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MRD is þ4–þ5 or 4–5mm between the lid margin and the light reflex (Fig. 5).
This corresponds to an upper lid margin resting 1–2mm below the corneal limbus.
A visual field examination should also document the severity of the superior field
deficit.

Blepharoptosis may be congenital or acquired (6). Congenital blepharoptosis is
usually sporadic (nonhereditary), unilateral in 70% of cases, and involves dysfunc-
tion of the levator muscle. A weak levator muscle with poor excursion characterizes
simple congenital ptosis. The levator muscle may also be malformed, resulting in
ptosis and lagophthalmos. An interesting phenomenon associated with congenital
blepharoptosis is the Marcus-Gunn jaw-wink. It is present in approximately 5%
of patients with congenital ptosis and is a trigemino-oculomotor synkinesis. Patients
exhibit eyelid retraction with stimulation of the ipsilateral pterygoid muscles (e.g.,
mouth opening, chewing) (7).

The most common form of acquired ptosis results from dehiscence of the leva-
tor aponeurosis from the tarsus often associated with degeneration and stretching of
the aponeurotic expansion in the aging eyelid. The disinserted complex elevates the

Figure 4 Patient exhibits lid lag from a resolving left facial nerve paralysis. Complete
voluntary eye closure is usually the last physical finding to resolve in a patient recovering from
a facial nerve injury.
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orbital (preaponeurotic) fat into the area under the superior orbital rim, resulting in
a hollowed superior sulcus, high or absent lid crease, and ptosis. The levator muscle
itself is normal, both functionally and anatomically. Other causes of acquired ptosis
include traumatic disruption of the aponeurotic sheet or disruption of Whitnall’s
ligament. Whitnall’s ligament suspends the levator muscle under the superior orbital
rim; injury to the sling during dissection in the superior orbit can result in ptosis.
Acquired myogenic ptosis may be secondary to generalized neuromuscular diseases
such as myasthenia gravis. Neurogenic ptosis is secondary to interruption of the
nerve supply to the levator muscle (cranial nerve III) or Müller’s muscle (sympa-
thetics, Horner’s syndrome). Ptosis secondary to Müller’s muscle dysfunction is mild
because the muscle only provides approximately 2mm of lift in the upper eyelid.
Mechanical ptosis is due to weighting down of the eyelid margin from excessive skin,
scarring between the upper and lower eyelid margins, or neoplasm (Fig. 1). Pseudop-
tosis is the appearance of ptosis secondary to pathological conditions separate from
the eyelid such as enophthalmos, vertical dystopia, or phthisis bulbi.

Dehiscence and weakening of the levator aponeurosis is the cause of ptosis in
the vast majority of patients who present for cosmetic blepharoplasty. Determina-
tion of levator function is required before a surgical plan can be formulated. Levator
function is determined by measuring upper lid excursion, which is the distance
in millimeters the central lid margin travels vertically from full downgaze to full
upgaze. Normal lid excursion is > 8mm; fair is 5–7mm; and poor is < 4mm. If leva-
tor function is not normal, an ophthalmologist should be consulted since surgical
correction will require techniques beyond those typically used during routine
blepharoplasty.

Epicanthal Fold

Amedial epicanthal fold is a normal finding in patients of Asian descent. It is formed
by an apparent excess of skin that drapes over the medial canthus. The fold gives the

Figure 5 A grading system for the severity of ptosis referred to as the marginal reflex

distance (MRD).
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appearance of a foreshortened palpebral fissure and a widened intercanthal distance;
elimination of the fold is often one of the major goals in blepharoplasty in Asian
patients. An epicanthal fold may also form as a result of injudicious medial extension
of an upper blepharoplasty incision in a white patient. Therefore, avoidance of the
formation of an epicanthal fold is an important consideration in performing cos-
metic blepharoplasty in white patients.

Entropion

Entropion is an infolding of the margin of the eyelid. It may result from scarring and
contracture of the capsulopalpebral fascia or orbital septum, causing pathological
shortening of the posterior lamella that draws the lid margin toward the globe sur-
face. The basic problem stems from irritation of the corneal surface by keratinized
skin and eyelashes along the margin of the lid. Entropion may also be due to a lack
of rigidity along the lid margin due to weakening of the tarsal plate (e.g., senile
entropion) or inadequate reconstruction of the lid margin (i.e., lack of an adequate
tarsal replacement after resection).

Ectropion

Ectropion is a rolling outward of the lid margin away from the surface of the globe.
It is classified most commonly as cicatricial (Fig. 6), senile (Fig. 7), or paralytic.
Ectropion is considered mild if there is only slight separation of the lower eyelid
margin from the globe; moderate if there is slight eversion of the eyelid margin

Figure 6 Cicatricial ectropion; appearance following skin graft to the anterior lamella and
cheek under the right eye. This was corrected with a full-thickness skin graft placed over the
anterior lamella of the lower eyelid.
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and inferior displacement; and severe if there is obvious eversion and inferior
displacement (8).

Lid Laxity

Subclinical lower eyelid laxity is detected with a snap back test and a distraction
(pinch) test. The snap back test is performed by pulling the lid away from the surface
of the globe and observing its ability to snap back to the globe surface. A distraction
test is performed by grasping the inferior eyelid and measuring the distance that the
lid margin can be pulled away from the surface of the globe. A distance of greater
than 6mm is abnormal. Patients with an abnormal snap back or pinch test are prone
to postoperative eyelid malposition and should undergo canthopexy or canthoplasty
in addition to the primary procedure.

Lower Eyelid Retraction

Inferior displacement or fixation of the lower eyelid margin may be congenital or
acquired (Fig. 8). The diagnosis is confirmed by grasping the inferior eyelid and not-
ing resistance to superior traction along the entire aspect of the lid. Normally, the

Figure 7 Senile ectropion: note eversion of lower eyelid due to loss of tone and elasticity in
the lower eyelid. This is similar to what is found in a patient with paralytic ectropion.
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inferior eyelid margin can be pulled over the midpupillary axis in primary gaze. The
pathological change may be isolated to the posterior or anterior lamella and may or
may not reflect an underlying soft tissue deficiency. It may result from excessive
overlap of the conjunctival–capsulopalpebral flap edges after transconjunctival
surgery.

Tear Trough Deformity

A tear trough deformity is characterized by an apparent depression between the
inferior orbital rim and the cheek. It can follow the orbital rim but it is usually more
prominent medially, presenting as a nasojugal depression. It demarcates the orbital
area (corresponding to the preseptal orbicularis oculus muscle) and the cheek (infer-
ior to the orbital rim). The tear trough deformity may be congenital or age-related.
Age-related changes that accentuate the tear trough include progressive protrusion
of orbital fat, gradual descent of the malar fat pad (especially if a pre-existing bony
malar deficiency exists), and loss of subcutaneous fat over the rim and nasojugal
areas (9).

Malar Folds and Festoons

Malar folds (Fig. 9) consist of baglike projections of soft tissue below the bony orbi-
tal rim and inferior eyelid skin. This may be caused by edema, excess fat in the sub-
cutaneous or suborbicularis spaces, or herniation of suborbicularis fat through an
attenuated orbicularis oculus muscle (10,11). Malar bags and festoons are always
accompanied by some degree of excess skin and often attenuated (not hypertrophic)
orbicularis oculus muscle. The causative factors may be differentiated clinically by
observing the malar bag while the patient leans his or her head forward. This man-

Figure 8 Lower eyelid retraction characterized by an inability to close the left eye

completely; the patient was also noted to have resistance to superior traction along the entire
aspect of the lower lid.
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euver will have little effect if edema is the primary factor but will worsen the condi-
tion if fat herniation through the orbicularis muscle is present. The fold should be
palpated to determine the relative contribution of edema and underlying fat. If the
fold is primarily due to attenuation of the orbicularis oculus muscle, the malar
bag should efface when the patient squints (the squinch test). Significant excess in
skin can result in a festoon (a severe form of a malar fold that takes on a drapelike
or swag appearance).

PREOPERATIVE PREPARATION AND ANESTHESIA

Most patients can tolerate blepharoplasty while lightly sedated with topical (4% tet-
racaine) and subcutaneous (1% lidocaine w=1=200,000 epinephrine) anesthetic. Gen-
eral anesthesia may be contraindicated if a dynamic upper eyelid shortening or
lengthening procedure is done because the patient will be unable to cooperate in
the functional assessment of eyelid position during the procedure. The lidocaine
solution is injected subcutaneously within the proposed area of skin excision. A
small bleb is raised and digitally spread by gentle massage. Hyaluronidase (Wydase)
added to the solution assists in spreading the anesthetic through the tissues. The
anesthetic should be injected after all the skin markings are made, and only a small
amount (1–2ml) is needed. Additional injections of the individual fat pads will
also be necessary. A period of 15min should elapse between the subcutaneous injec-
tion of the epinephrine-containing lidocaine solution to allow for adequate vaso-
constriction.

Intravenous sedation is a useful adjunct to the local anesthetics. The patient
may benefit from taking diazepam (Valium, 5–10mg) 20min prior to the procedure.

Figure 9 Malar folds (arrows) characterized by baglike projections of soft tissue below the

bony orbital rim and inferior eyelid skin.
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A variety of sedative and hypnotic agents can be used during the procedure including
midazolam (Versed, 0.015–0.05mg=kg) and propofol (Diprivan, 0.5–2.5mg=kg).
Versed is useful as a solo agent and can be given in repeated doses of 1mg in the
typical adult woman. Patients’ blood pressure, electrocardiogram, and blood oxygen
levels (pulse oximetry) should be monitored.

The periorbital area is prepped with diluted (0.25%) povidone–iodine paint
solution (diluted with normal saline). No detergent solutions should be used. The
povidone–iodine should be flushed from the eyes with a balanced salt solution prior
to the procedure.

UPPER EYELID BLEPHAROPLASTY

Surgical Anatomy

Important anatomical structures (Fig. 10) in upper eyelid blepharoplasty include the
levator palpebral superioris muscle, levator aponeurosis, the eyelid crease, Whitnall’s
ligament, Müller’s muscle, orbital septum, orbital fat, and the retro-orbicularis
oculus fat pad (ROOF).

Levator Palpebrae Superioris

The levator muscle is striated and under voluntary control. The closely associated
Müller’s muscle is smooth (sympathetic) and involuntary. The levator palpebrae
superioris takes origin from the upper orbital apex and fans out anteriorly over

Figure 10 Relevant surgical anatomy for upper eyelid blepharoplasty includes the levator

palpebrae superioris, levator aponeurosis, orbital septum, orbital fat, and ROOF.
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the superior rectus muscle. It becomes aponeurotic 5–10mm beyond Whitnall’s
ligament.

Levator Aponeurosis

The levator aponeurosis inserts anterior to the tarsal plate into a confluence of fas-
cias consisting of the orbicularis oculus fascia and orbital septum. This pretarsal or
conjoined fascia spans the length of the tarsus and is tightly adherent to the overlying
orbicularis oculus muscle and underlying tarsus. The pretarsal fascia provides an
anchor for the levator aponeurosis to pull the lid margin superiorly.

Eyelid Crease

The eyelid crease forms as the eyelid is elevated and the adherent layers overlying the
tarsus (pretarsal skin and conjoined fascia) are drawn under the loose skin and mus-
cle superiorly. In addition (consistent with the traditional teaching) direct dermal
insertions of slips of aponeurotic fascia may also contribute to the formation of the
eyelid crease. The pretarsal platform is the fixed skin under the crease overlying
the conjoined fascia and tarsus (Fig. 11). The level of fusion of the fascias that form
the conjoined fascia (i.e., the level of the crease) is located approximately at the
superior tarsus to 3mm above in white women’s eyelids. The conjoined fascia may
degenerate and separate with age resulting in an inferiorly displaced crease and infer-
ior migration of the preaponeurotic orbital fat, giving the upper eyelid a puffy
appearance. A high crease corresponds to a premature confluence of the fascias
and is often associated with a hollowed-out appearance under the orbital rim
because the orbital fat extends only to the confluence of fascias. A low or absent
crease (e.g., the Asian eye) corresponds to an acquired or congenitally low conflu-
ence of fascias. This type of crease is often associated with an apparent abundance
of orbital fat descending over the tarsus because the orbital fat is allowed to extend
more inferiorly due to the lower insertion of the levator aponeurosis. In Asian eyes,

Figure 11 The pretarsal platform (marked): important cosmetic feature of the upper eyelid.
A tightened pretarsal platform facilitates placement of makeup.
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the fuller eyelid appearance is also due to a greater amount of fat in all of the fascial
layers.

Whitnall’s Ligament

Some 15–20mm above the superior tarsal border, the levator sheath thickens to form
Whitnall’s ligament that extends from the trochlea medially to the lacrimal gland fas-
cia laterally. The levator muscle is suspended in the superior orbit near the superior
orbital rim by Whitnall’s ligament. The aponeurotic portion of the levator muscle
begins approximately 10mm above the upper border of the tarsus (12).

Müller’s Muscle

Müller’s muscle takes origin along the transition zone between the levator muscle
and aponeurosis and inserts into the upper free border of the tarsal plate. Müller’s
muscle provides only approximately 2mm of lift for the upper lid (13).

Orbital Septum

The orbital septum begins at the superior arcus marginalis along the superior orbital
rim and descends as a two-layered structure to merge with the levator aponeurosis.
The inner layer turns superiorly at the junction of the levator aponeurosis to encap-
sulate the orbital fat. It continues superiorly to merge with the sheath of the levator
muscle and superior transverse ligament of Whitnall (12). The outer layer extends to
the pretarsal fascia (conjoined fascia).

Orbital Fat

The orbital fat is deep to the orbital septum and rests on the levator aponeurosis (i.e.,
preaponeurotic fat). It is cradled inferiorly along the superior border of the
conjoined fascia where the outer layer of the orbital septum merges with the levator
aponeurosis. Although the orbital fat is traditionally considered to be compartment-
alized, many authors believe that the fat is continuous (14). On clinical appearance
the fat appears to be partitioned into compartments by fragile septa. In classic cases,
only two fat pads are described in the upper eyelid: medial and central (Fig. 12).
However, a third fat (lateral) pad may be present located just medial to the lacrimal
gland in up to 44% of patients (15). The medial fat pad is paler (due to its higher
fibrous content) and more vascular than the other fat pads. Orbital fat volume is
unrelated to body habitus and does not regenerate after excision.

Roof

The ROOF pad is located between the orbicularis oculus muscle and lateral orbital
rim between the supraorbital nerve and upper lateral orbit. Prominence of this fat
pad causes fullness over the lateral orbital rim that is correctable by partial resection
and contouring of the fat in this area.

Cosmetic Upper Eyelid Blepharoplasty

A typical upper lid blepharoplasty for cosmetic purposes involves excision of redun-
dant eyelid skin and pseudoherniated orbital fat. Establishing the height and form of
the eyelid crease and tightening the levator aponeurosis are also objectives in most
cosmetic blepharoplasties.
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Skin Excision

The desired location of the lid crease should be marked first. The height of the crease
is gender- and race-dependent. In white women, the crease should be marked
approximately 10–12mm above the eyelid margin at the mid-pupillary axis
(Fig. 13). In men, the crease should be at 8–10mm, and in Asians the crease
should be considerably lower at 4–6mm (16). The incision extends medially and
laterally in an arc following the curve of the tarsus. As the incision approaches
the superior punctum and lateral canthal angle, it should be no closer than 5mm
from the lash line. The incision should not extend beyond the superior punctum
medially and laterally it should not extend beyond the lateral canthal angle. If there
is a significant degree of redundant lateral eyelid skin in a woman, the incision can be
carried out beyond the lateral canthal angle in a true horizontal plane or gently
curved upwards (1). Although the portion of the incision beyond the lateral canthal
angle is often noticeable, women are better able and willing to camouflage it with
makeup than are men.

The upper incision determines the ultimate extent of eyelid skin resected and
the amount of pretarsal exposure on primary gaze. The extent of pretarsal exposure
is 1–2mm less than the distance between the lower incision (i.e., lid crease) and the
lash line because the upper eyelid skin will slightly overlap the upper incision. This is
beneficial because the incision will be hidden under this fold.

The extent of skin to be excised can be determined by pinching the proposed
upper and lower incisions together and observing what effect this maneuver has
on lid margin elevation and lid separation. A slight degree of eyelid separation
(1mm lagophthalmos) is acceptable. Most patients can tolerate significant skin

Figure 12 Lacrimal gland and fat pads in the upper eyelid (right eye). A. Lacrimal gland.

B. Central fat pad. C. Medial fat pad. D. Trochlea.
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excision; however, the upper incision should not extend into the thicker infrabrow
skin because this area is more prone to prominent scarring (16). The location of
the upper incision should be approximately 2mm below the transition zone between
the fine crepe-like skin of the eyelid and the thicker skin of the infrabrow region.
Flowers states that at least 20mm of skin should be preserved between the inferior
brow and lash line (9). The upper incision joins the lower incision medially at a 60
degree angle and laterally at a slightly more acute angle.

The skin with a narrow strip of underlying orbicularis oculus muscle is
removed from lateral to medial exposing the orbital septum. The septum is
opened along the full extent of the incision with a fine scissors over the bulging
fat (Fig. 14). The orbital septum over the medial aspect of the incision tends to
be thicker and more closely applied to the underlying levator aponeurosis. Careful
dissection of the orbital septum in this area is required to avoid injury to the apo-
neurosis.

After judicious excision of orbital fat, the skin is closed with a running fine
nonabsorbable suture (Fig. 15). The lateral aspect of the incision is often closed
under minor tension and interrupted sutures may be of benefit. Great care should
be taken in accurately approximating the skin edges because skin–edge overlap will
lead to more obvious scarring. The sutures are removed in 3–5 days.

Orbital Fat Excision

The areas corresponding to apparent orbital fat pseudoherniations are marked pre-
operatively. This is an important step because not all bulging in the superior peri-
orbital area is due to prolapsing orbital fat. Correction may require repositioning
of the lacrimal gland, resection of retro-orbicularis oculus fat, or subcutaneous fat
debulking (17). Partial resection and contouring of the ROOF can correct fullness

Figure 13 Incision marked for upper lid blepharoplasty in a white woman. Note that the
lower limb follows the eyelid crease. The excision of skin can extend well beyond the lateral
canthus since scarring in this area is easily camouflaged with makeup.
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in the lateral lid area (Fig. 16). This fat pad must be differentiated from a ptotic
lacrimal gland; the former is located between the orbicularis oculus muscle and
orbital rim, and the latter is found inferior and deep to the orbital rim. Resection
of the ROOF is often associated with numbness in the lateral orbital area and
carries the risk of partial denervation of the orbicularis oculus and corrugator
muscles (18).

A ptotic lacrimal gland is usually responsible for lateral bulging in the upper
eyelid. Surgical correction involves resuspension of the gland into the lacrimal fossa
under the bony orbital rim. Both arms of a double-armed nonabsorbable suture are
placed, slightly separated, under the orbital rim and passed inferiorly through the
capsule of lacrimal gland. As the two ends of the suture are cinched down and tied,
the lacrimal gland is pulled under the rim and permanently repositioned (Fig. 17).
Removal of any portion of the lacrimal gland, except for biopsy purposes, is contra-
indicated.

If the patient is undergoing blepharoplasty using local anesthesia, the fat
pockets are injected with local anesthetic and gently teased into the wound prior
to partial excision. The medial fat pocket is sometimes difficult to expose adequately
but can be recognized by its relatively pale appearance. Protruding fat from the

Figure 14 Bulging fat of the upper eyelid after the orbital septum is opened. Note central
and medial fat pads.
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central and medial fat compartments is cauterized with a bipolar cautery and
excised. Teasing the fat should be conservative since excision of excess fat can lead
to a hollowed-out appearance in the infrabrow area.

Technique Synopsis

The typical surgical steps involved in an upper eyelid blepharoplasty include marking
incisions, applying tetracaine drops over the sclera and injecting local anesthetic
solution into the area of proposed skin excision, preparing and draping the area, pla-
cing the scleral shield, and making inferior and superior skin incisions outlining an
ellipse of skin that is to be excised. The lid crease incision should be made on the
opposite eye immediately after it is placed on the operated eye to ensure symmetry.

The next steps involve removing skin with fine-tipped scissors exposing orbicu-
laris muscle starting at the temporal end, excising a narrow strip of orbicularis mus-
cle to expose the orbital septum, incising the orbital septum along the entire extent of
skin and muscle excision exposing preaponeurotic orbital fat and levator aponeuro-
sis. The incision through the orbital septum should be over the bulging orbital fat to
avoid injury to the aponeurosis. Next, apply gentle pressure to the globe to facilitate
exposure of the fat pads, inject the fat pads with the local anesthetic solution, selec-
tively remove excess orbital fat being careful to cauterize the fat at the base of the
excision, suspend the lacrimal gland if necessary, and excise a small strip of orbicu-
laris oculus muscle to the level of the crease. Interrupted fine nonabsorbable sutures
(four to six) can be used to secure the levator aponeurosis to the dermis to define the
lid crease better and tighten the pretarsal platform. This maneuver is particularly
useful in white women. The skin edges are sutured using either an interrupted

Figure 15 Final appearance immediately after closing the upper blepharoplasty incision in a
woman (same patient as in Fig. 13).
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or a continuous suturing technique with a nonabsorbable suture, an antibiotic oint-
ment (ophthalmic Bacitracin) is placed over the incision, the scleral shield is removed
and an ice pack placed over the area. The sutures are removed 5 days postoperatively.

Correction of Blepharoptosis

Some type of levator aponeurosis advancement or sling (with or without fascial
grafts) is required for the surgical correction of blepharoptosis. The appropriate pro-
cedure will depend primarily on the function of the levator muscle (excursion) and
secondarily on the severity of the ptosis. Congenital ptosis that is mild-to-moderate
(1–4mm of ptosis with > 5mm of lid excursion) is correctable by advancement and
fixation of the levator aponeurosis. Severe cases can be repaired by frontalis suspen-
sion. The frontalis suspension procedure involves placing a graft (e.g., fascia lata)
between the tarsus below and the frontalis muscle above to provide translational
movement from the forehead to the upper eyelid (7). An oculoplastic surgeon should
evaluate patients with moderate-to-severe congenital blepharoptosis.

Most adult patients with blepharoptosis have no intrinsic abnormalities of
levator muscular function. Eyelid excursion will be good and there will be a mild-
to-moderate degree of ptosis. These patients are candidates for aponeurotic resection
and repair. This technique involves tightening the aponeurosis and elevating the lid
using several interrupted nonabsorbable sutures. The excess aponeurotic sheath is

Figure 16 Location of the ROOF pad found between the orbicularis oculus muscle and

orbital rim.
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trimmed and discarded. The patient should undergo the procedure while awake to
allow voluntary levator function to assess the final position of the upper eyelid after
repair. Despite the apparent symmetry obtained intraoperatively, there can be signifi-
cant variation in the permanent position of the operated eye due to resolving edema,
healing, and muscular action. Because of Hering’s law of equal innervation, the
opposite eye may fall, resulting in asymmetry between the operated eyelid and the
normal eyelid. This phenomenon may occur in up to one-third of patients (19). Revi-
sion within 1week (usually the first postoperative visit) in the office is often possible
by limited reopening of the incision line and judicious replacement of the fixation
sutures.

The typical surgical steps involved in the correction of blepharoptosis include
marking the lid crease and injecting a limited volume (1ml) of 1% lidocaine with
1:100,000 epinephrine without hyaluronidase to avoid paralysis of the levator
muscle; creating the lid crease skin incision to the orbicularis oculus muscle; incising
the orbicularis oculus muscle at or slightly superior to the eyelid crease incision to
expose the orbital septum; incising the orbital septum along the full extent of
the incision to expose the orbital fat; retracting the orbital fat superiorly to expose
the thinned or dehisced levator aponeurosis; the central and inferior edge of the
aponeurosis is then exposed at the midtarsal level; the aponeurosis is mobilized
superiorly revealing the underlying peripheral vascular arcade and Müller’s muscle;

Figure 17 Same patient as in figure 3: postoperative photo shows results of lacrimal gland
repositioning.
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and, finally, the aponeurosis is advanced over the tarsus and sutured centrally using
a horizontal mattress technique with fine nonabsorbable sutures approximately
3mm below the superior tarsal border. After the first central suture is placed, the
level of the eyelid should be checked for symmetry and function by having the
patient open and close the eye both in the upright and supine positions: adjustments
are made to achieve an optimal result. Approximately four sutures are then placed
centrally between the advanced aponeurosis and tarsus: the aponeurosis should be
sutured to the anterior surface of the tarsus to avoid tilting the tarsal plate inward
(entropion) or outward (ectropion). A slight overcorrection (1mm) is beneficial to
anticipate the antagonistic action of the orbicularis oculus muscle postoperatively.
Excess aponeurosis inferior to the sutures is trimmed (usually 5–10mm) and the skin
crease is reformed by placing buried interrupted dermal fixation sutures through the
orbicularis muscle and levator aponeurosis.

Creation of the Upper Eyelid Crease

Creation of a well-defined lid crease should be considered in all women undergoing
cosmetic blepharoplasty, particularly in cases that involve partial aponeurotic dehis-
cence. An essential feature of a partially dehisced levator is a misplaced and ill-
defined lid crease. However, even patients with a lid crease at the proper height
preoperatively may benefit from a fixation procedure to tighten the pretarsal
platform and improve ptotic eyelashes. A tight pretarsal platform also provides a
good surface to accept makeup. The fixation procedure first involves trimming the
orbital septum and orbicularis oculus muscle to the inferior skin edge. Five to seven
buried interrupted fine sutures spaced out along the length of the tarsus bind the
underlying aponeurosis to the muscle and dermis. The sutures should not enter
the tarsus because this would create a permanent crease that may be evident on
eye closure. Any asymmetry between the lid creases is often obvious, so the fixation
sutures must be placed in exactly the same locations in the opposite eyelid.

The level at which the orbicularis oculus fascia, orbital septum, and levator
aponeurosis fuse to form the conjoined fascia determines the level of the skin
crease. Merging of these fascias occurs high in patients with high lid creases and
normal levator anatomy and function. Since the orbital fat is above the conjoined
fascia, patients with high lid creases (15–20mm) tend to have a hollow-appearing
superior orbital area. Separation of the fascial layers and inferior migration of orbi-
tal fat are probably responsible for the puffiness and low lid creases in some older
patients (13).

Understanding the fascial components of the Occidental eyelid that produce
the lid crease and compartmentalization of the orbital fat is helpful in appreciating
the anatomical basis for the configuration of the Asian eyelid (13). The upper lid
crease in most Asian subjects is usually low or not visible and the pretarsal lid has
a puffy appearance. Formation of the conjoined fascia occurs at a lower level (cor-
responding to the level of the crease), allowing the orbital fat to migrate inferiorly
over the tarsus (Fig. 18). In addition, abundant fat may be present in the subcuta-
neous and suborbicularis planes.

Many of the basic surgical principles in reconstituting an eyelid fold in the
senile eyelid in non-Asian patients apply to creating a lid crease in the Asian patient’s
eyelid. However, some important differences do exist. The subcutaneous and
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Figure 19 Epicanthoplasty, step 1: initial incision along the free edge of fold.

Figure 18 Upper eyelid (right) in an Asian patient displays typical inferior location of
orbital fat due to formation of the conjoined fascia at a lower level compared to the typical

Occidental eyelid (left). P¼orbital fat; F¼ROOF.
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suborbicularis fat is more abundant, fibrotic, and less amenable to easy removal and
sculpting. The dimensions of the Asian eye are smaller, including smaller and thinner
tarsal plates. Finally, epicanthal folds are a unique characteristic of the Asian eyelid
and are challenging to modify surgically.

The usual goals in Asian blepharoplasty are creating or elevating a lid crease,
diminishing the epicanthal fold, and selective orbital fat removal for eyelid debulk-
ing. Although there may be a desire to create a more western-appearing eyelid, pla-
cing the crease too high tends to produce an unnatural appearance. The eyelid crease
in the Asian eyelid should be placed no more than 7mm above the lid margin.

The fundamental surgical principle in creating a lid crease in the Asian eyelid is
to increase the height of the conjoined fascia and lift the orbital fat away from the
pretarsal platform. In addition, excision and sculpting of the orbital and subcuta-
neous fat are usually required to reduce the bulkiness of the skin superior to the
crease. The upper eyelid skin (eyelid fold) will overlap the upper incision to a greater
degree in an Asian patient’s eyelid than in a white patient’s eyelid. Therefore, the
amount of pretarsal exposure on primary gaze will be proportionally less. To main-
tain the unique ethnic characteristics of the Asian eye, pretarsal exposure should be
no more than 3mm, and, as previously mentioned, the upper eyelid incision should
be placed no more than 7mm from the ciliary margin (20). The most commonly used
method to create a lid crease in an Asian eyelid (i.e., double fold operation) is to
suture the levator aponeurosis to the dermis at the new level of the crease (21).

The typical surgical steps involved in creation of a lid crease in the Asian eyelid
include making a lid crease incision from 5 to 7mm above the lid margin and incising
the orbicularis oculus muscle at or slightly superior to the eyelid crease incision
exposing orbital septum. The orbital septum is incised along the full extent of the
incision to expose the orbital fat, which is conservatively removed to reduce the puf-
finess of the eyelid and expose the levator aponeurosis. Subcutaneous fat is removed
from the superior aspect of the wound to improve the contour of the future eyelid
fold and from the inferior aspect of the wound to reduce and tighten the pretarsal
platform. Conservative removal of skin from the inferior wound edge is sometimes
warranted to tighten the pretarsal platform further (overresection will produce ectro-
pion). Five to seven permanent buried or temporary sutures are placed along the
desired crease, joining the pretarsal fascia with the superior and inferior skin edges.
The temporary sutures are allowed to remain for 10 days to foster fibrous fixation
between the newly created crease and underlying tarsus.

Epicanthoplasty

Many procedures are described for the correction of an epicanthal fold including
direct excision, V-Y advancement, transposition flap, and Z-plasty (22). Incisions
over the nasal skin in Asian patients tend to become hypertrophic scars. All the
common corrective procedures are associated with a significant risk of scarring,
under- or overcorrection, and recurrence. Fuente del Campo describes a simple
and effective epicanthoplasty involving the creation of a medially based trans-
position flap (23).

The surgical steps involved in epicanthoplasty include incising the free edge
of the fold (Fig. 19), pulling the dorsal nasal skin medially to open the incision
and expose the medial aspect of the fold. A curved incision is placed in a supero-
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lateral direction from the inferior end of the fold to 2mm below the medial punc-
tum, creating a laterally based transposition flap. Another incision is extended
from the mid fold medially to accept the transposition flap (Fig. 20). The flaps
are elevated, exposing the medial canthal tendon and a medial canthopexy may
be performed if necessary. The transposition flap is placed into the medial incision
and secured with a 4–0 Vicryl dermal–periosteal stitch (Fig. 21). The wounds are
closed with fine nonabsorbable sutures that are removed in 1week (Fig. 22).

Figure 21 Epicanthoplasty, step 3: the transposition flap is placed into the medial horizontal
incision and secured with a 4–0 Vicryl dermal–periosteal stitch.

Figure 20 Epicanthoplasty, step 2: vertical and horizontal incisions within the medial

canthus to create a laterally based transposition flap.
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LOWER EYELID BLEPHAROPLASTY

Surgical Anatomy

The eyelids are divided into anterior and posterior lamellae separated by the orbital
septum (often referred to as the middle lamella). The anterior lamella consists of skin
and orbicularis oculus muscle. The posterior lamella consists of capsulopalpebral fas-
cia, tarsus, and conjunctiva. The fibrous tarsus is approximately 5mm in height in the
midline and spans the free edge of the lower eyelid (see Chapter 7, Eyelid Anatomy).

Important anatomical structures in lower eyelid blepharoplasty include the
capsulopalpebral fascia, orbital septum, orbital fat, suborbicularis oculus fat pads,
orbicularis oculus muscle, inferior rectus muscle, inferior oblique muscle, Lock-
wood’s ligament, and canthi (Fig. 23).

Capsulopalpebral Fascia

The capsulopalpebral fascia is the anterior aponeurotic extension of the inferior rec-
tus muscle. Although the dynamic function of this complex is unknown, it probably
assists in keeping the lower eyelid apposed to the globe on downgaze. The lower
eyelid also moves inferiorly on downgaze, but this is most likely a passive action
facilitated by relaxation of the pretarsal orbicularis muscle, gravity, and translational
contact with the cornea. There is no well-developed involuntary muscle (ostensibly
known as Horner’s muscle) within the lower eyelid complex similar to Müller’s mus-
cle of the upper eyelid.

Orbital Septum

The orbital septum is an extension of the orbital periosteum and the periosteum over
the face of the maxilla. The trifurcation of fascias along the inferior orbital rim repre-
sents the inferior arcus marginalis. The orbital septum (anteriorly) and the capsulo-

Figure 22 Epicanthoplasty, step 4: final skin closure and effacement of the epicanthal fold.
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palpebral fascia (posteriorly) enclose the orbital fat behind the inferior eyelid. The
orbital septum extends superiorly to merge with the capsulopalpebral fascia a few
millimeters below the inferior border of the tarsus.

Orbital Fat

The orbital fat (Fig. 24) is surrounded by fine connective tissue septa. An anterior
fascial extension from the inferior oblique muscle (the arcuate expansion) separates
the medial fat pad from the central fat pad. Another anterior fascial extension near
the origin of the inferior rectus muscle separates the central fat pad from the lateral

Figure 23 Surgically important landmarks in lower eyelid blepharoplasty.

Figure 24 Orbital fat of the inferior eyelid (right eye). A. Lateral fat pad. B. Central fat pad.
C. Medial fat pad. D. Inferior oblique muscle origin.
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fat pad. The medial fat pad is paler in appearance due to its greater fibrous tissue
content and it is more prone to bleeding. Although the majority of the orbital fat
is contained behind the orbital septum, a small dehiscence in the orbital septum just
below the lateral canthal tendon allows a small bulge of orbital fat to emerge (16).

Suborbicularis Oculi Fat Pads

The suborbicularis oculus fat (SOOF)(Fig. 25) pad is made up of deep fat situated
inferior to the inferior orbital rim, below the orbicularis oculus muscle and above
the periosteum (24).

Orbicularis Oculus Muscle

The muscular fibers of the orbicularis oculus muscle encircle the orbit including the
eyelids and beyond the orbital rims. There are three components, depending on the
underlying structure that the muscle is covering: pretarsal, preseptal, and orbital
(outside the orbital rims) (25). The muscle is intimately associated with the overlying
skin with little intervening subcutaneous tissue and fat.

Inferior Rectus and Inferior Oblique Muscles

The inferior rectus muscle takes origin in the posterior orbit and inserts into the
inferior aspect of the globe 6.5mm inferior to the corneal limbus (26). The inferior
oblique muscle takes origin from the bone in the anteromedial orbit (the only extra-

Figure 25 SOOF: this fat pad is situated deep and inferior to the inferior orbital rim, below
the orbicularis oculus muscle and above the periosteum.
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ocular muscle to take origin from the anterior orbit) and courses within orbital fat
posterolaterally to insert onto the globe. The inferior oblique muscle passes under
(inferior to) the inferior rectus muscle 9mm posterior to the inferior rectus insertion
(15.5mm posterior to the inferior limbus) (26). The origin of the inferior oblique
muscle and the insertion of the inferior rectus muscle are often visualized during rou-
tine cosmetic blepharoplasty.

Lockwood’s Ligament

Lockwood’s ligament is an inferior transverse suspensory ligament formed by a con-
densation of capsulopalpebral fascia at the axis of the globe. It acts as a supportive
sling for the globe preventing downward displacement (vertical movement), even in
the absence of the bony orbital floor (e.g., maxillectomy defects).

Canthi

The lateral canthus consists of a complex fusion of several structures including
fibrous extensions of the upper and lower tarsal plates, the lateral extension of the
levator aponeurosis, Lockwood’s ligament, and the check ligament of the lateral rec-
tus muscle (5). This complex is termed the lateral retinaculum and serves to attach
the tarsal plates to the lateral orbital rim. It has superficial and deep limbs that insert
into the periosteum over the lateral orbital rim and into Whitnall’s tubercle, respec-
tively. The superficial limb is thin and insubstantial. Whitnall’s tubercle is approxi-
mately 4mm deep to the lateral orbital rim and 9mm below the zygomaticofacial
suture (27).

The vertical position of the lateral palpebral commissure changes with age.
Younger individuals tend to have their lateral commissures 1–2mm above the medial
commissure, giving the palpebral fissure a superolateral slant. The lateral commis-
sure descends with age, resulting in an equal or a slightly inferior relationship to
the medial commissure (9,27).

Cosmetic Lower Eyelid Blepharoplasty

The most common reason for performing a cosmetic lower eyelid blepharoplasty is
for the correction of orbital fat pseudoherniation (steatoblepharon) and the most
common functional indication is for acquired lower eyelid laxity (e.g., senile
ectropion). Other indications include reconstruction of postsurgical defects, ectro-
pion, entropion, dermatochalasis, malar folds, and festoons.

There are two basic techniques for surgical access to the orbital fat: transcuta-
neous and transconjunctival. Many surgeons use one or the other approach exclu-
sively; however, each approach has merit depending on the pathology and goals of
the operation. The best approach depends on three factors: pre-existing lower lid
laxity, degree of skin redundancy, and presence of orbicularis oculus hypertrophy.
Pre-existing lower lid laxity and the need for some type of lid tightening procedure
may require a transcutaneous approach to provide for sufficient elevation and resec-
tion of the lateral tarsus. Mild lid laxity may be amenable to lesser procedures
designed to suspend the inferior tarsus through a transconjunctival or upper blepharo-
plasty incision. In cosmetic cases, the amount of skin redundancy is the major factor
in determining the need for a transcutaneous approach. If only fine wrinkling is
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evident over the lower eyelid, a transconjunctival approach is appropriate combined
with a procedure that will address the fine wrinkling such as laser resurfacing (CO2

or erbium), chemical peel, or dermabrasion. Excising a small strip of subciliary skin
is also commonly done by the pinch technique to address this problem. However, if
there is moderate-to-severe skin redundancy with or without orbicularis muscle
hypertrophy, a transcutaneous approach is indicated. Orbicularis oculus muscle
hypertrophy involves, most prominently, the pretarsal portion of the muscle. It is
accessed through a standard subciliary incision during a routine transcutaneous
(skin-only flap) blepharoplasty. The hypertrophied muscle is carefully planed down
by excising the raised surface along the direction of the muscle fibers (28). The
muscle is never divided.

Transcutaneous Approach

The subciliary incision is placed 2mm below the lower lid margin, extending from
the level of the punctum medially to approximately 1 cm lateral to the lateral com-
missure. A skin-only or a skin–muscle flap is created and dissected inferiorly to the
level of the orbital fat. In either case, the pretarsal orbicularis oculus muscle is pre-
served to lend support to the eyelid margin. The skin is intimately related to the
underlying orbicularis muscle and dissection between these layers is difficult. Injury
to the skin and ecchymoses are common. The skin-only technique is useful for cor-
rection of extensive dermatochalasis or for resection of an excessive amount of lax
skin. Once the dissection reaches the level of the orbital fat, the muscle and orbital
septum are penetrated and the fat is resected as needed.

A skin–muscle flap is much more common and the dissection is relatively easy
(16). After the subciliary incision, a limited skin-only dissection proceeds to just
inferior to the pretarsal portion of the orbicularis oculus muscle. At this point, the
muscle is penetrated and the new plane of dissection is between the orbital septum
and muscle. This is a bloodless plane and the septum and muscle are easily separated.

A visible scar results from all of the transcutaneous approaches but only rarely
is the scar prominent or noticeable to the casual observer. Ectropion is the major
concern after a transcutaneous approach and is most often associated with the sub-
ciliary incision. To minimize the incidence of postoperative ectropion, the pretarsal
portion of the orbicularis oculus muscle should be preserved to support the lower lid
and lessen the effects of scar contracture.

Technique

The typical surgical steps involved in a transcutaneous lower eyelid blepharoplasty
include creation of a subciliary incision 2mm below the free lid margin from just
below the lower punctum to 1 cm lateral to the lateral commissure. A submuscular
dissection plane is then established below the pretarsal orbicularis oculus and at
the level of the bulging orbital fat along the entire horizontal extent of the orbital
septum. The central fat pad is usually the most prominent and is treated first by
grasping the portion overlapping the orbital rim, cauterizing the base, and excising
it. The medial and lateral fat pads are resected in a similar manner; the medial fat
pad is particularly prone to bleeding and should be well cauterized. The medial fat
pad, lying slightly deeper, is close to the inferior oblique muscle and the area around
the proposed fat excision should be gently explored to identify the muscle. The
amount of fat to be resected is determined by repeatedly checking the contour of
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the eyelid after replacing the flap, aided by light pressure on the globe. The skin–
muscle flap is redraped and a triangle-shaped portion of excess flap tissue is excised
laterally. The flap edge should rest without tension against the subciliary incision
line. A fine absorbable suture (5-0 PDS) is placed through the lateral orbicularis ocu-
lus muscle and the periosteum overlying the lateral orbital rim to suspend the lower
lid and minimize the risk of ectropion and lid malposition. The skin is closed with
either a running or a continuous suture in a single layer.

Transconjunctival Approach

The transconjunctival approach was originally described in the early 20th century
and popularized by Converse and Tessier for access to the orbital floor fractures
(29,30). Today, it is a popular method of approaching the orbital fat in cosmetic ble-
pharoplasty of the lower lid. The dissection is from the inner surface of the eyelid and
the globe must be protected. A variety of surgical instruments are specifically
designed to protect the globe during lower lid blepharoplasty, including corneal
shields and specialized retractors. The Jaëgar retractor is contoured to the shape
of the globe and assists in retracting the globe posteriorly after it is placed deep into
the inferior fornix. With the Jaëgar and Desmarres (lid retractor) retractors in place,
the capsulopalpebral fascia is fully exposed. The Jaëgar retractor may be replaced
later in the procedure by the inferiorly based capsulopalpebral flap as it is pulled
over the surface of the cornea using fine traction sutures. Corneal shields can be use-
ful but can involve some stretching of the eyelids and patient discomfort for place-
ment. They can slide freely over the surface of the globe, exposing the cornea to
inadvertent injury.

Loop magnification is helpful for the novice surgeon to identify accurately the
layers of the lower eyelid. There are two methods to expose the orbital fat via the
transconjunctival approach: the retroseptal approach and the preseptal approach
(Fig. 26). The retroseptal approach involves creating a horizontal incision between
the lower border of the tarsus and fornix through the capsulopalpebral fascia
directly entering orbital fat. The preseptal approach involves entering the potential
space between the orbicularis oculus muscle and orbital septum through an infratar-
sal incision. The orbital fat is visualized through the thin orbital septum similarly
to the transcutaneous approach. Orbital fat excision in cosmetic blepharoplasty is
performed via the retroseptal approach by most surgeons.

Retroseptal Approach

The typical surgical steps involved in a retroseptal lower eyelid blepharoplasty
begin by placing medial and lateral silk retaining sutures through the gray line
to aid in lid eversion. As the lid is everted, a Jaëger retractor is placed against the
globe to expose the proposed incision fully. The globe is slightly depressed to high-
light the areas of fat protrusion through the capsulopalpebral fascia. The conjunc-
tiva–capsulopalpebral fascia is opened fully from the level of the medial punctum
to the lateral canthus, exposing the medial, central, and lateral fat pads. The fat pads
are identified and trimmed after cauterization along the base of the incision. The
effects of trimming the orbital fat are evaluated by observing the external lower eye-
lid both at rest and with gentle pressure over the globe. A mild-to-moderate degree
of excess skin can be trimmed using the pinch technique. At the completion of the
procedure, the edges of the incised conjunctiva–capsulopalpebral fascia are apposed
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by lifting the lid superiorly (no suturing is needed). A Frost suture can be placed to
ensure no overlapping of the conjunctival incision if desired (Fig. 27).

The retroseptal approach to the orbital fat is a more direct method of excising
protuberant orbital fat compared to the preseptal approach, which probably accounts
for its popularity. However, if the retroseptal incision is placed too posteriorly,
injury to the extraocular muscles is more likely. The preseptal approach requires
more skill and is slightly more time-consuming but has significant advantages.
The orbital fat is exposed via the orbital septum similarly to the transcutaneous
approach, allowing dissection and excision of prolapsing orbital fat in a more ante-
riorly oriented approach away from the extraocular muscles (Fig. 28). The fat pads
are easier to identify, especially the lateral orbital fat pad (Fig. 29). In addition, a
capsulopalpebral flap is developed prior to fat excision that can be pulled over the
corneal surface to prevent corneal injury (Fig. 30). The incision through the orbital
septum may result in further tightening of this structure, enhancing the aesthetic
outcome. Although not yet proven, the preseptal approach to the orbital fat
may be associated with less serious complications, such as extraocular muscle
injury, than the retroseptal approach.

Tranconjunctival Orbital Fat Repositioning

A recent concept in the treatment of the aging face is preservation and repositioning
(vs. excision) of fat. Repositioning prolapsing orbital fat may be beneficial in treating
fat-deficient areas over the orbital rim that are created with the age-related descent
of the midfacial structures including skin, subcutaneous fat, and malar fat pad. Fat
repositioning is especially helpful in camouflaging the tear trough deformity present
in many patients due to soft tissue ptosis. The orbital fat in the medial and central
compartments is amenable to repositioning to soften the area over the orbital rim
and upper medial cheek.

The technique of orbital fat repositioning involves the following surgical steps.
Preoperative marking of fat-deficient areas is required with respect to the tear trough
deformity while the patient is upright. A retroseptal or preseptal transconjunctival
approach is used to expose the orbital fat. Inferior dissection exposes the full extent

Figure 26 Sagittal view of the lower eyelid shows the retroseptal (2) and preseptal (1)
approaches to the orbital fat during transconjunctival blepharoplasty.
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of the arcus marginalis. The arcus is incised and a subperiosteal dissection proceeds,
creating a pocket according to the preoperative markings. The pedicled orbital fat is
carried over the orbital rim and placed into the subperiosteal pocket, trimming as
necessary. The distal portion of the pedicled fat is secured to the SOOF or overlying
periosteum with fine buried absorbable sutures.

Transconjunctival (preseptal) SOOF Lift

The SOOF lift is a method of midface rejuvenation to correct ptosis of the skin, sub-
cutaneous fat, and the malar fat pad. The SOOF itself is closely attached to the max-
illary periosteum and probably does not descend markedly with age. However,

Figure 27 Frost suture in place to lift lower eyelid. This is useful in promoting healing and
avoiding eyelid malposition problems.
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SOOF suspension will camouflage contour deficiencies in the upper cheek and orbi-
tal rim areas (but does not address the tear trough deformity). Overlying skin and
subcutaneous fat are also lifted, resulting in an actual increase in skin and muscle
available in the lower eyelid. A transconjunctival SOOF lift is useful to bring needed
tissue into the lower eyelid to correct a deficient anterior lamella (eyelid skin and
muscle) associated with vertical eyelid retraction (31). A transcutaneous midface lift
by SOOF suspension is a reasonable alternative when there is no pre-existing vertical
eyelid retraction (32).

The technique of the SOOF lift involves the following surgical steps. A lateral
canthotomy and inferior cantholysis are performed to free the lower eyelid. A full
horizontal incision is created inferior to the inferior tarsal border to enter the presep-
tal space. The space between the orbicularis oculus muscle and orbital septum is dis-
sected to the arcus marginalis. The periosteum is incised horizontally across the
inferior orbital rim and below the canthotomy incision. The periosteum over the face
of the maxilla and malar eminence is undermined. Approximately 15mm below the
inferior orbital rim, the periosteum is incised and released to allow superior transpo-
sition of the SOOF and attached structures. The superior aspect of the SOOF and its
attached periosteum are anchored to the orbital rim periosteum with horizontal mat-
tress 4–0 Prolene sutures. The lateral canthal tendon is reattached using typical
canthoplasty procedures.

Correction of Lower Lid Laxity and Malposition

Patients undergoing cosmetic blepharoplasty may benefit from prophylactic cantho-
plasty to prevent postoperative lid malpositions (Table 2). Pre-existing clinical condi-
tions that warrant prophylactic canthoplasty include proptosis, lid margin posterior

Figure 28 Orbital fat pads as seen via the preseptal approach; note the medial (1), central

(2), and lateral (3) collections.
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to corneal apex (negative vector deformity), malar deficiency, and mild lid laxity (not
associated with malposition). All transcutaneous subciliary blepharoplasties should
include prophylactic canthoplasty. Patients with predisposing conditions who are
undergoing cosmetic blepharoplasty are candidates for inferior retinacular suspen-
sion (33). The inferior retinacular lateral canthoplasty results in tightening of the
lower lid margin via the lateral extension of the upper blepharoplasty incision. It is
easily combined with a transconjunctival lower lid blepharoplasty. In cases that
require only minimal lower lid tightening, a canthopexy (without cantholysis) may
be performed. Inferior retinacular lateral canthoplasty involves the following surgical
steps: elevate a skin-muscle flap over the lateral orbital rim from the lateral extension
of the upper blepharoplasty incision; cut and mobilize the lower lid component of the
lateral retinaculum (inferior cantholysis) (Figs. 31,32); pass a horizontal mattress
suture of 4–0 Prolene between the lower lateral canthal tendon and the lateral
rim periosteum at the level of the pupil (in primary gaze) (Fig. 33); tighten
and tie the suture to secure the lateral canthal tendon in its elevated position;
and confirm that the lower eyelid margin slightly overlaps the inferior limbus

Figure 29 Preseptal exposure of orbital fat; the forceps is grasping the central fat pad.
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Figure 30 A capsulopalpebral flap (arrow) elevated and pulled over the corneal surface

protects the globe from inadvertent injury.

Table 2 Lateral Canthoplasty Techniques and Indications

Procedure Indications Comments

Pentagonal wedge
resection

Excess horizontal lid
length with lid laxity

Rarely used; associated with lid margin
notching; lateral canthal procedures
often required anyway

Tarsal strip Senile ectropion
Paralytic ectropion
Substantial lid laxity

Disrupts commissure; leads to some
rounding of the canthal angle and
shortening of the palpebral slit;

reliably corrects lower lid laxity,
ectropion, and canthal dystopia

Dermal pennant
stitch

Lid laxity associated with
minor lid malpositions

and canthal dystopia

Preserves integrity of the commissure;
postoperative edema and dog ears are

common; should be used with caution
in patients undergoing cosmetic
blepharoplasty; best in patients with

> 1 cm between the commissure and
lateral orbital rim

Inferior retinacular

suspension

Negative vector

relationship
Minor lid laxity

Good choice for cosmetic blepharoplasty

patients to prevent postoperative lid
malposition; no need for lower eyelid
incision; ideal for use in combination
with the transconjunctival approach
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Figure 31 Inferior retinacular canthoplasty, step 1: the lower lid component of the lateral

retinaculum is cut via the lateral extension of the upper blepharoplasty incision.

Figure 32 Inferior retinacular canthoplasty, step 2: the lower lid component of the lateral
retinaculum is mobilized.
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Figure 33 Inferior retinacular canthoplasty, step 3: a suture is passed through the mobilized
component of the inferior retinaculum, through the lateral orbital rim periosteum, and tied.

Figure 34 Lateral tarsal strip, step 1: depicted is a lateral canthotomy; an inferior
cantholysis is performed to complete this step of the operation.
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approximately 2mm (slightly overcorrected). The upper eyelid blepharoplasty
incision is closed as usual.

Correction of Ectropion

Senile ectropion, paralytic ectropion, and lids with substantial laxity require techni-
ques that involve lid margin shortening and resuspension. The most common and
successful technique for moderate-to-severe ectropion is the tarsal strip procedure
(34), which involves a lateral canthotomy with inferior cantholysis. The incision
can be carried into the lateral extension of the lower blepharoplasty incision
when using the subciliary transcutaneous approach (Figs. 34, 35). A tarsal strip is

Figure 35 Lateral tarsal strip, step 2: an inferior cantholysis is performed with scissors as
the lower eyelid is retracted away from the globe.

Figure 36 Lateral tarsal strip, step 3: a tarsal strip is developed by dissecting skin and
muscle off the tarsus separating the anterior and posterior lamellae. A. Tarsus. B. Openings of
meibomian (tarsal) glands.
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developed by dissecting skin and muscle off the anterolateral aspect of the tarsus and
mucosa and conjunctiva from its posterolateral aspect (Fig. 36). The tarsal strip is
pulled laterally to tighten the eyelid margin, with excess tarsus trimmed as needed.
The tarsus is secured with a mattress suture (5-0 Prolene) to the lateral orbital rim
slightly superior to its original attachment at Whitnall’s tubercle (Fig. 37). A buried
suture is placed to appose the upper and lower gray lines laterally to re-create the
lateral commissure accurately (Fig. 38). The cutaneous incision is closed with a run-
ning 5–0 prolene suture.

The tarsal strip is indicated for moderate-to-severe cases of ectropion not asso-
ciated with cicatrix or tissue deficiencies in the posterior or anterior lamellae (see
section on Inferior Lid Retraction). The procedure results in actual horizontal
shortening of the eyelid margin and a slight superior repositioning of the lateral
canthus. The disadvantages of this procedure include slight rounding of the lateral
commissure and a slightly narrower palpebral slit. In less serious cases of simple
ectropion or scleral show, inferior retinacular suspension or orbicularis oculus sus-
pension is performed.

Correction of Entropion

Surgical correction of entropion must be designed to rotate the lid margin away
from the surface of the cornea. This usually requires the use of cartilage grafts
(senile entropion) or cartilage–mucosa grafts (cicatricial entropion). However, senile

Figure 37 Lateral tarsal strip, step 4: the lateral tarsus is secured with a mattress suture (5-0
Prolene) to the lateral orbital rim.
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entropion is often effectively managed by the lateral tarsal strip procedure alone. If
the entropion is limited to less than 25% of the lid margin, it may be corrected by
full-thickness excision and primary closure.

Correction of Lower Eyelid Retraction

Correction of lower eyelid retraction must be based on the underlying pathological
condition. Deficiency of skin or muscle in the anterior lamella or deficiency of the
soft tissues within the posterior lamella will often require the use of grafts for ade-
quate correction. After horizontal division of the structures that are vertically defi-
cient (e.g., capsulopalpebral fascia, orbital septum, orbicularis muscle, or skin), a
combination of cartilage grafts and skin may be required. If the lid retraction
is due to scarring without loss of soft tissue, then simple scar lysis and temporary
lid support may be adequate (e.g., Frost suture). This may be feasible after
transconjunctival blepharoplasty when the edges of the conjunctiva–capsulopalpebral
flaps heal in an overlapping position, resulting in eyelid retraction and scleral show.

Moderate-to-severe cases of vertical eyelid retraction may also be corrected
through recruitment of skin and orbicularis muscle from the cheek. Recruitment
may be accomplished by pulling the eyelid margin superiorly using a fascial graft
(e.g., palmaris longus tendon). The tendon is routed through a suborbicularis pocket
and fixed medially and laterally along the orbital rim. This procedure is usually used
in cases of severe paralytic or involutional ectropion. Significant recruitment of
cheek tissue can also be accomplished by SOOF suspension. Subperiosteal dissection

Figure 38 Lateral tarsal strip, step 5: a suture is placed to appose the upper and lower gray

lines laterally to re-create the lateral commissure.
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inferior to the arcus marginalis mobilizes cheek tissue and the SOOF. Superolateral
suspension of this complex moves both the posterior and anterior lamellae super-
iorly, thereby correcting lid retraction. Severe cases that are not amenable to repair
by these procedures will require grafting in addition to suspension.

Correction of the Tear Trough Deformity

A tear trough deformity may be effectively corrected by repositioning the orbital fat
over the inferior orbital rim. However, the deformity may also be masked by simply
excising protruding orbital fat, as in routine blepharoplasty, and may need no
further treatment. Although fat and fascial grafts have been used, they often
resorb (9).

The medial and central fat pads can be repositioned to efface a tear trough dur-
ing routine lower eyelid blepharoplasty (35). The tear trough is marked preopera-
tively while the patient is in an upright position. The orbital fat is draped over or
under the periosteum. A subperiosteal pocket is generally preferred because it is
bloodless and there is less risk of entering the angular vessels. The orbital fat is then
brought over the orbital rim still pedicled to its vascular supply and placed into the
subperiosteal pocket. The leading edge of the transposed fat is fixated using absorb-
able suture to the depths of the subperiosteal pocket. Even distribution of the fat
within the pocket results in effacement of the tear trough and significant improve-
ment in the appearance of the nasojugal area.

Correction of Malar Folds and Festoons

Surgical treatment of malar folds has traditionally been accomplished by direct exci-
sion but they can also be treated through a standard transcutaneous blepharoplasty
incision (10). An ordinary subciliary skin–muscle flap is developed with a lateral
canthal extension of no more than 1.5 cm. Excision or redraping of the orbital fat
proceeds as usual followed by further inferior submuscular dissection to the superior
margin of the fold. The plane of dissection then shifts to the supramuscular (subcu-
taneous) layer under the thicker malar skin (Fig. 39). The dissection proceeds to the
inferior extent of the fold and the protruding tissues are removed, including slips of
orbicularis oculus muscle and fat, as needed. Subcutaneous suspension sutures are
placed at the inferior aspect of the wound and secured to the lateral aspect of the
bony orbital rim and arcus marginalis to counteract the downward pull of this large
infraorbital flap. The remaining surgical steps including redundant skin–muscle
resection at the superior edge of the wound proceed as in standard blepharoplasty.
Although festoons may also be treated via standard blepharoplasty approaches,
large deformities may still require direct excision.

COMPLICATIONS

A thorough preoperative evaluation (history, physical, eye examination) is essential
to detect patients at increased risk for complications. Complications associated with
blepharoplasty are outlined in Table 3.
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Eyelid Malposition

Scleral show, eyelid eversion (ectropion), and vertical eyelid retraction are most often
associated with blepharoplasty of the lower lid. Failure to tighten a lax lower lid is the

Figure 39 Dissection plane to reach the malar fold for correction of a malar fold deformity.

Table 3 Complications of Blepharoplasty

Eyelid malposition
Superficial hematoma

Conjunctival granuloma
Infection
Chemosis

Canthal webbing
Dry eye syndrome
Overresection of fat
Underresection of fat

Underresection of skin
Upper lid crease asymmetry
Ptosis

Diplopia
Visual loss

888 Dolan



most common cause of postoperative lower lid malposition. Excision of excess skin
or muscle is the second most common cause of postoperative lid malposition, result-
ing in vertical eyelid retraction and scleral show (lower lid) or lagophthalmos (upper
lid). If postoperative ectropion or lagophthalmos is moderate-to-severe and due to
excess skin excision, the patient’s excised skin can be replaced as a free graft. This
can be done immediately if the problem is noticed in the operating room. The original
excised skin should be saved in a saline-soaked surgical sponge and refrigerated. This
banked skin can be used as a free graft up to 48 h postoperatively. As an alternative, a
full-thickness skin graft from the postauricular area or clavicle may be required.

Lower lid malposition and scleral show noted in the early postoperative period
should be treated conservatively by massage and suspending the eyelid with tape
(Fig. 40). The eyelid should return to a normal position within 3 weeks. After an
upper lid blepharoplasty it is common to note a slight separation of the upper lid
from the lower lid (approximately 1mm of lagophthalmos). This amount of lago-
phthalmos will spontaneously resolve after the edema and function of the orbicularis
oculus improve.

The transconjunctival approach to the lower eyelid fat and inferior orbit is
associated with less risk of postoperative scleral show and ectropion than the
transcutaneous approaches. This may be the case because, in transconjunctival

Figure 40 Temporary suspension of the lower eyelid after blepharoplasty using Steri-strips
is useful in preventing postoperative eyelid malposition.
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blepharoplasty, the anterior lamella (skin and orbicularis oculus muscle) is not vio-
lated and the capsulopalpebral fascia is divided, resulting in less downward pull on
the lower eyelid margin. However, cicatricial ectropion may result after transcon-
junctival blepharoplasty due to excessive overlapping of the free edges of the con-
junctival incision along the horizontal extent of the lower eyelid. This can be
avoided by carefully pulling the lower eyelid superiorly at the conclusion of the
operation to prevent any incisional overlap or by suspending the lower eyelid with
a Frost suture or tape for 24–48 h. Nevertheless, the occurrence of ectropion is much
lower using the transconjunctival approach (< 5%) than the conventional transcu-
taneous approaches (> 25%).

Superficial Hematoma

Hematomas involving the subcutaneous tissues are best treated by aspiration to
minimize fibrosis and scarring. If one assumes that the patient was screened for
clotting abnormalities, it is difficult to predict which patients will experience pro-
longed ecchymoses or hematomas.

Granuloma

Granuloma formation along the conjunctival incision occurs unpredictably. The
granuloma presents as a pedunculated mucosa-covered mass along the transconjunc-
tival incision. If it is distressing to the patient or obscures the visual axis, it will
require simple secondary excision.

Infection

Although infection after blepharoplasty is rare, once the septum is surgically brea-
ched serious deep orbital infection is a risk. At the first signs of orbital infection,
such as pain, redness, or purulent discharge, the patient should be given antibiotics.
If an orbital abscess is suspected a CT scan should be obtained. An abscess can
usually be drained via the original incisions.

Chemosis

Chemosis (conjunctival edema) occurs unpredictably, usually following lower lid
blepharoplasty. However, it can occur after transconjunctival or transcutaneous
surgery. Supportive care is all that is needed, including eye lubricants. It will resolve
spontaneously within 3–4 months (16).

Canthal Webbing

Epicanthal webs may result if the upper blepharoplasty incision is carried beyond the
level of the medial punctum. It usually must be corrected by direct excision with W-
plasty scar revision. Minor webbing in the early postoperative period may be man-
aged with subcutaneous steroid injections.

Dry Eye Syndrome

Even minor dysfunction of upper eyelid closure can result in corneal drying, espe-
cially in patients at risk. Any complaints of dry eye symptoms (stinging, irritation,
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lack of tears=lubrication) preoperatively may worsen, even after a conservative
upper eyelid blepharoplasty. Damage or inadvertent resection of the lacrimal gland
will result in an irreversible condition of dry eyes and corneal injury. The lacrimal
gland must be carefully differentiated from the upper central fat pad. The gland
may be prolapsed and the inexperienced surgeon could misidentify it as orbital
fat. However, the gland is usually easily differentiated from adjacent orbital fat.
The gland will have a thicker capsule and will be firmer with light gray coloring.
The prolapsed lacrimal gland can be safely resuspended under the upper lateral
orbital rim using interrupted 5–0 Prolene sutures.

Overresection of Fat

Excessive removal of fat can lead to a hollowed appearance to the lid or restrictions
in lid movement. Deep orbital fat resection can lead to inadvertent injury to extrao-
cular muscles, especially the inferior oblique and inferior rectus muscles. Treatment
of this condition is rarely satisfying and consists of free fat transplants or fat injec-
tion. In cases of vertical dystopia resulting from excess fat excision anterior to the
axis of the globe, the condition may be improved by augmenting the orbital floor
with grafts including bone. However, even with aggressive fat removal, vertical dys-
topia is rarely observed because of globe support from Lockwood’s ligamentous
sling.

Underresection of Fat

Underresection of orbital fat is most commonly encountered after transconjunctival
lower eyelid blepharoplasty, especially involving the lateral orbital fat pad. This is
often noticed after the edema has resolved. Revision blepharoplasty will be required
to correct the problem.

Underresection of orbital fat in the upper eyelid most often involves the medial
fat pad. One method to treat this problem without reopening the skin over the area is
to approach the fat pad under the eyelid through the conjunctiva (i.e., transconjunc-
tival upper blepharoplasty) (17). The medial fat pad lies medial to the levator apo-
neurosis and is the only fat pad in the upper eyelid to do so. Therefore, only the
medial fat pad is accessible by this approach.

Underresection of Skin

Underresection of skin is most commonly encountered in the upper eyelid. Before
revision, the level of the eyebrow must be re-evaluated. Lateral hooding involving
an apparent excess of skin in the lateral orbit may be due to a ptotic brow. Removal
of skin in the area will result in further decent of the eyebrow and incisions within the
thicker infrabrow skin could lead to obvious scarring. A brow lift may be all that is
necessary to correct the problem.

Upper Lid Crease Asymmetry

Lid crease asymmetry may be secondary to actual differences in the height of the
crease or secondary effects from an asymmetrical lid fold. An asymmetrical lid fold
may be caused by differences in the amount of skin or orbital fat resected. This
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abnormality should be observed to await complete resolution of edema and the
effects of scar contracture. Altering the height of one of the creases, if necessary,
can then done secondarily.

Ptosis

Mild blepharoptosis is common after upper lid blepharoplasty and is secondary to
temporary dysfunction of the levator and Müller’s muscles. As the edema subsides
and muscular function returns to normal (usually within a few days), the ptosis will
resolve. Persistent blepharoptosis may be secondary to injury to the levator muscle
or inadvertent separation of the levator aponeurosis from the conjoined fascia. This
usually occurs along the inferior aspect of the incision where the aponeurosis is
closely apposed to the overlying orbicularis oculus muscle. Aponeurotic injury can
also occur if the orbital septum is opened inferior to the orbital fat. The orbital
fat serves as a protective layer and the orbital septum should only be opened over
the bulging fat, not inferior to it.

Subclinical ptosis may be unmasked in the postoperative period after ptosis
repair in the opposite eye. This phenomenon is an example of the effect of Hering’s
law of equal innervation. Subclinical ptosis can be detected in the preoperative
evaluation by manually elevating the obviously ptotic lid. If Hering’s law is a factor,
the opposite lid will become ptotic. The operative plan should include correction of
ptosis for both lids.

Diplopia

Temporary diplopia lasting several hours after an uneventful blepharoplasty may be
due to dysfunction of the extraocular muscles from the local anesthetic. Mild diplo-
pia may be present for several days (or weeks) due to hematoma and edema. Perma-
nent diplopia typically results from direct injury to the extraocular muscles.

The most common extraocular muscle to be injured during transcutaneous ble-
pharoplasty is the inferior oblique muscle. However, the inferior rectus muscle is
injured at least as often as the inferior oblique muscle with use of the retroseptal
transconjunctival approach (26). During routine transcutaneous or preseptal trans-
conjunctival blepharoplasty, the origin of the inferior oblique muscle is often
exposed and may be injured. Many surgeons prefer to identify the belly of the muscle
prior to fat excision to avoid inadvertent injury. Since the origin of the muscle is
somewhat variable, and possibly more anteriorly positioned in some patients, iden-
tifying the muscle is warranted in most cases.

Placing the transconjunctival retroseptal incision too posteriorly (deep in the
fornix) may result in direct injury to the inferior rectus or oblique muscles. Dissec-
tion and excision of the orbital fat through a posterior incision may also result in
adjacent muscle injury or scarring that could lead to muscle dysfunction and strabis-
mus. Injury to the inferior oblique muscle results in problems with extorsion and
inferior rectus injury results in limitations in inferior rotation.

Visual Loss

Blindness after blepharoplasty is the most dreaded complication and occurs in about
1:40,000 cases. The usual mechanism involves retrobulbar hemorrhage that increases
extra- and intraocular pressure beyond the perfusion pressure of the retinal artery
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(ischemic optic neuropathy) (25). Factors associated with hematoma include use of
anticoagulants, hypertension, advanced age, and metabolic disease (1). The cause of
the retrobulbar hemorrhage is unknown but shearing of the fine blood vessels that
supply the deep orbital fat may be a contributing factor. Therefore, gentle handling
of the fat is essential to prevent postoperative hemorrhage. Patients should be coun-
seled regarding postoperative care including participating in only light activities,
avoidance of straining, and avoiding medications that interfere with clotting for 7
days postoperatively. No occlusive or pressure dressings should be applied to the
eye after blepharoplasty.

Signs of retrobulbar hemorrhage include proptosis, pain, and vision changes
including field and color changes, and diffuse ecchymosis. Retrobulbar hemorrhage
and blindness are most often associated with excision of fat from the lower lid medial
fat pocket. Hemorrhage and visual loss are seldom associated with upper eyelid ble-
pharoplasty. Prompt evaluation and treatment are required to prevent blindness in
patients with a retrobulbar hematoma. Therapeutic steps include: opening the
wound at the bedside, lateral canthotomy and inferior cantholysis, and administra-
tion of mannitol and steroids. An ophthalmological surgeon should be consulted
promptly. If vision remains impaired despite these measures, consideration of bony
orbital decompression is next. Decompression proceeds by removal of the inferome-
dial orbital floor, and, if necessary, removal of the medial wall (via a Lynch incision),
and, finally, removal of the lateral wall.

Other causes of postoperative blindness have been reported including embolic
retinal artery occlusion or migration of substances within the subarachnoid space to
the contralateral eye (causing temporary vision loss in the opposite eye). The risk
of amblyopia is high in children under the age of 8 years when visual stimulation
is interrupted for even a few days. Prolonged use of occlusive dressings or blurring
eye ointments should be avoided (7).

SPECIAL TOPICS

Medicare Rules for Blepharoplasty as a Covered Benefit

Blepharoplasty is a Medicare-covered benefit if it is performed for functional reasons
(usually to improve vision) according to the Medicare Part B regulations published
in 1996. Blepharoplasty is considered functional when excision of excessive skin, fat,
or muscle results in correction of the upper lid to allow for proper positioning of eye-
glasses; blepharoptosis repair improves vision impaired by paresis of the levator
muscles; and excision of excess skin improves chronic, symptomatic dermatitis of
the pretarsal platform. To establish medical necessity as a covered service under
Medicare Part B regulations, one or more of the following criteria must be met: mal-
positioning of spectacles due to excessive lower lid tissue, with photographic docu-
mentation; upper eyelid margin is within 2.5mm of corneal light reflex on primary
gaze; excessive eyelid tissue rests on the eyelashes; and= or visual fields demonstrate
a minimum of 8 degrees or 20% loss of upper field vision, correctable by taping. The
rules regarding blepharoplasty as a covered benefit may vary according to unique
state regulations, year, and insurance carrier. Other functional problems that are
covered by most third-party payers include correcting prosthesis problems and
chronic blepharitis.
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Laser Blepharoplasty

After the skin markings are completed, a CO2 laser (5–10W, continuous mode) can
be used to complete the operation including skin, muscle, and fat excision. The
advantages of the laser include improved precision, minimal manipulation of the tis-
sues, improved hemostasis, and decreased operative time. In addition, with the beam
slightly out of focus, the orbital fat can be more precisely sculpted. The disadvan-
tages include laser eye injury, fire hazard, and the lack of feel or tactile feedback
when cutting through the tissues. Typical laser precautions and a metal laser-proof
corneal shield should used. The handpiece is held away from the operative field and a
collimated laser beam is projected over the planned incision. The surgeon does not
actually touch the tissues with the cutting instrument and lacks tactile feedback typi-
cally present with use of the knife or scissors. The surgeon must have a thorough
knowledge of the anatomical landmarks and a period of acclimatization to ensure
a favorable outcome.
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Otoplasty

Raffi Der Sarkissian
Boston University School of Medicine, Boston, Massachusetts, U.S.A.

Cosmetic and reconstructive correction of auricular deformities and construction of
the auricular framework are among the most challenging procedures for the plastic
surgeon. The task begins with a thorough knowledge of the intricate embryology and
anatomy of this complex structure. The proportional, positional, and angular rela-
tionship of the ear to adjacent structures must also be respected. Sound surgical tech-
nique is required as the surgeon seeks to create a natural and aesthetically appealing
replica of this complex form.

EMBRYOLOGY

The auricle develops from six mesenchymal proliferations known as hillocks that
arise from the dorsal ends of the first (mandibular) and second (hyoid) branchial
arches on either side of the first branchial cleft during the sixth week of gestation
(1) (Fig. 1). Initially described by His, the origin of these six hillocks has been
debated (2). The original description accounted for formation of the tragus, root
of the helix, and superior helix from three hillocks arising from the first branchial
arch and the antihelix, antitragus, and lobule from three hillocks arising from the
second branchial arch. Subsequent embryological data, as presented by Wen,
Wood-Jones, and Streeter, suggest that the entire ear, with the exception of the tra-
gus, is of second branchial cleft origin (2,3). The first and sixth hillocks are thought
to maintain a fairly constant position at the site of the tragus and antitragus, respec-
tively, with the fourth and fifth hillocks expanding and rotating across the dorsal end
of the cleft to give rise to the anterior helix, crus helicis, and body of the auricle
(Fig. 2). The mandibular arch is suppressed and gives rise only to the tragus (2).
The fusion of the hillocks is completed by 12 weeks of gestation and the ear begins
to take on the adult form by 20 weeks. The auricles are initially positioned in the
lower neck. With development of the mandible in a caudal dimension, they ascend
to the side of the head (1). This embryologic developmental relationship helps to
explain the association of malpositioned or malformed ears with mandibular hypo-
plasia or deformity. The ear continues to grow after birth, reaching approximately
85% of adult size by age 3, 90–95% by age 6, and nearly full adult size by age 9.
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ANATOMY

The complex concavities and convexities of the elastic cartilage auricular framework
are covered by thin skin that is more closely adherent laterally than medially (4). The
helical border terminates anteriorly above the external auditory meatus. The antihe-
lix diverges superiorly into the superior and anterior crura, creating the fossa trian-
gularis. Between the helix and antihelix is the scaphoid fossa. The concha is
separated into a concha cymba and concha cavum by the crus helicis. The tragus
is at the anterior edge of the concha cavum and the antitragus lies along the posterior
edge. The auricular cartilage framework ends inferiorly at the cauda helicis, with the
fibrofatty lobule being devoid of cartilage. The cartilage framework is continuous
with the cartilaginous external auditory canal (Fig. 3).

Three ligaments secure the auricle to the bony skull. The anterior ligament
attaches the helix and tragus; the superior ligament attaches the spine of the helix
to the superior margin of the bony canal; and the posterior ligament attaches the
medial surface of the concha to the mastoid process (5). Six rudimentary muscles
of the ear are described. The three extrinsic muscles (anterior, superior, and posterior
auricular) are better developed than the intrinsic muscles. These muscles serve little
function in humans, however, in lower animals, they help to orient the auricle
toward sound sources.

The blood supply to the auricle is extremely rich, arising from the posterior
auricular artery and auricular rami of the superficial temporal artery. Despite this
rich blood supply, the absence of protective overlying soft tissue allows this vascular
plexus to be easily compressed by tight dressings or vasoconstrict in response to
severe cold temperatures. The venous drainage from the auricle is via the superficial
temporal vein that further drains into the retromandibular vein and the posterior

Figure 1 Six mesenchymal hillocks derived from the first and second branchial arches arise

on either side of the first branchial cleft.
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auricular veins,whichdrain into the external jugularand,occasionally, into the sigmoid
sinus via emissary veins (5). The lymphatics of the ear drain into the parotid (pre-
auricular) lymph node chain, the superficial cervical nodes along the external jugular
vein (infraauricular), and the mastoid (postauricular=retroauricular) lymph nodes.

The nerve supply to the ear is relatively complex, with varying contributions
from several sensory nerves. The auriculotemporal branch of the mandibular divi-
sion of the trigeminal nerve supplies the anterior portion of the helix and the tragus.
The greater auricular nerve originating from cervical roots C2 and C3 supplies the
majority of the posterior surface of the auricle. The skin overlying the mastoid is
supplied by the lesser occipital, also originating from C2 and C3. Both the greater
auricular and lesser occipital nerves supply the upper medial portion of the auricle.
The concavity of the concha is supplied by fibers of the ninth and tenth cranial

Figure 2 The first and sixth hillocks remain in relatively constant position while the
remaining hillocks rotate around the cleft to their new positions, giving rise to different parts
of the auricular anatomy.
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nerves with a contribution from sensory branches of cranial nerve seven (5). This
complex innervation requires consideration when performing an anesthetic block
of the ear for procedures to be performed under local anesthesia.

The adult auricle, on average, measures 6.5 cm in vertical height and approxi-
mately 3.5 cm in width (Fig. 4). The width is 55–60% of the height. The superior
aspect is at the level of the lateral brow and the inferior aspect at the level of the
nasal ala. The angle created with the mastoid is 20–30 degrees and corresponds to
a distance between the superior helix and squamous portion of the temporal bone
of 15–25mm. The normal cephaloconchal angle is approximately 90 degrees. The
normal scaphoconchal angle measures between 90 and 120 degrees. The long axis

Figure 3 Numerous named concavities and convexities of the ear contribute to its complex
morphology.

Figure 4 On average, the adult auricle measures 6.5 cm in vertical height and 3.5 cm in
width. The posterior margin is angled anteriorly approximately 15 degrees from vertical.
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of the auricle is angled posteriorly approximately 15 degrees from vertical, with the
posterior edge of the auricle roughly parallel to the slope of the dorsum of the
nose.

NOMENCLATURE

There are over 40 terms in the literature, including cup ear, lop ear, snail shell ear,
and bat ear, describing abnormalities of the auricle relating to size, shape, or posi-
tion. To avoid confusion, the term ‘‘prominauris’’ can be applied to any ear that
is prominent or outstanding. The most common causes of abnormal positioning
of the auricle are absence of the antihelical fold, prominence of the conchal cartilage,
or anterior angulation of the lobule. The term ‘‘macrotia’’ can be applied to larger
than average-sized ears related to excess height or width of the cartilage framework
or excess length or size of the lobule. ‘‘Microtia’’ can be used to describe any ear
smaller than average size. Thought to be related to factors interfering with normal
development of the first and second branchial arches, microtia occurs in 1:7000 live
births. High maternal fevers and exposure to ototoxic medications, radiation,
rubella, thalidomide, vitamin B deficiency, and retinoic acid in the first trimester
have all been implicated as possible causes (6).

PROMINENT AURICLE

Surgical treatment of prominent auricles begins with a meticulous evaluation of
the angular or structural anomolies producing the deformity. A cephaloconchal
angle greater than 90 degrees or an auriculomastoid angle greater than 40 degrees
suggests conchal excess. A scaphoconchal angle greater than 120 degrees suggests
absence of an antihelical fold. A distance of greater than 20mm between the heli-
cal rim and the skull can result from either conchal excess or absent antihelical
fold (Fig. 5). Lobular position and angulation should also be assessed in presur-
gical evaluation of the prominent ear. After meticulous evaluation of the abnor-
mal auricle, the surgeon should plan to re-establish more normal angular and
dimensional relationships.

Surgical techniques have run the gamut from skin excision only to cartilage
scoring, cross hatching and shaving, to cartilage excision, conchal setback techni-
ques, and mattress suture techniques. A synthesis of several of these techniques is
often required to achieve excellent results in treatment of the prominent ear. In
the majority of cases, some combination of a mattress suture reconstitution of the
antihelical fold, varying amounts of conchal cartilage disc excision, and a concha-
to-mastoid setback technique is performed.

Operative Markings

Preoperative planning consists of applying downward and posterior pressure on the
superior helical rim to establish where the new antihelical fold will be created. A 25
gauge needle is dipped in methylene blue and used to pierce the anterior skin,
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cartilage, and posterior skin to mark the cartilage along the proposed new fold.
Some surgeons prefer to place the needles approximately 8mm from either side of
the proposed fold to leave approximately 16mm between needle marks and allow
for creation of a natural antihelical fold. Next, a postauricular incision is marked
approximately 1 cm onto the posterior cartilage, parallel to the post auricular sulcus.
This incision should lie posterior to the needle insertion marks. If necessary, the
incision can be converted to an elliptical excision of skin to address postauricular
skin excess. A small volume of 1% lidocaine with 1:100,000 epinephrine is infiltrated
in a submucoperichondrial plane to help hydrodissect the skin and perichondrium
off the cartilage. The postauricular skin and perichondrium are dissected anteriorly
to the free edge of the helical rim, with dissection carried approximately 5mm onto
the anterior surface of the auricular cartilage as well. This allows creation of the new
fold without binding of the skin at the helical margin.

Mustardé Suture Placement

After adequate exposure, three to five Mustardé sutures of 4-0 Mersilene are placed.
The sutures are placed in a horizontal mattress fashion, passing through the cartilage
and anterior perichondrium but not through the anterior skin. This placement is
crucial: including the anterior perichondrium helps to prevent the sutures from pull-
ing through the cartilage and keeping the suture material beneath the anterior skin

Figure 5 A. Normal cephaloconchal angle of 90 degrees. Normal scaphoconchal angle of
approximately 90 degrees. Normal auriculomastoid angle of 20–30 degrees that corresponds to
a distance of 15–25mm between the helix and skull mastoid. B. Obtuse cephaloconchal and
scaphoconchal angles greater than 120 degrees each. Abnormal auriculomastoid angle greater

than 40 degrees with a distance greater than 25mm between helix and skull.
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helps to prevent exposure of suture material and potential ulceration and extrusion.
All sutures are placed and held, then sequentially tied as the sharpness of the new
antihelical fold is assessed. Placement of sutures too close to the helical rim should
be avoided to minimize unnatural folding of the rim posteriorly (Fig. 6).

Upon accurate placement of the Mustardé sutures, the ear should be returned
to anatomical position and evaluated for the degree of conchal setback required to
create a natural auriculomastoid angle and appropriate helical-rim-to-mastoid dis-
tance. In some situations, very little needs to be done to achieve a natural contour
of the ear, and the mattress suture technique is adequate. In patients requiring
moderate conchal setback, the technique, as described by Furnas, is used to place
anchoring sutures of 4-0 Mersilene from the conchal cartilage back to the mastoid
periosteum (9). Care must be exercised in placing the mastoid sutures sufficiently
posterior to prevent anterior displacement of the conchal cartilage that can result
in cartilaginous canal stenosis (Fig. 7).

In cases of significant conchal cartilage memory that interferes with adequate
retrodisplacement of the auricle, partial-thickness discs of cartilage can be removed
to weaken the cartilage memory. In ears with a very significant excess of conchal car-
tilage, resection of strips of cartilage, parallel to the postauricular sulcus, may be
required prior to placement of conchal=mastoid sutures. If a strip excision technique
is used, care must be taken to avoid creating a sharp edge of cartilage anteriorly.

After creation of the antihelical fold and conchal setback, the angular rela-
tionships of the ear are again evaluated. Necessary changes are made prior to turn-
ing attention to the contralateral ear. After all cartilaginous modifications are
completed on both sides, the amount of excess postauricular skin is evaluated
and an appropriate amount of skin is excised in fusiform fashion. This excision
should be done conservatively to avoid obliterating the postauricular sulcus or
creating unnecessary tension on the skin closure. Skin is closed in a single layer
using 5-0 nylon (Fig. 8).

Special Problems

An often overlooked element of otoplasty is treatment of the abnormally propor-
tioned, or angled, lobule. Lobular excess or anterior displacement of the lobule
should be addressed by judicious excision of skin from the posterior aspect of the
lobule. Debulking of the fibrofatty tissue of the lobule is performed, as required,
to address excess size or thickness. Modification of the lobular size or position often
helps to create a more harmonious balance between the upper and lower auricular
anatomy.

In some patients, an excessively large auricle can be present, compounding the
angular abnormalities leading to prominauris. Treatment of the noncartilaginous
lobule has been described. When the cartilaginous framework is abnormally large,
wedge or stellate resections of skin and cartilage may be required to decrease the ver-
tical or anteroposterior proportion of the ear to within normal limits (Fig. 9). The
technique used is similar to wedge resections for cutaneous neoplasms of the auricle.
Prior to skin closure, it is important to reapproximate the cartilage carefully using a
clear nonabsorbable suture (e.g., 5-0 clear Prolene) to prevent widening of the scar or
notching at the helical rim. This size reduction can be performed simultaneously with
antihelical fold creation and conchal setback techniques.
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Figure 6 A. Creation of the proposed antihelical fold with forward pulsion of the
auricular helix. B. Placement of needles dipped in methylene blue approximately 8mm
anterior and posterior to proposed new antihelical fold. C. Creation of incision on posterior
auricular surface approximately 1 cm posterior to sulcus. D. Elevation of skin over posterior

aspect of ear extends to helical rim and approximately 5mm on anterior aspect or ear.
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Figure 6 (Continued). E. Placement of Mustardé mattress sutures in horizontal fashion

leaving approximately 2mm between sutures. F. Placement and tagging of sutures to facilitate
exposure for each sequential suture. G. Sutures tied down to create new antihelical fold.
H. Antihelical fold created along proposed site.
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Postoperative Care

Postoperative dressing is extremely important in otoplasty procedures. Strips of iodi-
nated petrolatum gauze are carefully insinuated into all recesses of the ear anteriorly
followed by placement of petrolatum-impregnated cotton over the strips and in the
postauricular sulcus. A mastoid-type dressing is applied with extreme caution to pre-
vent folding of any part of the helix or lobule while just enough pressure is applied to
prevent hematoma formation without ischemia. The dressing is taken down on the
first postoperative day and a less compressive dressing is applied until postoperative
day 5, when the dressing and sutures are removed.

Complications

Complications in otoplasty are numerous and can range from very simple to very
severe. The most common complication is the presence of asymmetry after correc-
tion of the prominent ears. In the majority of cases, the asymmetry is minimal. Most
patients, noting a dramatic improvement in the appearance of their previously pro-
minent auricles, are not disturbed by the difference from side to side. If the asymme-
try is significant, correction of the undercorrected or overcorrected side is an option.

Undercorrection is seen especially after otoplasty in adults who have less pliable
cartilage and in those with very thick cartilage or significant conchal excess. Relaxa-
tion or pulling through of Mustardé sutures can result in loss of the antihelical fold

Figure 7 A. Conchomastoid suture secured too far anteriorly to mastoid periosteum will
advance anterior conchal margin forward, compromising meatal opening. B. Properly placed

conchomastoid suture will maintain meatal patency.
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Figure 8 A. Removal of disks to weaken cartilage and allow for conchal setback with less
tendency toward loss of correction. B. Appropriate amount of excess skin removed in fusiform
fashion. C. Anteriorly displaced lobule addressed by horizontal skin excision posteriorly.

D. Completed creation of antihelical fold, conchal setback, and lobule repositioning.
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sharpness. Weakening or release of conchal setback sutures can result in prominence
of the affected side.

Overcorrection can result from mattress sutures being placed too tightly, or
overaggressive conchal setback from excess cartilage or skin excision, or inappropri-
ate placement of conchal setback sutures (Fig. 10). Overcorrection often requires
release of the offending sutures and may require tissue replacement in the form of
postauricular flap advancement or skin grafting techniques.

Other complications include suture granulomas, bowstringing of sutures from
mattress placement, or extrusion of sutures through cartilage. Keloids can be seen in
darkly pigmented persons, and preoperative inquiry regarding abnormal wound
healing is important. Auricular hematoma can occur if meticulous hemostasis is
not achieved at the time of surgery or if an inadequate postoperative compressive
dressing is used. Conversely, ischemia of the ear can occur from an inappropriately
tight occlusive dressing. Chondritis can be seen in the wake of a hematoma or as a
delayed complication of otoplasty.

Figure 9 A. A simple wedge excision with linear closure in layers can correct a minor

macrotia. B. More significant macrotia may require a stellate excision to avoid cupping of the
ear upon closure.
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Successful otoplasty relies on careful preoperative evaluation and planning and
appropriate treatment of each of the abnormal angles or dimensions of the promi-
nent ear. Long-term follow-up is required, as there may be loss of the correction over
time (Fig. 11).

MICROTIA

Microtia can be a devastating anomaly for both parent and child. The deformity can
range from a well-formed ear that is simply too small to a grouping of cartilaginous
remnants and skin tags that are unrecognizable as an auricle. Even in the most severe
cases, a remnant of fibrofatty tissue will be present at the inferior pole of the ear rem-
nant. The condition is most often unilateral but can be bilateral in as many as 27%
of patients (6). Abnormal development of the auricle is associated with other first
and second arch developmental abnormalities such as hemifacial microsomia,
mandibular hypoplasia, and underdevelopment of the ear canal and middle ear
structures in greater than 50% of cases (6).

Figure 9 Continued
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Classification

Several classifications of microtia have been popularized. They range from the very
simple wide categories as proposed by Rogers, to the more complex classifications
that describe the different types of deformity within each subset as proposed by Tan-
zer (4) and Weerda (7). Among the most useful is the Marx classification that
describes three grades of deformity (8). In grade I, the auricle is small, but the
different structures of the ear are clearly recognizable. In grade II, the ear is
smaller than normal and the auricular remnant retains some structural resem-
blance to the helix, although less well defined. In grade III, the auricular
configuration is absent (Fig. 12). This latter classification seems to be most appli-
cable to microtic deformities by categorizing an abnormal auricle with a grading sys-
tem and adding verbal descriptions of the specific subunit anomolies to help guide
the proposed reconstruction.

Timing of Surgical Repair

The timing of surgical correction of microtia is determined by several factors. By age
4–5, children begin to develop body image and by age 5 or 6, with increasing social
interaction in school, the abnormal ear draws greater attention and the child is sub-
ject to ridicule. It is well described that the majority of auricular growth occurs by
age 5; however, the auricle does not reach full adult size until age 8 or 9 (6). It is also
important to consider the development of the ribs to allow for harvest of adequate
donor cartilage to construct the new auricular framework. Age 6 tends to be the
earliest at which costal cartilage and ear size are adequate. Construction at this
age also spares the child undue ridicule by his or her peers. If desired, it is easier
to delay auricular construction in girls because they can cover the deformity with

Figure 10 A. Anterior view of overcorrection from excess conchal setback. B. Posterior
view.
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longer hair. Some parents will encourage their sons with microtia to wear long hair
to hide the abnormality and allow for construction at a later age.

Once the decision is made to begin auricular construction, careful planning
of the numerous steps is necessary. An otologist with expertise in aural atresia
repair is consulted to determine the feasibility and timing of otological intervention.
A computed tomographic (CT) scan is obtained in axial and coronal planes to deter-
mine the location and degree of aeration of the middle ear, the condition of the

Figure 11 A. Correction of patient in Figure 8 at completion of case. B. Maintenance of
correction 18 months postoperatively. C. Preoperative view of child with prominauris at age 6.

D. Maintenance of correction 20 months postoperatively.
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Figure 12 A. Grade I microtia: a smaller than average auricle with clearly recognizable
features. B. Grade II microtia: smaller than average with less well-defined features. C. Grade
III microtia: absence of auricular configuration.
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ossicles (if present), and the position of the facial nerve and tegmen. Should the child
or adult be deemed a candidate for reconstruction of the canal and middle ear, the
position of the meatus must be carefully agreed upon.

Auricular construction generally follows the sequence of framework fabrica-
tion, lobule transposition, creation of the canal and middle ear reconstruction (if
indicated), conchal excavation and tragus creation, and elevation of the framework
with creation of the postauricular sulcus.

Framework Fabrication

Framework fabrication has been attempted with allograft rib and preformed Silastic.
With the former, resorption and loss of architecture were common and with the lat-
ter, immediate or delayed infection or extrusion commonly occurred. Recent use of
porous polyethelyne has been reported. However, the long-term results are not
known and the risk of infection or soft tissue breakdown will likely be similar to
other synthetic materials. Autologous costal cartilage remains the best-tolerated
material yielding the most reproducible and lasting results. The first use of costal

Figure 13 Size and position of normal ear are traced on film along with necessary
landmarks (oral commissure, lateral canthus, lateral brow).
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cartilage was described by Gillies and has been popularized and used extensively
by Tanzer (10–12), Brent (13–16), and Ruder (6).

A thorough preoperative examination should include assessing the skin overly-
ing the proposed construction site; identifying the location and nature of auricular
vestiges that are present and the contralateral normal ear, if present; and evaluating
the chest anatomy and rib size. Meticulous measurements of height and width of the
normal ear and its position and angle relative to the eyebrow, nose, and mouth are
taken. These relations are easily traced onto unexposed x-ray film with an indelible
marker (Fig. 13). In the case of bilateral microtia, the standard dimensions, angles,
and relations are used to construct the first ear, after which the second ear is size-
and position-matched to the first. A second tracing of the contours of the normal
auricle is used to guide the carving of the microtic ear framework. This tracing
should be slightly smaller than the normal ear cartilage framework to account for
the overlying soft tissue envelope (Fig. 14). The tracings are scored onto the x-ray
film with an 18 gauge needle or #11 blade and placed in povidone–iodine solution
for use intraoperatively.

Cartilage is harvested from the contralateral chest with the synchondrotic ribs
6 and 7 most commonly used for the main framework. Adequate exposure of the ribs
can be achieved through a 5–8 cm incision created parallel and approximately
2 cm cephalad to the free border of rib 9. After exposure of the appropriate segments
of costal cartilage, the x-ray film template is positioned with the ribs in situ to

Figure 14 A. Template of the normal ear traced on unexposed x-ray film. B. Traced image
reversed to be used for carving cartilage framework.
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determine how much rib will need to be taken for the main framework. Rib 8 or 9 is
used for harvest of an additional section of cartilage that will be fashioned into the
helical rim and sutured to the main framework (Fig. 15). Given the thickness of the
soft tissue envelop that will cover the framework, compared to the thin skin that cov-
ers the normal auricle, the newly sculpted framework requires exaggerated contours
to better resemble the normal ear architecture. As much perichondrium as possible
is left on the carved rib cartilage. This helps to anchor the new framework to sur-
rounding soft tissues, encourage neovascularization, and decrease resorption. The
x-ray film template is used to guide the carving using a combination of #15, #10,
and #20 blades and various U and V gouges (Fig. 16). The gouges can be found
at art supply stores and are generally used for carving wood or linoleum.

After the main framework has been carved, the free segment of rib is thinned
adequately so that it can be bent to create the helix. Sufficient thickness of this roll
should be maintained as this attached segment will give the new auricle much of its
anterior projection. The free piece is sutured to the edge of the main framework
using 5-0 clear Prolene (Fig. 17). At this point, the framework is set aside and the
soft tissue pocket is planned and created.

Framework Placement

An incision is made anterior to the microtic ear. Any remnants of cartilage are care-
fully removed with extra consideration given to not violating the skin flap. The reci-
pient pocket is then created with meticulous undermining in a subdermal plane,
keeping the flap as thin as possible while still maintaining the subdermal plexus.
The pocket should be developed approximately 2 cm larger circumferentially than

Figure 15 Costal cartilage is harvested for the main framework from the synchondrosis of
ribs 6–7. Template is positioned in situ to determine ideal segment of rib(s) to harvest.
Cartilage to be fashioned into the helical rim is harvested from the eighth rib.
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the actual framework size to allow for easy placement of the cartilage and to mini-
mize excess compression of the framework.

Placement of the framework is attempted with modification of the pocket as
required. The inferior end of the cartilage is inserted and the framework is rotated
into the pocket. When the pocket is deemed adequate, the framework is removed,

}

Figure 16 A. A selection of blades and U- and V-shaped gouges is necessary to carve the
cartilage framework accurately. B. Gouges are particularly helpful in excavating the scapha

and triangular fossa.

Figure 17 A. The helix is created by suturing the free carved segment from rib 8 to the main
framework. Adequate height of the newly created helical rim is imperative. B. The completed

framework ready for implantation.
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inspected for integrity, and two narrow round suction drains are placed anterior and
posterior to the proposed framework position.

The cartilage is reintroduced and the incision is coapted while suction is
applied (Fig. 18). If adequate suction is generated, the contours of the cartilage will
be clearly visible. The pocket is flushed with saline to ensure patency of the drains.
The absence of adequate suction or the presence of seroma or hematoma can result
in acute chondritis and loss of framework integrity. The skin incision is closed with
5-0 nylon, and the sulci are packed with petrolatum-impregnated gauze strips fol-
lowed by petrolatum-impregnated cotton. A mildly compressive mastoid-type dres-
sing is placed and the drains are kept on 60mmHg continuous suction for 48 h.
The mastoid dressing is removed on the first postoperative day to allow one to
check for hematoma formation or drain failure. The dressing is reapplied until
postoperative day 2 when the drains are removed. Upon discharge, a removable
protective dressing is placed over the operated ear. Sutures are removed in 5 days.
The patient is instructed to keep the dressing on at all times for 7 days and there-
after only while asleep for an additional 3 weeks.

Lobule Repair

The next stage, lobule transposition, is performed approximately 3 months after fra-
mework construction. Generally, even in the more severe grade III microtia cases, a
fibrofatty lobular remnant persists. The remnant generally lies anterosuperior to its
proper anatomical location and, therefore, needs to be transposed inferiorly and
superiorly to be attached to the inferior aspect of the newly constructed framework.
Where an inadequate lobular remnant is present, the cartilage framework should be
carved in such a way to provide extra length inferiorly to help create the new lobule.
The inferior aspect of the framework is de-epithelialized, and a Z-plasty technique is
used to transpose the remnant into correct anatomical position. The remnant is split
into anterior and posterior leaflets to facilitate creating a hanging lobule and to
allow for insetting and suturing the lobular flap anteriorly and posteriorly (Fig. 19).

Atresia Repair

At this stage, after consultation with the neuro-otologist, a decision is made regard-
ing atresia repair. Some otologists prefer to perform atresia repair at this stage, prior
to framework elevation, particularly if a postauricular approach will be used. Others
would consider performing atresia repair at the same time as framework elevation.
Yet others prefer to delay otological intervention until after all stages of the microtia
repair are completed. These different approaches to possible atresia repair under-
score the need for close cooperation between otologist and facial plastic surgeon
during the microtia=atresia reconstruction.

Framework Elevation

The next stage in auricle construction is framework elevation with postauricular skin
grafting. This procedure creates a postauricular sulcus, but will not significantly pro-
ject the framework anteriorly. For this reason, projection is best achieved by
implanting a deeply carved framework at the initial stage of construction. An
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Figure 18 A. Proposed area of skin elevation to create a tension-free pocket to accept

the graft. B. Placement of the framework after insertion of anterior and posterior drains.
C. Suction applied to drains coapting skin to framework and defining auricular contour.
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Figure 19 A. Lobular remnant anterior and superior to normal anatomical position. B.
Proposed incision to transpose lobule posteriorly and inferiorly. C. Proposed movement of
posteriorly pedicled lobule. D. Transposed remnant sutured in place.
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incision over the helical rim is created carefully without exposing the cartilage frame-
work. The framework is dissected away from the scalp, maintaining as much attached
soft tissue as possible. The scalp is undermined and advanced into the postauricular
sulcus and secured down to periosteum using 3-0 or 4-0 PDS. The posterior surface of
the framework is covered with a thick, split-thickness skin graft harvested from the
buttock or lateral thigh or a thin, full-thickness graft harvested from the abdomen
or scapular region (16). Although full-thickness grafts carry a certain risk of incom-
plete take, the decreased contraction of these grafts helps to maintain an open sulcus
and are preferred over split-thickness grafts. We have also noted less donor site mor-
bidity in harvesting full-thickness grafts as described. After application of the graft, it
is perforated to allow for drainage. The sutures used to secure the edges of the skin
graft are tied over a rolled Xeroform bolster that is left in place for 7 days (Fig. 20).
To create enough bolster compression, 3-0 silk is used to provide adequate suture
strength and friction during knot tying. If adequate scalp advancement is not possi-
ble, the postauricular scalp can be skin grafted as well. Should there be a poor color
or texture match, the grafted skin can be serially excised at a later stage.

Conchal Excavation and Tragus Formation

The next stage involves conchal excavation and tragus formation. An anteriorly
based skin flap is elevated from the conchal bowl of the newly created auricle.
The flap is folded upon itself anteriorly and a cartilage graft, harvested posteriorly

Figure 20 A. Elevation of framework maintaining perichondrium on cartilage. B. Bolster
technique used after placement of skin graft along posterior aspect of framework.
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from the contralateral ear, is implanted in this fold of skin to create the tragus. The
conchal bowl is excavated by removing soft tissue to approximate the depth and sha-
dow of the normal side. The area is skin-grafted with a full-thickness graft harvested
from the contralateral ear (Fig. 21). This harvest technique also allows the surgeon
to position the normal ear posteriorly to approximate better the projection of the
newly formed ear.

Microtia Repair

Bilateral microtia poses a functional concern regarding the adequacy of hearing
and reconstructive concerns because there is no template to fashion the microtic ear
to match the normal contralateral side. After CT scanning and auditory brain-
stem testing of the child with bilateral microtia, bone-conducting hearing aids
are applied within the first 3–4 weeks of life (18). Similar planning is involved in
the microtia repair as in unilateral cases with the exception of dimensions, con-
tour, and positioning of the auricle being based on cephalometric norms. In addi-
tion, even closer cooperation is required with the otologist because early attempts
at restoration of hearing are more of a concern in bilateral microtia=atresia
cases. Microtia repair is staged starting with the ear more likely to benefit from
atresia repair. Some surgeons choose to perform framework creation bilaterally at

Figure 21 A. Incision to be created along posterior aspect of conchal bowl. B. Different
patient after conchal flap has been advanced anteriorly, folded upon itself, and sutured over a
cartilage graft to create the tragus. The conchal flap donor site is grafted with full-thickness
skin harvested from the posterior aspect of the contralateral ear.
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the first stage; however, the risk of trauma to an operated side is greater using
this protocol.

Complications

Myriad complications can occur during each of the stages of auricular construction.
Immediate complications during stage I include the risk of pneumothorax, infection
at the harvest site, skin ischemia or loss over the implanted cartilage framework,
hematoma formation, and infection=chondritis of the framework. With meticulous
costal cartilage harvesting, skin flap elevation, and the use of perioperative antibio-
tics and a two-suction drain system, the incidence of these complications is rare.
Delayed loss of cartilage contour has been seen; however, avoidance of heat-gener-
ating burrs to contour the cartilage and ensuring adequate flap elevation to avoid
significant soft tissue compression of the framework can help to minimize these risks.
Malposition and poor projection of the new auricle are far more common complica-
tions. Meticulous measurement, pocket creation, and placement of the framework
will prevent malposition, and exaggerated depth in the initial framework carving
is imperative to ensure adequate projection. Cartilage exposure can occur during
any of the stages of reconstruction. Meticulous wound care and prompt local flap
coverage for nonhealing areas will help to salvage the remaining framework.

Secondary reconstruction of a failed microtia repair is generally limited by the
integrity of the skin overlying the previous reconstruction. In some cases, the skin is
sufficiently viable to reimplant a newly fashioned framework after removal of an
infected or poorly positioned synthetic framework or a resorbed or poorly fashioned
cartilage framework. In the presence of infection, the framework should be removed
to allow for complete resolution of infection prior to any attempt at placement of a
new framework. Most often, after failed initial repair, the vascularity of the skin in
the area is poor, and dense scarring does not allow for use of this skin for further
reconstruction. In these situations, the scarred tissue is excised and a new cartilage
framework is placed and covered by a vascularized temporoparietal fascia flap
and split-thickness skin graft (9,19,20).

SUMMARY

Correction of auricular deformities, ranging from minor angular abnormalities or
malposition to near total absence of one or both ears, is a challenging undertaking
for the facial plastic surgeon. A thorough understanding of the anatomy of the auri-
cle and cephalometric relationships to other facial structures, and use of sound plas-
tic surgical techniques and judgement are imperative for success in this challenging
endeavor.
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GENIOPLASTY

Introduction

Pleasing aesthetic characteristics vary widely among cultures. They have changed
somewhat through history; however, general characteristics associated with the
esthetic face as described by Leonardo Da Vinci in the 15th century have changed
very little overall. Stereotyping of personality characteristics is often formed based
upon the initial evaluation of facial features. Society tends to utilize terms such as
‘‘strong’’ chin or ‘‘weak’’ chin, implying characteristics associated with a personality
trait. As one of the more prominent facial features, the chin has been used to char-
acterize masculinity when prominent, and a weak or submissive personality when
recessive.

With more focus by society on facial esthetics, genioplasty has been utilized
more often to achieve balance of the lower third of the face, often as an adjunctive
procedure with orthognathic surgery, rhinoplasty, and rhytidectomy. Computer-
aided imaging has assisted the clinician in patient education regarding surgical pos-
sibilities. Improvements in surgical technique, instrumentation, and fixation have
allowed genioplasty procedures to evolve into outpatient or in-office procedures,
utilizing general anesthesia or intravenous (IV) sedation and local anesthesia.

History

The horizontal sliding osteotomy was first described by Hofer for augmentation of
the mandibular symphysis in 1942 (1). Access was via an extraoral incision through
which a horizontal osteotomy of the anterior one-half of the inferior border was
completed. Hofer used transosseous sutures for stabilization of the mobilized frag-
ment, following its advancement. Converse, in 1950, discussed the feasibility of bone
grafts introduced through intraoral approaches (2). Trauner and Obwegeser, in
1957, utilized the horizontal osteotomy through an intraoral incision with degloving
of the anterior mandible (3). Converse and Woods described various applications
for, as well as the versatility of, the horizontal osteotomy (4). Utilizing osteotomies
for augmentation of the chin appears to be the primary emphasis of most early sur-
gical approaches. It was not until 1965 that Reichenbach and colleagues proposed

927



wedge osteotomy and vertical shortening of the chin (5). The authors found versati-
lity in this procedure, as the segment could also be advanced or moved posteriorly, in
addition to effecting vertical change. Hinds and Kent, in 1969, discussed the impor-
tance of maintaining the soft tissue attachments along the inferior segment and the
role of these attachments in achieving maximal soft tissue change (6).

Preoperative Evaluation

Chin deformities can manifest in all three planes of space: transverse, vertical, and
anteroposterior, with the vast majority being in the anteroposterior plane. Clinical
and radiographic analysis should involve careful scrutiny of the osseous, dental,
and soft tissue structures. Vertical facial balance can be evaluated by comparing
the relative size and proportions of the various structures. Facial balance occurs
when the upper, middle, and lower thirds are of approximate equal size and the
structures within each segment are proportional. The eyes and nose should be pro-
portional with other structures in the midfacial region. The lips and chin should be in
harmonious proportions to the nose and eyes (7) (Fig. 1).

Evaluation of the chin must consider all structures that may be affected by
surgery: the depth and shape of the labiomental fold, lower lip position, and the soft

Figure 1 Vertical balance of the face uses proportions rather than absolute dimensions in
judging harmony. The face is generally divided into thirds, with upper, middle, and lower
thirds being proportionally similar and structures within those divisions also having
harmonious proportions.
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tissues of the mandibular symphysis. Lower lip position can be affected by the posi-
tion of the maxilla and tooth-bearing segments, the size of the anterior mandible and
position of the lower incisors in the sagittal plane, and the vertical height of the sym-
physis. Mentalis muscle hyperactivity must be closely evaluated and properly diag-
nosed. When the chin is viewed in the anteroposterior plane, the osseous contour
and overlying soft tissue thickness will influence the soft tissue contour. The labio-
mental fold is influenced by the relative position of the maxilla and related skeletal
malocclusions. The fold may be increased in the presence of a deep bite or skeletal
class II malocclusions, or flattened in most class III malocclusions (8,9). All of these
components must be evaluated in the frontal plane for optimal treatment planning
and decision making as they relate to the surgical treatment plan.

Treatment planning for genioplasty requires a detailed three-dimensional ana-
lysis that will integrate the aforementioned components of soft tissue, dental, and
skeletal aspects into a final treatment plan individualized to treat the deformity.
The clinician must realize that genial deformities are rarely a result of an isolated
component and the surgical treatment may require correction in more than one
plane.

Cephalometric Evaluation

A variety of methods have been proposed for the evaluation of a patient’s profile
cephalometrically. Popular analysis include a combination of Down’s, Steiner’s,
and Tweed’s analyses to assess the relative relationships of the maxilla and mandible,
in addition to the relationships of the maxillary and mandibular teeth (Fig. 2). This
ensures that any skeletal and occlusal disparities will be identified and can be cor-
rected prior to, or with, the genioplasty procedure. The bony chin position can be
evaluated in the anteroposterior plane by utilizing SN–pogonion (range, 72–88

Figure 2 A combination of Down’s, Steiner’s, and Tweed’s analyses is used to assess the

relationships of skeletal and dental structures so that an accurate diagnosis of skeletal and
dental anomalies can be made. The information obtained from this analysis is considered
when performing sagittal or vertical changes in chin position.
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degrees, mean 80), SN–B point (72–87 degrees, mean 79 degrees). Other cephalo-
metric evaluations also exist, including the Y growth axis (range, 53–66 degrees,
mean 59 degrees) (see Chapter 1) (10).

Soft Tissue Evaluation

Soft tissue profile evaluation can be made utilizing several methods (Fig. 3). Merri-
field’s Z-angle is formed by a line from the soft tissue chin (pogonion) tangent to the

Figure 3 Popular soft tissue evaluations (see text). A. Merrifield’s Z-angle. B. Gonzales-
Ulloa and Steven’s zero meridian for aesthetic soft tissue chin position. C. Rickett’s law of lip
relationships. D. Holdaway’s H-line and H-angle. E. Zimmer’s aesthetic plane. F. Riedel’s
plane, in which the lips and chin fall in a straight line. G. Steiner’s aesthetic plane.
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most procumbent lip, which forms an angle with the Frankfurt horizontal. The
upper lip should fall on the profile line, with the lower lip tangent to or slightly
behind the profile line (11). The Z-angle should be 80� 5 degrees. A simple method
was described by Gonzales-Ulloa and Stevens in which a line perpendicular to
Frankfurt horizontal passing through soft tissue nasion is constructed. The soft tis-
sue chin should be tangent to this line (12). The esthetic plane was described by Rick-
etts (10) as a line from the tip of the nose to the chin. He found that in esthetically
pleasing profiles the upper lip was 4mm and the lower lip was 2mm behind the
esthetic plane, respectively. Holdeway suggested a line tangent to the chin and upper
lip that forms an angle with a line between the nasion and basion of 7–9 degrees (13).
Zimmer proposed a line from the anterior nasal spine to Down’s ‘‘B’’ point and
demonstrated that the nose and lips, as well as chin, were almost identical in thick-
ness to this plane and that the nose had an approximate ratio of 5:1 to any of the
other soft tissue structures (14). Reidel found that in individuals with pleasing
esthetics, the lips and chin generally fell on a straight line (15). Steiner also used soft
tissue landmarks to define pleasing profiles. He constructed a plane from the middle
of the columella, midway between the curves of the upper lip and nasal tip. The lips
should fall on this line (13). All cephalometric assessments should be critically com-
bined with clinical judgment and the individual needs of the patient. The esthetic
desires of the patient should be a priority.

Horizontal Osteotomy with Advancement

Osseous genioplasties can be performed under intubated general anesthesia or with
intravenous sedation and local anesthetic. When selecting the anesthetic technique,
one must consider that in the sedated patient anterior movement of the osteotomized
segment can be difficult. Other factors for consideration include the possibility of
hemorrhage and airway control. The surgical approach to the anterior mandible
consists of an intraoral bidirectional incision. The mucosal incision should be
initiated approximately halfway between the depth of the vestibule and the wet–
dry line. It should be marked at its midpoint and extend to approximately the canine
region bilaterally. The mucosal incision is undermined and the mentalis muscle is
divided, beveling towards bone. Sharp incision and reflection of periosteum from
the anterior mandible can then be accomplished. Periosteum on the inferior border
should not be reflected, maintaining a minimum of 5–10mm attached periosteum on
the anterior mandible at the midpoint. Maintaining the periosteal attachments will
ensure soft tissue advancement following repositioning of the osteotomized inferior
segment. The mental nerves are identified and the foramina are noted for symmetry.
Midline and paramedian orientation lines should be inscribed with a small burr to
facilitate orientation and to ensure symmetrical movements with anterior, posterior,
or vertical changes.

The proposed line of the osteotomy is inscribed at a level approximately 5mm
below the canine tooth root and 10–15mm above the inferior border. The osteotomy
should extend 3–4mm below the lowest mental foramen. The angle of the osteotomy
as it proceeds proximally can influence both vertical and horizontal changes. The
more parallel with the occlusal and mandibular plane, the purer the anteroposterior
movement. Care should be taken to mark and reproduce the vertical height if vertical
changes are undesirable. To effect vertical shortening, the angle of the osteotomy is
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Figure 4 Horizontal osteotomy permits three-dimensional changes in the chin. A. Most
often, changes are vertical and horizontal. B. Following full-thickness mucoperiosteal incision

and limited dissection, proposed lines of osteotomy are inscribed in the midline and bilaterally,
beneath the mental foramina, to ensure accurate symmetrical repositioning. C. A reciprocating
saw blade is used to complete a full-thickness osteotomy, ensuring bicortical cuts at the

inferior border. D. The inferior segment can then be advanced, shortened, or lengthened and
secured with rigid or nonrigid fixation. E-I. Preoperative and postoperative results following
genioplasty combined with maxillary and mandibular osteotomies.
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made less acute with the mandibular plane. The osteotomy can be completed with
a reciprocating or ossillating saw. Saw orientation must remain constant to ensure
a symmetrical cut through the buccal and lingual cortices. The buccal and lingual
cortical cuts must be complete where they join proximally. Failure to complete the
lingual cortical cut in this area could result in mandibular fracture necessitating
repair, compromise of the inferior alveolar nerve, or unfavorable esthetic results.
After completion of the ostetomy, the inferior segment can be repositioned and sta-
bilized utilizing a variety of techniques including unicortical or bicortical wires,
adaptation plates, prebent chin plates, or lag screws. Bone deposition and osseous
remodeling of the mobilized segments have been demonstrated to be consistent,
with bone deposition occurring on the superior edge of the inferior segment and
the labial surface of the superior segment (16). Therefore, fixation devices should
be placed in areas of bone deposition, if possible. When utilizing transosseous
wires for fixation, the degree of advancement must be limited to the overall
symphyseal thickness. This must be determined prior to deciding to utilize this
stabilization method (Fig. 4).

Figure 4 Continued
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Figure 5 Horizontal osteotomy with setback (A) requires special attention laterally at the
inferior border (B, C) to ensure a smooth transition between the mobilized segment and

mandible.
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Horizontal Osteotomy with Anteroposterior Reduction

The surgical approach and osteotomy are completed as described with advancement.
It is necessary to reduce the proximal tips from the mobilized segment to avoid palp-
able steps and to ensure a smooth transition along the inferior border. The surgeon
must also be cognizant of potential changes in the anterior vertical height of the
mandible and thus take this into consideration when planning the orientation of
the osteotomy (Fig. 5).

Tenon Technique

The tenon technique was originally described by Michelet and associates in 1974 (17)
and offers several advantages. Symmetry is ensured by the tenon and visual inspec-
tion of the proximal extensions. Often only a single lag screw is required for stabili-
zation. Limitations to the amount of advancement also exist relating to the overall
thickness of the anterior mandible. Prior to using this technique, the surgeon must
ascertain this dimension. The surgical approach is via the previously described
degloving technique. A U-shaped monocortical osteotomy is created centrally on
the symphysis. Lateral extensions are developed below the mental nerves and con-
nected to the superior aspects of the tenon corticotomy. Full-thickness osteotomies
are completed on the lateral extensions and only through the lingual cortex on the
superior aspect of the tenon. The resultant full thickness of bone behind the tenon
facilitates the mortising of the tenon and lag screw fixation (Fig. 6). When posterior
movement is desired, the ‘‘U’’ is inverted and the osteotomies completed as
described, with mortising of the tenon on the inferior segment into the superior seg-
ment of the mandible.

Double Sliding Horizontal Osteotomy

Occasionally, the chin is so deficient that a double sliding horizontal osteotomy
must be utilized (18). The surgical technique involves the creation of a stepped

Figure 6 The tenon technique allows for mortising of the tenon into the mobilized fragment
when the chin is advanced. In the setback procedure, the tenon is reversed and the mobilized

fragment is mortised into the mandible. Lag-screw fixation is usually the only fixation
required.
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intermediate wafer of bone between the inferior fragment and mandible, which is
also advanced to provide bony contact between the upper and lower segments
(Fig. 7A,B).

Vertical Augmentation

Vertical augmentation is indicated when the treatment plan calls for an increase in
lower facial height, especially when the deficit is in the mandibular alveolus and sym-
physis. Vertical augmentation is accomplished by interpositional grafting or alloplas-
tic implant placement into the inferiorly repositioned chin segments following
horizontal osteotomy of the mandible. Autogenous bone and hydroxyapatite are
the most commonly used interpositional materials. It is also possible to make ante-
roposterior changes if desired (Fig. 7C,D; Fig. 8).

Figure 7 In cases of severe deficiency (A) double sliding genioplasty can be used. B, Often it

is necessary to provide bone grafts over the step defects to ensure a predictable contour.
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Vertical Reduction Genioplasty

A variety of genioplasty techniques exist to accomplish vertical changes in chin
height, which can be effected during advancement or setback by altering the angle
of the osteotomy as previously described. The magnitude of the angle is proportional
to the amount and direction of horizontal movement. In most instances, only 3–
5mm of vertical reduction can be obtained. If the surgical goal is for a greater
decrease in vertical chin height with or without anteroposterior change, a wedge
reduction is indicated. This can be accomplished using the tenon technique as well
as a horizontal osteotomy. The surgical protocol is as previously described; however,
an appropriately sized wedge ostectomy is performed. From a technical standpoint it
is easier to remove the wedge from the middle segment. Diligent intraoperative plan-
ning is essential to avoid tooth roots and to maintain an adequate inferior segment
(Fig. 9).

Figure 8 Interpositional grafts of hydroxyapatite or autogenous bone not only facilitate
anteroposterior movements but also allow vertical lengthening. Preoperative (A, B),

intraoperative (C), and postoperative (D, E) photographs demonstrate the effects of vertical
lengthening and advancement of the chin.
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Alloplastic Augmentation Technique

Alloplastic chin implants afford the clinician the ability to augment not only the
anteroposterior dimension but also vertical and, more importantly, lateral augmen-
tation. Alloplastic implants with extensions are designed to eliminate some of the
disadvantages of osseous genioplasty including the possibility of asymmetrical
advancement, inadvertent vertical changes, and surreptitious narrowing of the ante-
rior mandible with large advancements. However, alloplasts have been associated
with underlying bony resorption, postoperative infection, and noninfectious inflam-
matory responses (19). The use of an alloplast, as with osseous genioplasty, should
be based upon the individual patient’s needs.

A variety of surgical techniques can be used for insertion of an alloplast.
Extraoral access via a submental fold incision can be combined with lipectomy
or liposuction. Intraoral surgical approaches include a vestibular incision as pre-
viously described, or a midline vertical incision with a tunneling technique. Great
care must be taken when using limited access incisions to ensure symmetrical pla-
cement of the implant, in addition to positioning it appropriately in a vertical
plane. Implants can be used to increase anterior height by extending them below
the anterior mandibular border and to augment the parasymphyseal regions more
so than single piece osseous genioplasty (Fig. 10). Implants should be stabilized

Figure 9 A. Wedge vertical reduction osteotomy allows for anteroposterior repositioning in
addition to (B) vertical shortening.

938 Sullivan and Colgan



with transosseous wires or screws to ensure immobility. Bony resorption under
alloplasts has been seen in patients with hyperactive mentalis muscles and lip
incompetence (20).

Soft Tissue Closure

Accurate reapproximation of the mentalis muscle is crucial in preventing lower lip
malpositions and chin ptosis (witch’s chin). Attention is directed first to closing
the periosteal–mentalis muscle layer. A single 3-0 resorbable suture is placed
in the midline followed by a running 3-0 resorbable suture. Attention is then
directed to the mucosal layer where a single 4-0 resorbable suture is placed at
the midline followed by a running 4-0 resorbable suture. A pressure dressing is
placed to minimize the formation of a hematoma and to facilitate reattachment
of degloved soft tissues.

Figure 10 Alloplastic augmentation allows for more parasymphyseal augmentation than
does osseous genioplasty. A, B. Preoperative views. C, D. Postoperative views.
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Soft Tissue Changes

Soft tissue changes associated with genioplasty are highly variable. Reports in the
literature regarding translation of osseous to soft tissue change range 1:0.6 to 1:1.
Reduction genioplasty apppears to have the most variability in osseous to soft tissue
change. Several surgical considerations will ensure the greater magnitude of bone to
soft tissue change. The most important surgical tenets appear to be limited periosteal
stripping and meticulous layered soft tissue closure, including reapproximation of
the mentalis muscle (21,22).

Complications

Complications of genioplasty include prolonged neurosensory disturbance (23),
avascular necrosis of mobilized segments (24), hemorrhage causing lingual hema-
toma and possible airway compromise, unesthetic soft tissue changes such as chin
ptosis (25) and excessive lower tooth display, bony resorption under alloplasts
(20), devitalization of teeth, mandible fracture (26), creation of mucogingival pro-
blems, and asymmetry.

Prolonged neurosensory changes are attributable to direct nerve injury or trac-
tion neuropraxia. Cumulative injury can occur when other osteotomies, such as
sagittal split osteotomy, are simultaneously undertaken (23). In general, minor neu-
rosensory deficits are expected and resolve over time. Direct nerve injury, such as
transsection, requires immediate microneural repair for optimal neurosensory recov-
ery. Excessive resorption or avascular necrosis of the mobilized segment can be
avoided by maintaining a broad vascularized soft tissue pedicle (22). This is accom-
plished by minimal stripping of the soft tissues overlying the symphysis and main-
taining as much of the lingual muscle attachments as possible.

Hemorrhage and airway compromise are rarely seen. It is vitally important
that intraoperative bleeding be controlled promptly and effectively using hemostatic
agents or electrocautery. Most causes of lingual hematoma with extension are the
result of medullary bone or muscle bleeding once the patient becomes normotensive
following anesthesia. Postoperative pressure dressings may aid in controlling minor

Figure 11 Sublingual hematoma may form as a result of medullary and muscular bleeding

following horizontal osteotomy. In this case, treatment required evacuation of the hematoma
and placement of an intraoral drain.
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soft tissue bleeding and hematoma formation, but there is no substitute for good
intraoperative hemostasis (Fig. 11).

Chin ptosis results from inferior redistribution of the soft tissues of the chin.
Signs can include redundancy of submental skin or flattening of the labiomental
fold, excessive lower tooth display, and, in severe cases, lip incompetence. The usual
cause is excessive reflection of the periosteum from the inferior border of the mand-
ible. Other causes include inadequate approximation and suspension of reflected
muscle and periosteum. Limited soft tissue reflection and meticulous layered closure
will minimize the possibility of ptosis. If ptosis is anticipated, the clinician can sup-
port the soft tissues with suspension sutures through the outer cortex of the osteot-
omy or from microscrews superiorly (25) (Fig. 12).

Bone resorption under alloplastic chin implants has been reported. In one
report, mean resorption was 1.3mm (27). In most cases, this is not clinically signifi-
cant. Severe resorption has been reported and implant removal and secondary recon-
struction have been necessary using traditional osteotomy techniques. The presence
of hyperactive mentalis muscles has been identified as a predictor for excessive
resorption under alloplasts (Fig. 13).

Devitalization of teeth may result from compromise of pulpal blood flow. It is
recommended that osteotomies be carried out a minimum of 5mm below the longest
tooth root. On average, the mandibular canine is 20mm long. Strict attention to
tooth root location is of paramount importance. Long-term loss of vitality with peri-
apical changes may necessitate endodontic intervention.

Mandibular fracture is a very rare occurrence (26). The most common cause is
failure to complete the osteotomy proximally through both the buccal and lingual
cortices. When the inferior segment is mobilized, an inferior border fracture takes
place with extension through the body, angle, or ramus. If this should occur,

Figure 12 Inadequate mentalis muscle reconstruction and soft tissue closure, in addition to
excessive soft tissue stripping of the inferior border, can result in ptosis of the chin and

flattening of the labiomental fold.
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completion of the osteotomy, followed by open or closed reduction of the fracture
should take place.

Problematic mucogingival stripping can occur as a result of inappropriate inci-
sion placement. Tension on mucogingival tissues may cause inadvertent stripping of
gingiva. Placement of the incision between the sulcus and wet–dry line, meticulous
layered closure, and identification of underlying mucogingival pathology will mini-
mize this potential complication (Fig. 14).

Asymmetry may occur if the mobilized segment is free-handed into its new
position. Orientation marks and visual inspection following stabilization is necessary
to avoid this problem. A pre-existing or undiagnosed asymmetry may be more
apparent following chin repositioning. Immediate visual inspection and modification
will minimize this problem.

Genial procedures afford the surgeon the ability to make small but necessary
changes, or dramatic alterations in the overall form of the lower third of the face.

Figure 13 The presence of hyperactive mentalis muscles, in addition to an oversized

implant, resulted in bony resorption of approximately 3mm.

Figure 14 Pre-existing mucogingival problems can be exacerbated by advancement

genioplasty. Note loss of mucogingival attachment following advancement genioplasty.
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The predictability of a successful outcome is excellent with detailed preoperative
planning and conscientious application of good surgical technique.

MALAR AUGMENTATION

Introduction

If the eyes are the window to the soul, then the orbital structures and the malar com-
plex are the window frame and dressing. In American culture the malar complex is
the corner stone for an esthetic face. Strong cheek bones also seem to give a more
youthful appearance. The malar region is important in determining the oval shape
of the face and the character of the face on oblique profile. It has been shown that
the oblique profile is most commonly seen in conversation and thus is a very impor-
tant aspect of confluent facial aesthetics (28). The malar region is unique due to its
projection and placement in all three planes of space. However, visualization in all
three planes of space makes it difficult to formulate an ideal esthetic value for the
malar region.

The appearance of the malar eminence is determined not only by the promi-
nence of the bone but also by the reflection of light and the coinciding shadows.
The malar region comprises both soft and hard tissue. The malar eminence, frontal
process, and arch provide superior and lateral definition to the contour. The soft tis-
sues help to round out the inferior and medial aspects. Excessive soft tissue may
round out the superior and lateral projections and reduce the amount of definition
of the complex. The attractive malar prominence should appear round and full but
not too angular. It should be proportionate to the rest of the face. A proper malar
complex will finish out the oval form of the face, which is the most aesthetic facial
form. A flat hypoplastic zygoma makes the face seem dull and aged, also increasing
the prominence of the nose and chin.

Evaluation

Several methods have been described for evaluation of the malar complex. Hinderer
described a technique of two crossed lines, one extending from the lateral canthus to
the commissure and the other extending from the ala to the superior tragus (28)
(Fig. 15A). The eminence (and implant) is ideally located in the superolateral aspect
of the cheek between the lines just above the cross. Wilkinson locates the eminence
just lateral to the lateral canthus at a point one-third the distance from the lateral
canthus to the inferior border of the mandible (29) (Fig. 15B). Silver states that
the malar prominence is located more anteriorly and described a coordinate system
for locating the prominence (30) (Fig. 15C). A vertical line is drawn from the lateral
limbus. A horizontal line is drawn from the midpoint of the vermilion border of the
upper lip and the nasolabial angle. A line is then drawn from that point to the medial
canthus. The angle formed is then transposed to the intersection with the Frankfort
horizontal plane, locating the malar eminence. Powell made a practical division of
the malar anatomy by organizing the prominence into anteromedial and posterolat-
eral segments (31) (Fig. 15D). Dropping a vertical line from the lateral canthus
makes this division. This analysis helps to identify the type of malar deficiency.
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The deficiency may be anteromedial, posterolateral, or both. Prendergast and
Schoenrock defined the malar eminence as the point below the lateral canthus that
gives the impression of being the most prominent point of the malar mound in any
view (32). Looking at the face obliquely, they drew a line from the lateral canthus to
the commissure. A line drawn 90 degrees off this line at two-thirds the distance from
the commissure to the canthus passes through the most prominent point of the malar
complex (Fig. 15E). Terino made a similar division of the midface region into ana-
tomical zones (33) (Fig. 16). Zone 1 comprises the major portion of the malar bone
and the zygomatic arch. Augmentation of this area will maximize the projection of
the malar prominence. Zone 2 is the middle third of the zygomatic arch. Augmenta-
tion of this area will increase facial width. Zone 3 is the paranasal area and is com-
posed of the region medial to the infraorbital foramen and lateral to the nasal bones.
Augmentation in this area will increase fullness in the infraorbital area. Zone 4 is the
posterior third of the zygomatic arch. Augmentation in this zone is rarely indicated.
In addition, branches of the facial nerve course through this area and are vulnerable
to injury. Zone 5, or the submalar zone, contains the overlying facial musculature,
fat, and subcutaneous tissue of the midface region. It is bordered by the inferior

Figure 15 Hinderer’s crossed lines: A. one (A) from the ala to the tragus and the other (B)
from the lateral canthus to the commissure. B. Wilkinson’s method placed the malar

prominence at or just lateral to the outer canthus on a point (A) approximately one-third the
distance from the lateral canthus to the inferior border of the mandible. C. Silver’s malar
prominence triangle. Silver dropped a vertical line (A) from the limbus as the patient looks

forward. The horizontal line B is at the midpoint between the vermilion border of the upper lip
and the nasolabial angle. A meets B at point X. A line is drawn from X to medial canthus (N).
Angle AXN is reflected laterally to form AXP. Where the Frankfort horizontal line C crosses
at point P is the malar prominence. D. Powell’s method of dividing malar anatomy into

anteromedial and posterolateral segments. E. Pendergast and Schoenrock drew a line from
commissure to lateral canthus. One-third of the distance down this line is the most prominent
point of the malar complex.
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bony margin of the malar eminence, the lateral border of the nasolabial fold, and the
masseter muscle. Binder (34) and Terino (33) advocate augmentation of the zone by
itself, or in conjunction with a rhytidectomy. Other authors have modified or devised
alternative methods of evaluation. Regardless of the method of evaluation, accurate
and definitive communication with the patient is imperative. The surgeon must
duplicate the patient’s expectations.

Figure 15 Continued
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Patients may present to the surgeon with multiple complaints regarding facial
aesthetics; however, it is rare for the patient to complain specifically about the
appearance of their malar complex. The surgeon must be able to recognize the
type of malar deformity that would benefit from augmentation (35), including the
following:

1. Congenital deformities
2. Posttraumatic deformities
3. Flat, concave facial profile
4. Long narrow face
5. Aged face with sag or atrophy of soft tissues
6. Round, full face
7. Asymmetry

Patients who present in the first two categories usually have no trouble under-
standing the need for malar augmentation. Congenital concave facial profiles may be
subtle or so severe that orthognathic or craniofacial surgery is required for correc-
tion. If an occlusal discrepancy is present, osteotomies with occlusal correction
may result in an improvement in facial appearance. However, some deformities
may require both osteotomies and malar implants.

Figure 16 Terino’s division of the midface region into anatomical zones.
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Patients with a long narrow face often receive a more attractive oval shape to
the face by placement of the implant to include zone 2, thereby increasing the bizy-
gomatic width.

In the older patient with sag or atrophy of the soft tissues, the potential of
malar augmentation should not be overlooked. A face lift with superficial musculoa-
poneurotic system (SMAS) repair lifts the sagging subcutaneous tissues and
imparts fullness to the lateral posterior cheek; anterior malar improvement is often
temporary or less than ideal. Malar implants can improve the face lift results and
give a long-lasting correction to the malar eminence. Binder (36) advocates a subma-
lar (zone 5) implant alone or in conjunction with rhytidectomy.

A round, full face looks more attractive with a well-defined malar eminence.
Placement of the implants is usually more anterior (zone 1), thus avoiding increased
lateral width.

Malar Implants

Selection of the proper size and shape of implant is crucial to improving facial aes-
thetics. The implant itself should be easily modified and inserted, biologically inert,
as well as imperceptible to the patient. In addition, the implant should have the abil-
ity to be easily exchanged when necessary or desirable with minimal to no removal of
adjacent tissues. Unfortunately, no single implant universally satisfies all these qua-
lities. Solid silicone should be considered one of the safest implantable materials cur-
rently available in the United States (37). The silicon–oxygen bonds in Silastic are
particularly strong, making this material resistant to degradation in the body (38).
Silastic implants can be steam autoclaved and sterilized with raditation or ethylene
oxide gas (39). Because of capsule formation that occurs around a Silastic implant,
removal of the implant, if necessary, becomes easier than with porous implant mate-
rials. Whitaker (39) recommended a 6mm thick implant if the bony hypoplasia is
mild or moderate and the soft tissue is normal. If there is exaggerated bony hypopla-
sia or soft tissue thickness, 8mm implants should be used. In patients with thin soft
tissue cover, a 6mm implant may need to be reduced by 1 to 2mm and tapered at
both ends, or a 4mm implant may be used. It is important that the surgeon evaluate
the patient for midfacial asymmetry and consider the use of different-sized implants
for correction.

Surgical Technique

Some surgeons advocate marking the proposed location for the malar prominence
on the skin with the patient in the sitting position. This can be accomplished with
an extra implant or an implant sizer. Anesthesia may be local with IV sedation or
general endotracheal. Regardless of the anesthesia modality used, local anesthetic
with a vasoconstrictor is injected directly against the malar bone as well as the inci-
sion and overlying soft tissues.

A variety of surgical approaches may be used to insert the malar implants,
including coronal, blepharoplasty, and rhytidectomy. The most common surgical
approach is the intraoral maxillary vestibular incision. The incision should be in
the buccal vestibule about 1.5 cm in length above the mucogingival junction
(Fig. 17). If the implants will be fixated to bone without reliance upon the soft tissue
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Figure 17 The maxillary vestibular incision is made so that the cut parallels the anterior
surface of the maxilla above the mucogingival junction.

Figure 18 Periosteal elevator is inserted to bone immediately beneath the infraorbital nerve
and swept downward, creating a cuff of soft tissue inferiorly which forms a ledge for the

implant to sit against. The dissection follows bone laterally onto the zygomatic arch,
superficial to the masseter muscle.
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pocket for retention, then the incision can be extended to a LeFort I type incision. A
periosteal elevator is used to sweep the soft tissue downward off the bone from just
below the infraorbital nerve toward the buccal sulcus, creating a soft tissue ledge for
the implant to rest against. The dissection follows bone out onto the zygomatic arch,

Figure 19 Rigid screw fixation provides implant stabilization.
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Figure 20 A,B Preoperative frontal and lateral views demonstrate maxillary anteroposterior
hypoplasia and malar deficiency. C-E Postoperative frontal, lateral, and oblique views after
Lefort I maxillary advancement and malar implant placement.

950 Sullivan and Colgan



providing the tunnel for implant positioning and fixation. Dissection proceeds super-
ficial to the masseter muscle in this region (Fig. 18). The implant is placed and should
lie passively within the pocket created. If the pocket is too small, the implant may
fold upon itself or it may tend to extrude. If the pocket is too large, the implant will
not be stable and may become malpositioned (38). Fixation screws are placed, stabi-
lizing the implant in position (Fig. 19). The incision is closed in a single layer using
absorbable sutures. The patient is prescribed postoperative oral antibiotics for 1
week and given appropriate analgesic pain medications.

Complications

Complications from the intraoral approach include dysethesias from damage to the
infraorbital nerve or motor dysfunction of the orbicularis oris (41). Nerve symptoms
may be attributed to transection of small branches in the lip during incision, damage
to the nerve bundle during dissection, or pressure impingement on the nerve from the
implant. These complications are rare and minimized if meticulous surgical techni-
que is observed.

Figure 20 Continued
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Summary

Alloplastic malar augmentation affords the facial surgeon the ability the enhance the
natural skeletal framework of the midface region. When performed on the appropri-
ate patient after thorough evaluation, improvement in facial harmony can be
expected with minimal morbidity (Fig. 20).
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HISTORY

The concept of applying chemicals to the skin to improve its appearance is not new.
The ancient Egyptians applied sour milk to the skin as a way to regain its youthful
appearance. Unbeknownst to them, lactic acid, an alpha-hydroxy acid (AHA), was
the active ingredient (1). During the French Revolution, women of royalty applied
aged wine to their skin not knowing that tartaric acid, also an AHA, was the chemi-
cal ingredient improving the appearance of the skin (2). In the late 1800s, Dr. P.G.
Unna, a German dermatologist, noted improvement of the skin with the application
of acids such as salicylic acid, phenol, resorcinol, and trichloroacetic acid (1). During
World War I, a French physician, la Gasse, used phenol covered with tape to heal
gunpowder burns. His daughter, Antoinette, later brought the technique to Los
Angeles in the 1930s and 1940s to treat scars and wrinkles (1). In the 1950s, a number
of dermatologists were actively studying chemical peeling. Dr. Max Jessner at New
York University reported the application of a combination of 14% salicylic acid, lac-
tic acid, and resorcinol, known today as Jessner’s solution (3). Sir Harold Gillies, a
British otolaryngologist, successfully used phenol and tape for peeling of the skin (4).
The toxicity associated with using phenol was known and efforts were made to for-
mulate a buffered solution. In 1961, Baker and Gordon developed a saponated for-
mula of 55% phenol mixed with water, hexachlorophene, and croton oil that make
up the phenol formulation still used today (1). In the 1980s, animal and human mod-
els were used to study the histological depth of penetration of different chemical
peels (1). This work resulted in the three-tiered classification of superficial, medium,
and deep depth peeling. Today, alpha-hydroxy acids and beta-hydroxy acids are
popular for chemical peeling.

Dermabrasion, an in-office procedure for resurfacing of the skin, was intro-
duced in 1953 by Dr. Abner Kurtin who presented 200 cases of ‘‘corrective surgical
planing of skin’’ at Mt. Sinai Hospital. A wheel covered with numerous, small, angu-
lated wires were applied via a motor-driven rotating cable to abrade frozen skin
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rapidly and deeply (5). Small hand-held units powered by electrical engines or man-
ual abrasion with sandpaper are used for dermabrading today.

In 1917, Albert Einstein published a theory describing stimulated emission of
radiation by a photon from molecules in an excited state (6). In 1960, Maiman
designed light amplification by stimulated emission of radiation (laser) using a ruby
crystal and a flashlamp (6). Lasers were popularized in the 1960s and 1970s: ruby
lasers for treatment of epidermal lesions, argon lasers for vascular lesions, and the
carbon dioxide laser for excision and vaporization (6). In 1983, Anderson and Par-
rish reported the theory of selective thermolysis, which describes selective tissue
injury by laser light that reduces the scarring of surrounding tissue (7). This theory
led to the development not only of the flashlamp pulsed dye laser specific for vascu-
lar lesions, but also of a number of lasers that selectively target and treat a wide
range of lesions. The medical use of a specific laser is directed by its wavelength,
depth of penetration, and pulse duration.

INDICATIONS

Photoaging is the most common reason for patients to seek facial rejuvenation via
resurfacing procedures. Photoaging occurs as a result of exposure to ultraviolet
radiation (UV). UVB (290–320 nm) and UVA (320–400 nm), with its deeper pene-
trating wavelengths into the dermis, are responsible for photodamage (8). Elastic
fiber degeneration occurs coupled with increased collagenase activation resulting
breakdown of type I collagen. The subsequent resorption of elastin and collagen
leads to a relatively prominent epidermis resting on a relatively diminished dermis,
resulting in the formation of a wrinkle (9). The Glogau classification has been used
to classify photodamage (Table 1) (10). In addition to rhytides, pigmentary dyschro-
mias are another aspect of photoaging for which patients may seek resurfacing.
These include melasma, lentiginies, and ephelides.

Another indication for facial resurfacing is the treatment of scars, resulting
from severe acne, prior varicella infection, surgery, or trauma. In addition, actinic
keratoses, a type of precancerous lesion that, if left untreated, could result in squa-
mous cell carcinoma, may be successfully treated with resurfacing procedures.

Table 1 Glogau Classification of Photodamage

Type I Mild
No keratoses

Little wrinkling
Type II Moderate

Early actinic keratoses
Early wrinkling

Type III Advanced
Actinic keratoses
Wrinkling at rest

Type IV Severe
Actinic keratoses, skin cancer
Wrinkling: actinic, dynamic

Source: From Ref. 10.
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Fitzpatrick’s classification of skin types I–VI is important in selecting the
appropriate mode of treatment for each individual (Table 2) (11). In skin types I–
III, pigmentary changes of hypopigmentation or hyperpigmentation usually do
not occur, making all types of chemical peels safe. Skin types I–II are the best can-
didates for treatment with lasers. In skin types IV–VI the risk of postinflammatory
hypopigmentation or hyperpigmentation is greater; a test spot at the hairline should
be performed before proceeding further. Selection of a procedure is dependent not
only on the desired depth of penetration but also on the duration of healing time
and patient’s ability to tolerate the procedure.

PATIENT EVALUATION

An appropriate amount of time should be spent with the patient so that he or she will
not have unrealistic expectations about the outcome of a procedure. Letting the
patient point out the area of concern and discuss in his or her own words the desired
result may provide more insight. Discussing your perception of the patient’s expec-
tations along with realistic goals and outcomes is a cornerstone of any cosmetic pro-
cedure. For example, multiple superficial peels or multiple laser treatments may be
required to reach the patient’s desired outcome.

Photodocumentation before the procedure is important for both the physician
and patient to assess results. The office staff should have a predetermined set of
photos taken for all patients to ensure reproducible views and distances for compar-
ison: anterior, left lateral, and right lateral views.

A full medical history should be taken and a full skin examination be per-
formed. It is not advisable to treat patients with autoimmune diseases such as lupus,
scleroderma, or vitiligo. Patients with lupus have an increased tendency to show
Koebner reactions after cosmetic procedures (12). Patients receiving chemotherapy
or who have human immunodeficiency virus (HIV) disease are at greater risk for
postprocedure infections (13). Patients with a tendency toward hypertrophic scarring
or keloid formation should be treated with caution and should have a test site per-
formed prior to the procedure. The knowledge of prior exposure to x-ray treatment
for the face is important to note; the potential lack of adnexal structures could
impair proper re-epithelialization of the epidermis, which originates from these
structures (14). If prior surgical procedures have been performed on the face, an
interval of up to 6 months is necessary before treatment to ensure that collagen

Table 2 Fitzpatrick’s Classification of Skin Types

Skin Phototype Sun Exposure History
I Burns; never tans
II Burns; minimally tans
III Burns moderately; moderately tans

IV Burns minimally; moderately tans
V Burns rarely; profusely tans
VI Burns never; profusely tans

Source: From Ref. 11.
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remodeling has been completed (14). Previous treatment of lesions and the resulting
fibrosis may also affect the depth of penetration of the chemical peel or laser.

If the patient has a history of recurrent herpes simplex virus (HSV) infection,
prophylactic antiviral treatment should be initiated with suppressive dosages of acy-
clovir, Valtrex, or Famvir as the trauma of treatment may induce reactivation. This
is especially important for treatment with carbon dioxide laser in which the entire
epidermis is removed and reactivation of HSV could result in scarring. For instance,
treatment with acyclovir 400mg twice daily perioperatively 5–10 days after peeling is
recommended to prevent activation of HSV (15). A patient with a history of HSV
infection who is undergoing carbon dioxide laser resurfacing should be prescribed
a full 10 day course of antiviral medication (16). All procedures should be avoided
in the setting of an active HSV infection.

The physician should review the patient’s current and recent oral and topical
medications. The prior use of isotretinoin or Accutane, which is utilized for the treat-
ment of severe acne vulgaris, is important to note because it can increase the risk of
postprocedure scarring. Isotretinoin suppresses collagenase and decreases the
amount of pilosebaceous units in the skin. Collagenase is responsible for collagen
remodeling and the pilosebaceous units are necessary contributors to the process
of re-epithelialization. The lack of these two vital components in wound healing
may result in abnormal hypertrophic or keloid scarring after resurfacing procedures.
It is generally recommended that chemical peeling, dermabrasion, or laser treatment
not be performed within 1–2 years of its use (17). Use of blood-thinning medications
such as aspirin, a nonsteroidal anti-inflammatory, and vitamin E should be noted in
the initial consultation and stopped, if approved by the primary care physician,
1 week prior to dermabrasion and laser treatment to prevent petechiae, purpura,
or excessive bleeding. It should be noted whether the patient has been pretreating
the skin with tretinoin. Tretinoin benefits photodamaged skin by increasing type I
collagen formation and decreasing collagen breakdown by inhibiting collagenase
(18). Tretinoin has been shown to potentiate the effects of superficial chemical peels
and hydroquinone in the treatment of melasma (19). Pretreatment with tretinoin has
also been shown to reduce healing time following dermabrasion (20). Daily applica-
tion of 0.1% tretinoin cream for 2 weeks prior to 35% trichloroacetic acid peeling
enhanced the healing time of facial, forearm, and hand skin (21).

PATIENT PREPARATION

Chemical peeling, dermabrasion, and laser treatment are in-office procedures per-
formed by a trained physician. Aestheticians who perform chemical peels in a cosme-
tology setting are performing peels of lower concentration that are left on the skin
for a shorter period of time. A nurse can perform the microdermabrasion procedure
(see later). The patient, to ensure that he or she understands the possible risks of the
procedure, should sign a consent form. This should be done prior to any anesthe-
sia=analgesia. The patient should be advised to wear comfortable clothing on the
day of the procedure. In general, the patient should first remove makeup, then wash
the skin with an antibacterial skin cleanser such as Hibiclens. Preprocedure photos
should be taken. Once the patient is reclined in the examination chair, a head cover
should be placed to cover the hair. Drapes may be placed to protect clothing.
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If lasers are being used, standard safety measures should be taken. The appropriate
wavelength eye shields should be provided to all persons in the room. ‘‘Laser-in-use’’
warning signs as well as room access restrictions should be in place. Fire prevention
steps and equipment should be established. All personnel should be well educated
with laser use protocol.

CHEMICAL PEELING

In chemical peeling, moist gauze can be applied to the eyes to prevent the chemical
from entering the eye and to encourage the patient to keep the eyes closed. First the
skin is prepared by cleansing. Scrubbing the skin to remove the stratum corneum, cuta-
neous oils, and other debris prior to administration of the peel increases the depth of
penetration. Scrubbing the face with acetone for 2–3min is ideal as it dissolves sebum.
Caution should be used, however, because acetone is flammable. Rubbing alcohol is
occasionally used. An ointment such as petrolatum or Aquaphor Healing Ointment
may be applied with a cotton-tipped applicator to deeper creases such as the alar
grooves, oral commisures, and deep periorbital rhytides to prevent collection of the
chemical agent in these areas. A fan blowing on the patient greatly decreases patient
discomfort through cooling and also removes vapors associated with peel application.

The chemical to be used for the peel is poured into a cup for use to prevent
contamination. Application of chemicals can be performed with one or two cot-
ton-tipped applicators, large cervical swabs, a gauze sponge, or a fan-shaped sable
brush. A rapid, uniform application is the goal, with the peeling agent fully applied
to all parts of the face in approximately 60 s. In this way, the variation of the dura-
tion of chemical contact with the skin among the cosmetic units is minimal. Whether
the peel is limited by time or patient tolerance, a resulting uniform peel is desired.
The chemical peel is generally applied to the following cosmetic units: forehead, gla-
bella, nose, cheeks, temples, upper lip, chin, and mandible. Application can occur
superiorly to inferiorly and medially to laterally. This minimizes the risk of any agent
being splashed or dripped into the eyes. The peel should be feathered into the hair-
line and jawline to prevent a noticeable demarcation line. Many peel chemicals pool
in hair-bearing areas, resulting in crusting. This should be kept in mind when treat-
ing near eyebrows and hairlines.

In application, varying amounts of pressure may change the depth of penetra-
tion. Increasing the number of coats applied may also increase the depth of penetra-
tion. Adequate time between coats should be allowed to ensure the completion of
active chemical penetration prior to applying the next coat. In this way, a deeper
than expected peel and scarring may be avoided. Frosting of the skin may occur with
application of the peel and is evidence of epidermal protein agglutination. Frosting
can be an indication of evenness of peel application but is not a reliable indication of
depth of penetration. If prior treatment with tretinoin or an alpha-hydroxy acid has
occurred, then frosting occurs more rapidly. Severely photodamaged skin and highly
sebaceous skin can slow the appearance of frost.

Superficial

Superficial chemical peels encompass the depth of the epidermis with some penetra-
tion to the level of the superficial papillary dermis. Superficial peels are indicated for
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treatment of fine rhytides, melasma, lentigines, ephelides, acne, superficial acne scar-
ring, and actinic keratoses. Superficial peeling agents include alpha-hydroxy acids
such as glycolic acid, trichloroacetic acid 10–35% beta-hydroxy acids such as sal-
icylic acid, Jessner’s solution, modified Unna’s resorcinol paste, and solid carbon
dioxide. Superficial peels are thought to be safe for all Fitzpatrick skin types I–VI
and to have a low risk for the complication of postinflammatory hyperpigmentation
or scarring. Superficial peeling requires multiple applications approximately once a
month for a total of six applications to be effective. However, multiple applications
are not equivalent to even one peel of medium depth. It is important that the patient
recognize this.

Alpha-Hydroxy Acids

Use of AHAs has gained increasing popularity since the 1990s. Glycolic (2-hydro-
xyethanoic) acid and lactic (2-hydroxypropanoic) acid are the most commonly used
AHAs. AHAs occur naturally, with glycolic acid found in sugar cane, lactic acid in
sour milk, malic acid in apples, citric acid in fruits, and tartaric acid in grapes. The
mechanism of action of the AHAs is epidermolysis with dyscohesion of the keratino-
cytes of the stratum corneum. AHAs have been shown histologically to thicken the
epidermis and increase glycosaminoglycan deposition in the dermis (22). Glycolic
acid has been shown to potentiate the effects of topical treatment of melasma with
tretinoin and depigmenting agents such as hydroquinone or Kojic acid (23). The
depth of penetration of these bleaching agents is increased when the epidermis is
intermittently treated with glycolic acid. Greater epidermal necrosis and peeling have
been shown with increased concentration of AHAs and with a more acidic pH (24).
The lower the pH used in the chemical peel solution, the greater the amount of free
acid available (i.e., the lower the pKa). Strength and depth are also dependent on
the amount of buffering or neutralization of the AHA (24). Both are used to decrease
irritation of the acid. Therefore, a chemical peel solution of 35% glycolic acid in a
buffered solution may actually be equivalent to a 20% glycolic acid peel in a more
acidic pH preparation. The physician must take great care to understand the active
agents and preparations used. Strength is not a simple comparison of the percentage
of acid content of a solution; strength also varies greatly among manufacturers.

Prior to application of glycolic acid, the skin is scrubbed with acetone or alco-
hol. Initial peeling should commence with 20–30% glycolic acid (a low concentra-
tion), to determine the patient’s tolerance and cutaneous reaction. Application is
with a dry cotton-tipped applicator, gauze, or sable brush. One hand is used to
stretch out any skin creases as the agent is applied. Firm pressure with application
to deeper folds of skin will increase the peel effectiveness in these areas. Application
is continuous and repetitive, limited by time and not number of applications. Dura-
tion of chemical contact is determined by a combination of patient tolerance, indica-
tion for the peel, desired depth of peel, and=or a predetermined timed endpoint such
as 5–10min. Some patients, even at low doses of agent, may only tolerate 30 s of
application. Others may be comfortable with little erythema at 5min. Uniform
erythema is desired. If frosting occurs, immediate neutralization of the glycolic acid
should take place. Neutralization occurs with the application of bicarbonate solution
resulting in a foaming reaction. A water rinse is applied next and may relieve the
initial burning sensation experienced. Weekly or monthly treatments may be per-
formed. Peel duration or the concentration of the acid solution may be increased

960 Johnson and Bradley



with each subsequent peel. It is preferred, however, that only one variable change at
a time.

Trichloroacetic Acid

Trichloroacetic acid (TCA) is indicated for rhytides, actinic keratoses, postinflam-
matory hyperpigmentation, melasma, and superficial acne scarring (15). TCA 15–
25% acts superficially and has been shown to be effective for localized hyperpigmen-
tation such as lentigines (23). TCA, with its pKa of 0.52, is a stronger acid than gly-
colic acid, which has a pKa of 3.86 (15). The mechanism of action of TCA is
coagulation necrosis of epidermal and dermal proteins. The actual depth of penetra-
tion varies with the concentration of TCA used. Mixing TCA crystals with 100ml
distilled water makes the desired TCA concentration. For example, mixing 35 g of
TCA crystals with 100ml water makes a 35% TCA solution. The solution should
be kept in a dark glass bottle and refrigerated. It should be poured into a separate
container for use and the primary bottle restored to prevent weakening of the acid
concentration through exposure to light and air. Mixed TCA solution can be stored
for up to 6 months.

Application is with cotton-tipped applicators or a damp gauze sponge. A
white frost occurs that is indicative of protein coagulation. Neutralization is
accomplished with water through a mist spray or cool wet gauze. Reapplication
of TCA to areas of greater photodamage or thicker skin may be made, with
3–5min elapsing between coats. For subsequent peels, increases in peel duration
or acid concentration may be desired based on the prior outcome and reported
patient tolerance. For example, after peeling with a 10% concentration for
2min, future peeling can be performed with a 5% increase in concentration up
to 35%. One can then begin again at a 1min timed application. Frequency of peel-
ing can be weekly or monthly depending on the concentration, duration, and
patient tolerance.

Jessner’s Solution

Also known as Combes’ formula, Jessner’s solution consists of 14 g resorcinol, 14 g
lactic acid, and 14 g salicylic acid in 95% ethanol to a quantity sufficient to make a
total of 100ml. This combination is important to decrease the total amount of any
individual agent used, to decrease the toxicity of all individual components, and to
increase the overall keratolytic effect of the peel. Although not as useful as TCA for
the treatment of photoaging, Jessner’s solution is useful for treating dyspigmentations
of the face, neck, and chest (25). Pigment treated may appear darker for 2–3 days
after peeling and flaking may be evident for as long as 7 days after treatment. The
solution is best applied with a 1 inch sable brush. A gauze or sponge may be used
if lighter application is desired. Jessner’s solution is neutralized via its chemical reac-
tion with epidermal proteins. Water application will dilute but not neutralize it. If
multiple coats are to be applied, 5–15min should elapse between applications to
ensure completion of activity and proper depth of peel. Rapid succession of multiple
coats will undoubtedly result in an undesired depth of peeling and possibly scarring.
The fact that water dilutes Jessner’s solution and does not neutralize it becomes par-
ticularly important if multiple peels are combined (for example, Jessner’s solution
and TCA [see below]). The number of coats of Jessner’s solution can be increased
with each session up to three coats.
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Salicylic Acid

Salicylic acid (ortho-hydroxybenzoic acid) is a beta-hydroxy acid chemically unre-
lated to AHAs. Although AHAs are hydrophilic, salicylic acid is hydrophobic and
lipophilic and is therefore active in sebaceous units. This makes it especially useful
as a comedolytic in acne (26). The mechanism of action is a reduction in keratinocyte
adhesion. Neutralization occurs with a cold water rinse. Salicylic acid has been
reported as superior to glycolic acid for the treatment of acne vulgaris in patients
with darker skin types (27). A 20% solution is applied for 3min for the first applica-
tion and 5min in the second application (no sooner than 2 weeks later). Three more
peels can be performed using 30% salicylic acid for 5min application 2 weeks apart.
Patients report less stinging and burning with beta-hydroxy acid peels than with gly-
colic acid peels.

Resorcinol

Resorcinol (m-dihydroxybenzene) is another superficial peel that disrupts the hydro-
gen bonds of keratin. Although the original paste contained resorcinol, zinc oxide,
kaolin, olive oil, wool fat, and petrolatum, modified versions now exist. To detect
contact allergy sensitivity, a test site application should be performed in the post-
auricular region for 15min and evaluated 4 days later. At the time of the peel, the
paste is warmed for a few minutes in a plastic container surrounded by hot water
in order to facilitate application. The paste is then applied for 25min. The patient
will experience a burning sensation. The paste is wiped away with dry gauze and
the patient is left with a gray so-called resorcin membrane. Water and moisturizer
applied to the face should be avoided for 4–7 days after peeling. The peel may be
applied weekly for a month and should not conflict with a patient’s immediate return
to work.

Carbon Dioxide

Carbon dioxide (CO2), at �78.58C, can act as a superficial peeling agent. Solid
blocks of carbon dioxide are wrapped in a towel dipped in a 3:1 acetone=alcohol
mix that turns the composition into slush. Application is performed in strokes apply-
ing pressure for up to 15 s in any one area of treatment. Mild application is 3–5 s,
moderate 5–8 s, and hard application 8–15 s. Increasing the pressure of application
increases the depth of penetration. Solid CO2 is an effective comedolytic and is useful
for acne and acne excoriée, with freezing of comedones occurring with 5–8 s of appli-
cation (28).

Medium

Medium depth peeling penetrates to the level of the lower papillary dermis and upper
reticular dermis and is useful for the treatment of moderate photodamage. Peeling
treats actinic keratoses, softens fine rhytides, decreases pigment, and improves
depressed scars. Recovery time for medium depth peels is 7–10 days. Agents for med-
ium depth peeling include combination peels such as 70% glycolic acid followed by
35 percent TCA (29), Jessner’s solution followed by 35% TCA (30), solid CO2 fol-
lowed by 35% TCA (31), 50% TCA (32), pyruvic acid (33), and the combination
of Jessner’s and glycolic acid peel (34). On histological examination, 90 days after
a medium depth peel, a Grenz zone is evident in the mid-to-upper dermis consisting
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of a thick band of elastotic fibers. Also seen is an increase of glycosaminoglycans,
which, as a component of the ground substance of the dermal matrix, binds water
and provides hydration to thicken the dermis and counteract wrinkling (35). Dermal
collagen reorganization is complete in 60–90 days and is required before repeat peel-
ing so that scarring does not occur. In other words, no repeat chemical peels should
be performed on a patient sooner than 3 months after a medium depth chemical peel.
Medium depth peels are often useful in combination with laser skin resurfacing,
where the carbon dioxide laser is used over localized areas with greater photodamage
while a medium depth peel is applied to the remainder of the face. This decreases
healing time and minimizes the scarring risk associated with full-face skin resurfacing
(34).

70 Percent Glycolic Acid and 35% TCA

This combination allows the glycolic acid to debride the stratum corneum facilitating
dermal penetration of TCA. Glycolic acid is applied to the face with a cotton swab
for 2min and then neutralized with water. Next, 35% TCA is applied with a cotton
applicator or gauze and subsequently neutralized with water. Cool saline compresses
can be applied to the face to provide symptom relief.

Solid CO2 and 35% TCA

The technique of solid CO2 and 35% TCA combination peeling involves application
of CO2 as previously described with a block of CO2 dipped in alcohol=acetone solu-
tion with varying amounts of pressure applied for epidermal destruction. After CO2

is applied, the skin is wiped with a dry gauze and then 35% TCA is applied as pre-
viously described for dermal penetration. Although this peel is beneficial in that it
allows for focal control of peel depth and is unique for treating contours of scars,
it has the greatest risk of scarring because it can penetrate deeply.

Jessner’s Solution and 35% TCA

The Jessner’s solution and 35% TCA combination peel is effective for the treatment
of actinic keratoses, rhytides, and pigmentary dyschromias. Initial application of
Septisol or povidone–iodine solution should occur followed by an acetone scrub
to remove the residue of the first cleansing agent. This is necessary not only to
thoroughly cleanse the skin but also to remove superficial keratin debris of dry stra-
tum corneum for even peel penetration. Jessner’s solution is applied with a cotton
applicator, gauze, or a sable brush. Frosting occurs after one coat. After 15min,
35% TCA is applied followed by water neutralization. Water application dilutes
Jessner’s Solution and should not be done until after application of TCA. A second
or third application of TCA will further increase the depth of penetration but should
be avoided except in areas of greater photodamage or thicker skin. The stinging and
burning that occur with this peel may be lessened with the use of a short-acting seda-
tive (diazepam 5–10mg) with analgesia such as meperidine 25–50mg orally and
hydroxyzine hydrochloride 25mg intramuscularly (34). Postoperative care includes
0.25% acetic acid soaks four times a day followed by emollient application for the
first 24 h. After this period, gentle cleansing of the face should be performed.
Erythema and desquamation caused by this peel usually last for 1–2 weeks.

Electron microscopy of the skin 90 days following this combination peel
reveals activated fibroblasts and collagen remodeling with organized, parallel arrays
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of collagen (36). Jessner’s solution with 35% TCA has been shown in a single treat-
ment to be as efficacious in treating actinic keratoses as treatment with topical
5-fluorouracil twice daily for 3 weeks. There was also a significant decrease in mor-
bidity; post-peel healing time was 10 days compared to 6 weeks healing time with
5-fluorouracil (37). A single-application chemical peel may therefore be useful in
poorly compliant patients with actinic keratoses. On histological examination, both
Jessner’s solution with 35% TCA and 70% glycolic acid with 35% TCA produce a
thinner Grenz zone of remodeled collagen and elastotic fibers than does CO2 with
35% TCA (15).

Pyruvic Acid

Pyruvic acid is an alpha-keto acid that converts physiologically to lactic acid, which
is an AHA. Epidermolysis occurs in 30–60 s with dermal penetration in 1–2min.
Full-strength (95–99%) pyruvic acid is not used because of its scarring potential.
Griffin reported the successful use of 60% pyruvic acid in ethanol for the treatment
of actinic keratoses (33). Increased dermal penetration occurs if 5ml pyruvic acid is
combined with 8 drops Brij 35 (emulsifying agent polyethylene laurel ether) and one
drop of croton oil (38). Croton oil comes from the seed of the Croton tiglium tree and
is an epidermolytic agent. After the skin has been mildly scrubbed the acid is applied
with a cotton applicator over 2–5min. Water can be applied to the face for comfort
but neutralization is not necessary. Erythema occurs 1 h after peeling and edema
occurs within 48 h. Crusting occurs and resolves in approximately 10 days. Follow-
ing peeling, skin care should be done with Povidone–iodine, water, hydrogen per-
oxide, or 0.25% acetic acid soaks with Bacitracin, Polysporin, petrolatum, or
Aquaphor Healing Ointment.

50% TCA

This medium depth peel is no longer popular not only because of its unpredictability
and increased risk of scarring but also because the combination peels have been
shown to be as effective (15). Besides scarring, it is also known to produce hypopig-
mentation, hyperpigmentation, and prolonged erythema (39).

Deep

Deep peeling with phenol (carbolic acid), also known as Baker’s phenol, penetrates
to the midreticular dermis. In 1961, Baker and Gordon used 3ml of 88% phenol,
2ml of tap or distilled water, 8 drops Septisol liquid soap, and 3 drops croton oil
(40). This combination dilutes the phenol to 50–55%. Caution should be used in
application of the phenol peel because it can cause cardiac arrhythmias. Phenol peel-
ing is absolutely contraindicated in patients with pre-existing cardiac arrhythmias.
Because it is metabolized in the liver and excreted in the kidney, it is absolutely
contraindicated in patients with hepatorenal insufficiency (41). A relative contrain-
dication for phenol peeling is concomitant use of coumadin. A preoperative electro-
cardiogram, complete blood count, and electrolyte levels should be performed and
cardiac monitoring is required during the procedure. Lactated Ringer’s Solution
(500 cc) should be given before, 1000 cc during, and 1000 cc after the procedure. Dia-
zepam 2–5mg and intramuscular or intravenous meperidine 50–100mg have been
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widely used for sedation and analgesia (42). A regional nerve block could also be
used, with long-acting bupivicaine infiltrating the supraorbital, infraorbital, mental,
superior alveolar, and preauricular nerves. Risks include scarring, hypopigmenta-
tion, and a lack of depth control (43). Prior to peeling, a 3min acetone scrub fol-
lowed by alcohol application is performed. Using a moist cotton applicator,
application occurs in six cosmetic units: forehead, left cheek, right cheek, perioral
region, nose, and periorbital region. Peeling of the neck is avoided because scarring
is likely. The peel is applied until a gray frost occurs. For a deeper penetrating peel,
occlusion with tape is added (44). Waterproof zinc oxide nonporous tape can be
applied as a mask to each area of the face. Small strips are applied in an overlapping
manner avoiding the eyebrows, eyelids, and earlobes. To decrease toxicity,
10–15min should elapse between treatments of cosmetic units, with the entire proce-
dure taking 60–90min. An immediate burning sensation occurs with application and
pain can last up to 10 h. Severe edema also occurs that requires analgesia. Ice packs
may be applied over the mask. The patient should sleep the first night in a sitting or
semireclining position to minimize edema and facial friction with pillows. The mask
is removed at 48 h and any exudate is wiped with sterile saline or hydrogen peroxide.
To encourage re-epithelialization, the patient should perform wet to dry soaks or
washes with povidone–iodine, followed by application of Bacitracin or Polysporin
ointment. A side-by-side study comparing the treatment of upper lip wrinkles with
application of three passes, 950 s dwell time carbon dioxide laser and unoccluded
phenol peel showed a greater improvement on the phenol-treated side when exam-
ined at 6 months (45). Phenol peels were shown histologically to result in a thicker
zone of newly remodeled collagen than pulsed CO2 laser (46). The sun should be
absolutely avoided during the 14 days of healing time from phenol peeling. Repeat
peeling can be peformed in 1 year.

Postprocedure Care

After peeling, a moisturizer such as Cetaphil lotion should be massaged into the skin
twice a day to decrease the risk of scarring. The patient should also be advised not to
pick off any crusted areas or rupture any blisters that may form. If crusting occurs, a
topical antibiotic such as Bacitracin or Polysporin should be applied twice a day to
affected areas. However, immediate use of topical antibiotic ointments may increase
the likelihood of an allergic or irritant reaction. If a moderate amount of erythema is
noted following peeling, a low-potency topical corticosteroid may be applied. Post-
peel pain should be treated with acetaminophen. Aspirin or nonsteroidal anti-inflam-
matory agents should be avoided during the recovery from dermabrasion and carbon
dioxide laser resurfacing. One week after peeling, treatment with tretinoin can be
restarted.

Sun avoidance and sun protection with sunscreen that has both UVB and UVA
protection are important measures to prevent postprocedure pigment irregularities
and to minimize further photoaging. The sun should be avoided for the first month
after resurfacing. After re-epithelialization, a sunscreen with at least SPF 15 with
UVA protection is recommended for daily use. If prolonged exposure to the sun is
expected, at least an SPF 30 with UVA protection is required. Wide brimmed hats
are a good adjunct to any photoprotective regimen.
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Complications

Potential complications of all methods of resurfacing overlap because they all
involve a degree of epidermal and dermal injury. Hyperpigmentation can last several
weeks. Treatment with topical tretinoin and=or bleaching agents may minimize or
reverse this side effect with time. Hyperpigmentation will be exaggerated if the
patient has direct sun exposure during the re-epithelialization phase. Patients with
skin types IV–VI are at an increased risk for postinflammatory hyperpigmentation.
Hypopigmentation is largely an unpredictable outcome of any resurfacing procedure
deeper than a superficial peel. This side effect is often not reversible.

Postpeeling infections may occur with aerobic or anaerobic bacteria, fungi,
yeast, or viruses. The physician should see the patient soon after a resurfacing pro-
cedure to monitor for this. In addition, the patient should be instructed to call the
office if any variation in the healing process is noticed or he or she experiences a
fever, increased pain, or discharge. If infection is suspected, culture and sensitivities
should be done and appropriate therapy begun. Infections can lead to significant
scarring and early intervention is key to a good outcome. Patients with a history
of HSV may experience reactivation of lesions with these procedures and should
receive prophylactic-treatment (see above).

Prolonged erythema and pruritus may last up to 4 weeks. Topical low-potency
corticosteroids such as 2.5% hydrocortisone may help to speed recovery and toler-
ance following the procedure. Ocular irritation may occur with peeling; therefore,
caution should be taken to cover the eyes before beginning treatment. If irritation
occurs and is significant, evaluation by an ophthalmologist should be done. Milia,
or small inclusion cysts, may occur in the postoperative period following any resur-
facing procedure as healing takes place. Milia may be treated with extraction using a
no. 11 blade. Topical tretinoin used 2 weeks prior to dermabrasion and resumed
1week after has been shown to reduce the incidence of milia formation (20). Usually
this is delayed until full re-epithelialization is complete to minimize irritation. In
addition, extensive use of a thick, occlusive moisturizer such as petrolatum may
exacerbate this form of epidermal retention. Again, scarring may occur with any
of these procedures and is usually related to the depth of treatment. Patients with
a history of hypertrophic scar or keloid formation should be treated with caution
only after a test site is treated.

DERMABRASION

Dermabrasion, or skin planing, is a procedure in which skin, particularly the epider-
mis and superficial dermis, is removed in variable amounts. It may be performed
manually with sterile sandpaper or with a mechanical hand engine powering either
revolving diamond fraises or a wire brush. Dermabrasion is a medium to deep
resurfacing procedure (47). In comparing dermabrasion with superpulsed carbon
dioxide laser, there was no difference in rhytid scores at 4 months. Less postoperative
crusting and more rapid re-epithelialization were noted with the dermabrasion-trea-
ted skin (48). Dermabrasion may be performed for treatment of a variety of dermal
and epidermal irregularities (Table 3) (47). Dermabrasion for improvement of a scar,
traumatic or surgical, is best performed within 4–8 weeks of scar formation (Fig. 1)
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Table 3 Indications for Dermabrasion

Acne rosacea
Actinic keratoses
Angiofibromas of tuberous sclerosis
Basal cell nevus syndrome

Chickenpox scars
Chronic radiation dermatitis
Congenital pigmented nevi

Colloid milium
Darier’s disease
Decorative tattoo

Dermatitis papillaris capillitii
Elevated recipient sites of hair transplantation
Favre-Rachouchot syndrome

Fox-Fordyce disease
Hailey-Hailey disease
Hidradenitis supporativa
Hypertrophic scars

Keloids
Leg ulcer
Lentigines

Lichen amyloidosis
Lichenified dermatoses
Linear epithelial nevus

Melasma
Molluscum contagiosum
Multiple pigmented nevi (LEOPARD syndrome)
Neurofibromatosis

Neurotic excoriations
Porokeratosis
Postacne scarring

Postoperative scarring
Pseudofolliculitis barbae
Resistant or chronic acne

Rhinophyma
Scars from discoid lupus erythematosus (if disease is inactive)
Scleromyxedema

Seborrheic keratoses
Smallpox scars
Solar elastosis
Striae distensae

Syringoma, multiple
Telangiectasia
Traumatic scarring

Traumatic tattoo
Trichoepithelioma, multiple
Verrucous nevus

Xanthelasma
Xeroderma pigmentosum

Source: From Ref. 47.
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(49). Scar improvements have been attributed to an increase in collagen bundle den-
sity and size with reorientation of collagen fibers parallel to the epidermis. Also seen
is an upregulation of tenascin expression throughout the papillary dermis and an
increase of the a6b4-integrin subunits on the keratinocytes of the stratum spinosum
(50).

Patient Selection

The cornerstones of good surgical decision-making also apply to this procedure:
proper patient selection, thorough medical history, review of systems, and focused
physical examination. The need to acquire patient past medical history, medication
history, and scarring history has been previously discussed in this chapter. In parti-
cular for dermabrasion, a history of bleeding dyscrasias and=or medications that
affect blood clotting or bleeding time should be reviewed. Some contraindications
for dermabrasion should be kept in mind (Table 4) (51). Adequate preoperative con-
sultation time should be spent to discuss the procedure, its risks, benefits, possible
complications, as well as alternative treatments. The patient should be evaluated
for the possibility of combining dermabrasion with other surgical techniques for
the best cosmetic outcome. For example, removal of ice-pick scars with punch biop-
sies or subcision of broad tethered scars is performed prior to dermabrasion (52).

Figure 1 This patient underwent an A-T closure after a Mohs’ microsurgical cancer excision
over the right temple and forehead. The anterior forehead scar is obvious (left) and was
dermabraded to the deep papillary=superficial reticular layer. After 8 weeks the scar is hardly

noticeable (right).

Table 4 Contraindications to Dermabrasion

History of abnormal wound healing

History of hypertrophic scars
Recent isotretinoin treatment
Deep thermal burns

Congenital ectodermal defects
Chronic radiation dermatitis
Active infection (herpes simplex, human papilloma virus)

Psychosis

Source: From Ref. 51.
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Informed consent should be obtained the day of the procedure before any sedative
medication is given to the patient; this also allows time to discuss any last-minute
questions. Many surgeons perform a dermabrasion test spot near the planned loca-
tion of treatment. This may help assess healing and serves to expose the patient to
the procedure and the necessary postprocedure care required. Nevertheless, the test
site may not be indicative of the final outcome.

Equipment

Equipment varies according to the surgeon’s preference. If using manual abrasion
with sandpaper, medium-grade sandpaper can be obtained from a hardware store,
cut into appropriately sized rectangles (1�2 inches for example), and sterilized.
Many hand engines have been developed over the years that provide various rota-
tional speeds (400–33,000 rpm) and torque choices. Most are electrically powered;
however, some are driven by nitrogen gas and can be cumbersome because of the
need to replenish and store nitrogen gas cylinders. Diamond fraise tips or wire brush
heads secure into the hand engine, often with a choice of direction of rotation. The
choice of tip is operator- and treatment-site dependent. Fraises and wheels vary in
length, diameter, and texture coarseness. Diamond fraises are stainless steel wheels
with industrial-grade diamonds bonded to them (53). In general, the coarser the
tip, the faster it planes and the deeper the penetration. It is imperative to triple check
the insertion and ensure the firm stabilization of the chosen tip in the handle. The
hand piece should be easily maneuverable and the speed of the rotating tip easily
controllable. All equipment should be easily accessible during the procedure and
should be cleaned and sterilized using surgical center protocol. Regular maintenance
of the equipment is vital.

Technique

Preoperative photos are essential for the ultimate evaluation of results as well as for
documentation. The staff should establish a standardized backdrop and series of
facial profiles. The treatment sites should be marked with a skin-marking pen: rhy-
tides and demarcations of cosmetic units will be distorted with injection of local
anesthesia.

The type and extent of anesthetic used depend on the location and extent of
dermabrasion to be performed. If focal dermabrasion is planned, local anesthesia
for infiltration and=or nerve blocks may be sufficient. If a larger area, such as
full-face dermabrasion, is to be performed, conscious sedation may be needed.
Patient monitoring appropriate for the degree of sedation is critical. Local anesthesia
provides many benefits in dermabrading. It tumesces the tissue to provide a firm
surface on which to abrade while epinephrine provides mild, local hemostasis
throughout the procedure. Tumescent anesthesia, as used for liposuction, can also
be readily applied to dermabrasion. This infiltration of saline with dilute lidocaine,
epinephrine, and bicarbonate provides excellent tissue turgidity with an extremely
low risk for lidocaine toxicity while providing excellent hemostasis via compression
and the vasoconstrictive effects of epinephrine. Placing 4�4 gauze pads soaked with
2% lidocaine with epinephrine 1:100,000 with mild pressure onto the skin can aug-
ment hemostasis on treated sites. Some surgeons obtain a firm tissue surface by using
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a cryogenic spray to the skin just prior to dermabrasion. Frigiderm cools the skin to
approximately �408C in 25 s. Care should be taken not to refreeze adjacent areas,
since this will increase the depth of tissue damage (53).

The patient should be comfortably positioned and lighting should be adjusta-
ble. A surgical tray should be easily accessible containing analgesic=anesthetic, dry
gauze 4�4 pads, a basin of 2% lidocaine with epinephrine on 4�4 gauze pads,
and cotton-tipped swab applicators. The hand engine, additional tips, and banda-
ging supplies should also be easily accessible. The patient should be draped to expose
only the treatment site, all hair should be secured and covered, and all jewelry
removed. The patient’s eyes should be covered with gauze or goggles. The skin is
prepped in a sterile manner. Due to the use of a rapidly spinning tip, dermabrasion
often splatters blood (Fig. 2). The physician and staff should have protective cover-
ing according to universal precautions. The staff should wear face shields, gowns,
and gloves. Before the procedure begins, the order of treatment sites should be
planned according to cosmetic units. The assistant should use firm tension to keep
the treatment site stable and taut. The surgeon should be extremely careful not to
catch gauze in the rotating tip. The direction of tip rotation should always be away

Figure 2 The same patient as in figure 1 as the dermabrasion proceeds with a hand engine

diamond fraise.
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from vital structures. The desired depth of treatment is no deeper than the midreti-
cular dermis: scarring is significantly more common with treatments deeper than
this. This correlates clinically with a change in color and texture of the dermal col-
lagen seen while dermabrading. A surgeon should perform dermabrasion under
supervision until this level of depth is firmly established and comfortably recognized.
Hemostasis is achieved through firm pressure with gauze pads soaked with 2% lido-
caine with epinephrine 1:100,000.

Postoperative Care

After reasonable hemostasis is achieved, postoperative photos are taken and the
initial bandage is applied. This again is dependent on the surgeon, but usually con-
sists of a topical antibiotic, a nonadherent dressing, an absorbent layer such as gauze
pads, and a stabilizing outer layer for compression. Skin care while at home should
be reviewed with the patient and also provided in written form. It is often helpful to
have the person who accompanied the patient to the procedure present for these
instructions as well. Appropriate pain medication should be made available to the
patient. The patient should advised to avoid aspirin, products containing acetylsali-
cylate, and nonsteroidal anti-inflammatory medications. Applying icepacks and
recommending that the patient sleep with the head elevated will help to minimize
swelling, throbbing, and pain during the immediate postoperative period. The
patient should perform once or twice daily soaks to the treated site always followed
by a topical antibiotic or other lubricant to keep the area sealed from the drying air.
The patient should be reminded not to leave the treated area open to air. If a crust
does form, the patient should be advised not to pick at it. Keeping the treated skin
moist and free of crust as wound healing occurs is important to ensure proper re-
epithelialization (54). The patient should be scheduled to return to the office within
the first week for evaluation since most patients heal in 7–10 days (47). Further fol-
low-up and return to regular activities may be determined after evaluation of the
treatment site and assessment of patient healing. Sunscreen use should resume as
soon as re-epithelialization is complete; the skin is more sensitive to the sun for 1–2
months following dermabrasion. It is very important that the patient consider that
the physician and office staff are always available for questions or problems. It is
always better to address questions, concerns, and=or complications earlier rather
than later.

Complications

Postoperative edema varies in terms of resolution rates but is often fully resolved 4–6
weeks posttreatment. Occlusive side effects such as milia, rebound oil production,
and acneiform eruptions are often transient and usually respond well to skin care
alterations as previously discussed. Complications such as infections (viral,
bacterial, fungal), hyperpigmentation=hypopigmentation, and persistent erythema
are possible with all resurfacing procedures. Scarring, although also possible with
other treatment modalities, is a particularly significant risk after dermabrasion.
Because the technique is so operator- and experience-dependent with the use of a
powered instrument, one can quickly penetrate too deeply in treatment areas, result-
ing in scarring. Scarring, if it occurs, can be treated with silicon patches, intralesional
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steroids, or pulsed dye laser. It is of paramount importance to prescreen patients and
eliminate those with a history of isotretinoin use in the past year or a history of any
irregular scarring. However, the most difficult complication to overcome is unrealis-
tic patient expectations. This again emphasizes the importance of the initial patient
consultation as well as documentation with photographs.

MICRODERMABRASION

Microdermabrasion uses the concept of dermabrasion friction for removal of the epi-
dermis using small granules circulated over the skin. This tends to be a more super-
ficial treatment that extends, at maximum, into the papillary dermis. The granules
vary depending on the machine and company, but are often aluminum oxide crys-
tals. The speed of circulation over the skin and strength of suction on the skin con-
trol the depth of the procedure.

The concepts of appropriate patient selection, medical history, and evaluation
apply. The patient is prepped and the skin cleansed before treatment as for chemical
peeling. A test site is performed with a mild setting and adjusted according to patient
tolerance. No anesthesia is required for this superficial treatment. As in other resur-
facing modalities, the face is treated in zones, always moving away from vital struc-
tures. As with dermabrasion, it helps to stabilize the skin with firm pressure. Due to
the superficial nature of this treatment, the patient may cleanse the skin, apply
makeup, and resume regular activities immediately following treatment.

The long-term benefits from this treatment have not been firmly established
histologically. Short-term benefits are an immediate soft texture of the skin due to
removal of the rough stratum corneum. However, this texture change reverts within
a month secondary to maturation of keratinocytes. Improvement of fine rhytides
may occur both from the removal of the superficial keratinocytes and as a result
of edema produced by the procedure. Some patients feel that improvement is a tran-
sient phenomenon. Most patients enjoy the slight erythema produced, which pro-
vides a more youthful skin tone than the yellowish hue that occurs with aging.
This change also resolves over the subsequent few weeks. Repeated monthly treat-
ments may also result in lightening of hyperpigmented macules such as ephelides
and lentigines (55,56).

LASER ABLATION

Laser Physics

A laser emits electromagnetic radiation that consists of a stream of photons that tra-
vel in a wave moving at the speed of light. Electromagnetic radiation is ubiquitous
and is the type of energy found in radiowaves, microwaves, infrared, ultraviolet
and visible light, x-rays, and gamma rays (Fig. 3). The only difference between these
types of electromagnetic radiation is the quantity of energy within the photons.
Highly energetic photons have very short wavelengths at very high frequencies
(e.g., gamma rays). Relatively low energy photons have long wavelengths (e.g., long-
wave radio at 1000m—taller than many buildings) at low frequency. Clinical lasers
emit electromagnetic radiation in the infrared, visible, and ultraviolet spectrums
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(Table 5). The lasing material is unique for each type of laser and may be a crystal,
dye, gas, or other. There must be an energy source that stimulates the lasing material
such as a flash lamp, radiation, or electrical current. As the energy source stimulates
the lasing material, the electrons are excited to a higher energy level in a process is
known as population inversion. When the electrons return to their steady-state orbits
they release quantums of energy in the form of photons that travel in phase at a cer-
tain wavelength. They stimulate other electrons to return to their steady state and
release photons (stimulated transition). The photons along the optical axis are
reflected back and forth, causing a cascading effect of energy and photon release.
The light is amplified and a laser beam is produced. Certain lasing materials are
capable of producing more than one wavelength of light.

Figure 3 The electromagnetic spectrum.

Table 5 Lasers and Their Common Clinical Applications

Laser
Wavelength

(nm) Indications

Pulsed=scanning CO2 10,600 Resurfacing; atrophic scars
Er:YAG 2940 Resurfacing; atrophic scars

Long pulsed ruby 694 Hair removal
Long pulsed alexandrite 755 Hair removal
Long pulsed diode 800 Hair removal

Long pulsed Nd:YAG 1064 Hair removal
QS ruby 694 Pigmented lesions; tattoo removal
QS alexandrite 755 Pigmented lesions; tattoo removal

Pulsed dye 510 Pigmented lesions; tattoo removal
QS Nd:YAG

(freq doubled)=KTP
532 Pigmented lesions; tattoo removal

QS Nd:YAG 1064 Pigmented lesions; tattoo removal

Argon-pumped tunable dye 577, 585 Vascular lesions
Flashlamp-pumped dye 585 Vascular lesions; hypertrophic scars
Pulsed Nd:YAG

(freq doubled)=KTP

532 Vascular lesions
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Hundreds of lasers are available throughout the electromagnetic spectrum.
Depending mainly on their wavelength, each laser releases its energy into the tissues
in a unique way. Lasers within the visible spectrum (e.g., argon, KTP) and infrared
(e.g., Erbium:YAG, CO2) cause primarily photothermal injury. Depending upon the
wavelength, the target tissues also absorb the energy in unique ways. The primary
tissue constituent that absorbs the laser energy is termed the chromophore. The prin-
cipal chromophores in tissue are water (CO2), melanin (argon, KTP), and hemoglo-
bin. The color of the target may be the primary attractor of the laser energy. This
characteristic is especially useful in tattoo removal. The process of obliterating
unique targets (chromophores) within the tissue using a laser is called selective
photothermolysis (7). The absorption length of a laser is another critical factor in
its effect upon the target tissue. This relates to the depth of the thermal injury that
is caused by the laser pulse.

The most basic characteristic of any particular laser (its energy output into the
target tissue) is influenced by the power of the laser, the spot (treatment) size, and
duration of treatment (dwell time). Laser power is equivalent to laser watts (joules
(J)=s). Power density incorporates laser power and spot size and is expressed as fol-
lows:

watts

cm2
or

J=s

cm2

Fluence, a critical measure of laser energy, incorporates dwell time into the
equation:

watts� sðdwellÞ
cm2

� Fluence � J

cm2

Fluence (J=cm2) measures the total amount of energy delivered to the target tis-
sue on a pass or pulse of a laser beam. Although, for a given spot size, equivalent
laser energy can be delivered by varying the power (watts) and dwell time, the dwell
time is the critical factor in the clinical usefulness of the laser for safe and effective
resurfacing. If the dwell time is prolonged, there will be significant charring and ther-
mal damage to the tissue leading to deep injuries and scarring.

All laser energy, once absorbed, is converted into heat. This heat is what
injures the tissue through a process called photothermolysis. The heat spreads
within the tissues under the laser spot in proportion to the total energy delivered,
absorption length, and, perhaps most importantly, dwell time. The tissues sur-
rounding the area of primary photothermolysis (target tissue) will cool sufficiently
to prevent the conduction of heat if the duration of the laser pulse is sufficiently
short and the time between pulses is sufficiently long. The heat diffuses away by
a process called thermal relaxation (time for tissue to lose 50% of its heat). If
the laser pulse or dwell time is of short duration (less than the thermal relaxation
time [TRT]), heat conduction and surrounding tissue injury will be minimized.
A target chromophore with a long TRT allows the energy or fluence to be deliv-
ered over a longer pulse duration for target destruction while minimizing the ther-
mal bleed into the surrounding nontarget tissue. Delivering laser energy to a target
chromophore using a pulse duration or dwell time exceeding the TRT of the target
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produces thermal bleed (heat dissipation) that results in less peak energy available
for target destruction and unwanted damage to the surrounding nontarget tissue.
To ablate the target tissue it must be heated and vaporized. This requires a critical
energy delivery and power density (critical power density). If an attempt is made to
ablate tissue at less than the critical power density, a paradoxical increase in tissue
damage may result due to excessive heating (energy usually released with
vaporization).

To limit the injury to the target tissue, the thermal effects of the laser must be
minimized. Tissue vaporization with minimal thermal spread of energy is ideal and
can only be accomplished by severely limiting the dwell time. To achieve this, a
high-energy–short-duration laser pulse or beam must be generated. For example,
a fluence of at least 5 J=cm2 must be achieved to vaporize a layer of skin during
facial resurfacing (57). This energy must be delivered in less than 1ms to prevent
spread of thermal injury to nontarget surrounding tissue. This requires a high-
energy laser specifically designed for resurfacing. For example, a laser that delivers
a 50mJ pulse under 1ms with a spot size of 1mm will have a fluence of 5 J=cm2.
Usually, the spot sizes are much larger (on the order of at least 3mm2) requiring a
pulse energy of at least 400mJ. There are several types of lasers for clinical use
with a seemingly endless number of configurations. Pulsed and scanning type lasers
are most useful for facial resurfacing. The key characteristic of most of the clinical
lasers is the ability to deliver a very short pulse of a high-energy beam. This is
accomplished in several ways including using a laser with a high energy burst cap-
ability and quality (Q)-switching mode. Q-switching is used to produce very short
(nanoseconds) bursts of energy from a laser. A device within the optical chamber of
the laser diffracts light and allows the stimulated emissions to reach very
high levels of energy. The energy is then released in short repetitive bursts (laser
pulse).

To choose the correct laser, several factors must be considered. These
include the laser’s primary chromophore, absorption length, and power density.
For facial laser resurfacing, the desirable chromophore is water and the most
common lasers used are the CO2 and Erbium:YAG. The absorption length of
the CO2 laser is significantly greater than the Er:YAG and its depth of penetra-
tion and thermal effects are significantly enhanced. Both deliver sufficient power
but their thermolysis capabilities differ. The CO2 has a much greater potential
for photothermolysis. A CO2 laser can be operated in a superpulsed mode to
minimize its thermal destructive effects. This mode delivers such high energy in
such a short time that it vaporizes tissue into a plume by more of a photomecha-
nical effect than a purely photothermolysis effect. Nevertheless, some thermal
effect to the nontarget (deeper) tissue is desirable to achieve hemostasis and col-
lagen tightening.

The CO2 laser beam is collimated and the energy is dispersed over the skin sur-
face in a gaussian distribution. The center of the beam (spot) contains the highest
energy, with a fall off of energy toward the periphery. For this reason, there should
be a slight overlap of the beam when treating adjacent areas (approximately 10%) to
attain a more uniform treatment pattern. Some pulsed CO2 lasers (e.g., Novapulse)
create a beam that has a uniform fluence across the width of the beam. No overlap is
necessary with these types of lasers. In addition, no overlapping is necessary with the
scanning lasers.
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Facial Resurfacing

Two wavelengths and types of lasers are in common use for facial resurfacing:
erbium doped yttrium aluminum garnet (Er:YAG, 2940 nm) and the pulsed carbon
dioxide (CO2, 10,600 nm). The chromophore for these lasers and for any laser used
for facial resurfacing is water. Most commonly, either laser is used alone to resurface
the face and neck; however, each has beneficial effects and using both lasers in a sin-
gle session is becoming more common. The Er:YAG is generally considered the more
gentle of the two and is associated with a shorter time to re-epithelialization and less
pain. However, it is less effective in most surgeons’ hands in smoothing and tighten-
ing the skin than the CO2 laser.

The depth of injury achieved with a laser is less than that achieved with a deep
chemical peel. The depth of laser injury is comparable to a medium-depth trichlor-
oacetic acid chemical peel (57). Nevertheless, the clinical improvement noted with
the laser is comparable to a deep chemical peel. The laser is able to achieve these
results due to the controlled conduction of heat beyond the zone of tissue injury
and vaporization resulting in significant collagen shrinkage, remodeling, and skin
tightening. Despite achieving similar results, the laser is associated with fewer
adverse events than deep chemical peeling, including scarring and permanent hypo-
pigmentation. The depth of injury per pass at the threshold fluence to ablate tissue
using an Er:YAG laser is considerably less than a CO2 laser. A CO2 laser vaporizes
approximately 50 mm tissue with a residual depth of thermal injury of approximately
100 mm. The Er:YAG resurfacing laser vaporizes 5 mm tissue with a residual depth of
thermal injury of less than 20 mm.

Fitzpatrick et al. described three distinct zones of injury within the skin after
laser resurfacing (58). The first is the zone of direct interaction in which there is tissue
vaporization. The second is the zone of irreversible thermal damage in which there is
tissue necrosis. The third is the zone of reversible thermal damage in which there is
collagen shrinkage and remodeling. The third zone is probably responsible for the
long-lasting skin-tightening effect noted after CO2 facial resurfacing. The first two
zones are responsible for skin smoothing and elimination of epidermal and dermal
lesions and pigment irregularities.

Facial resurfacing is safe because re-epithelialization occurs with a low inci-
dence of scarring. Re-epithelialization occurs by virtue of the skin appendages and
is more reliable and rapid in areas with a greater concentration of skin appendages.
Therefore, facial resurfacing is relatively safe compared to resurfacing other parts of
the body, including the neck, that possess fewer appendages. Conventional laser res-
urfacing should be limited to the face. Regions of the face that tolerate deeper res-
urfacing include the cheeks, chin, forehead, and perioral areas. So-called light
resurfacing, especially with one or two passes of an Er:YAG laser, is safe for the
neck. When treating the face, a sharp demarcation is undesirable; therefore, light
feathering of the laser over the mandible and into the neck can safely be done. Res-
urfacing skin in areas with fewer appendages should be performed using significantly
less laser energy.

Preoperatively, a thorough medical and surgical history is obtained including a
history of prior facial surgery and medications. Prior resurfacing procedures includ-
ing laser, chemical peeling, or dermabrasion may predispose the patient to delayed
wound healing and scarring. Prior blepharoplasty will predispose the patient to
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lower eyelid malposition after laser resurfacing. Use of isotretinoin (Accutane)
within the last year has been associated with an increased incidence of hypertrophic
scarring after resurfacing. Accutane use within the last 6 months is an absolute con-
traindication to resurfacing. A history of facial herpetic infection is noteworthy but
is not an absolute contraindication. Smoking is discouraged and may be associated
with delayed healing. Prior therapeutic radiation or collagen skin diseases usually
preclude resurfacing.

Indications

Skin resurfacing with a pulsed or scanned CO2 laser is used mostly for improvement
of fine or moderate rhytides and dyschromias (Fig. 4). Although deeper rhytides also
may be improved, other procedures such as autologous fat transplantation, Gore-
Tex=other implantation, or surgical lifting can be used to provide additional benefit.
Dyschromias, including solar lentigines, often are improved with laser resurfacing,
although they generally are not regarded as a primary indication for treatment.
Improvement of melasma has been reported although the recurrence rate after laser
resurfacing is high.

Laser resurfacing may greatly improve atrophic scars caused by acne, trauma,
or surgery (Fig. 5). Deeper pitted acne scars often require ancillary procedures for

Figure 4 This patient’s primary presenting complaints were uneven pigmentary changes
(dyschromia) and mild rhytidosis (left). These are ideal indications for laser resurfacing and
she underwent CO2 laser full face resurfacing. Approximately 3 months later (right) her skin is

smooth and of uniform color.
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optimal results such as excision or punch grafting. These procedures can be per-
formed either prior to or concomitant with CO2 laser resurfacing.

Other conditions that have been shown to respond favorably to laser resurfa-
cing include rhinophyma, severe cutaneous photodamage (seen in Favre-Racoucho
syndrome), sebaceous hyperplasia, xanthelasma, syringomas, actinic cheilitis, and
diffuse actinic keratoses. The CO2 laser was used more often in the past for tattoo
removal (in conjunction with dermabrasion); however, its use for this purpose has
been largely abandoned due to the availability and efficacy of pigment lasers.

Preoperative Preparation

Preferences for skin preparation for laser resurfacing vary among surgeons. Often no
specific preparation is done except perhaps an antibacterial facial wash the night
prior to surgery. Pretreatment with tretinoin (Retin-A) has been shown to improve
wound healing in animals and to lessen the depth of injury after laser treatment (59).
Tretinoin cream (0.025%) applied nightly for at least 14 days prior to the procedure
improves healing and postoperative recovery (58). Pretreatment with hydroquinone
solution (4%) may be beneficial in patients with darker skin to prevent postoperative
hyperpigmentation. However, a study by West et al. refutes the effectiveness of
hydroquinone in preventing postoperative hyperpigmentation (60). Perioperative
antibiotics and antiviral medication (famciclovir) are administered. Famciclovir is
best administered 125mg twice daily in patients with no history of HSV infection

Figure 5 A full-thickness skin graft was placed over a Mohs’ microsurgical defect on the
upper lateral nasal dorsum. The grafted area was obvious and distressed the patient. The

appearance of the graft 8 weeks after placement is shown (left). An Er:YAG resurfacing laser
was used to ablate the skin over the graft and onto the surrounding skin of the nose and
medial cheek. The skin was ablated to the deep papillary=superficial reticular layer. Six weeks

after treatment the scar is not noticeable (right).
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and 250mg twice daily in those with a history of HSV infection (61). On the day of
surgery, the face is prepped with dilute povidone–iodine and rinsed with normal
saline. The procedure may be done under a general anesthetic or with local sedation
and nerve blocks (mental, infraorbital, supraorbital). Resurfacing with a CO2

laser can be painful and sedation is best administered by an anesthesiologist.

CO2 Laser Resurfacing

David et al. first reported use of the CO2 laser for cosmetic facial resurfacing in 1989.
They used a conventional laser in a defocused mode to ablate the superficial layers of
skin. The precise amount of thermal energy delivered in this manner was unknown
but the technique produced results similar to a deep chemical peel. This system was
difficult to control and a uniform distribution of thermal energy across the skin sur-
face was difficult to achieve. In addition, prolonged dwell times with this free hand
approach were common, leading to deep thermal damage and scarring. In the 1990s,
Coherent Medical, Inc. (Palo Alto, CA) and Sharplan Laser, Inc. (Allendale, NJ)
produced resurfacing lasers with high-energy output and very brief dwell times.
The Coherent Ultrapulse laser produces short pulses of high energy sufficient to
vaporize tissue (> 5 J=cm2) with a dwell time of less than 1ms. The Sharplan
Silktouch (scanning) laser produces a continuous wave laser beam that sweeps across
the tissue to keep the dwell time under 1ms.

A variety of CO2 skin resurfacing lasers are marketed that either produce short
intense pulses of light or are designed to emit a continuous laser beam that is rapidly
scanned over the target tissue. The dwell time for each of these types of lasers is
< 1ms while the fluence achieved with each pulse is close to 5 J=cm2. These lasers
have microprocessors that configure the manual settings of watts, repetition rate,
and spot size so that the dwell time and fluence are maintained at the appropriate
levels. The user need only follow the manufacturer’s directions to remain within
the parameters for effective and safe resurfacing. Although the settings on different
lasers may be adjusted to achieve apparently equivalent energy outputs, the ultimate
tissue effects may be different. It is best that the surgeon become familiar with a par-
ticular machine so that consistent results are achieved. To aid the surgeon in consis-
tent technique a computerized pattern generator (CPG) is available. The CPG
creates a patterned treatment area with a predetermined overlap so that freehand
manipulation of the laser beam is minimized. The surgeon need only move the
CPG-controlled unit to adjacent areas and deliver the pulses. No synchronous move-
ment on the surgeon’s part is necessary.

The tissue effects of a laser and clinical outcome are somewhat variable
depending upon the preoperative preparation of the face, the laser used, whether
it is pulsed or scanning, the unique delivery method of the surgeon, the parameters
initially set on the machine (watts, spot size, etc.), whether debris is removed between
passes, the number of passes with the laser, and postoperative care. Observation and
experience are important factors in achieving consistent results. With the available
aids to uniform delivery (CPG) and a relatively wide margin of safety compared
to deep chemical peels, laser resurfacing is a relatively safe and effective tool in
most hands. The average tissue ablation during the first pass of a CO2 lasers approxi-
mates 20–60 mm. After two or three passes the residual thermal damage (depth) is
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approximately 100 mm. The appearance of a yellowish color indicates entrance into
the upper reticular dermis, which signifies the endpoint of treatment.

The largest difference with respect to energy delivery between the clinically
available lasers for resurfacing is whether they are pulsed or scanning. Weisberg et
al. studied pulsed and scanning lasers and their histological effects on in vitro human
an in vivo porcine skin samples (62). They performed up to five passes with a scan-
ning or short-pulsed CO2 resurfacing laser. Tissue shrinkage (tightening), depth of
thermal injury, the critical fluence needed for clinical effect, and the effects of tissue
debridements between passes were studied. Maximal tissue shrinkage per pass was
seen with the scanning laser (Sharplan Silktouch) at a fluence of 5.9 J=cm2 and with
the pulsed laser (Coherent Ultrapulse) at a fluence of 2.5 J=cm2. The depth of ther-
mal injury was maximal at 77 mm with the scanning laser at a fluence of 9 J=cm2 and
25 mm with the pulsed laser at a fluence of 3.5 J=cm2. Tissue debridement between
passes resulted in increased shrinkage and decreased fluence required for the thresh-
old tissue effect. Lowering the amount of energy delivered to the tissue minimizes the
morbidity of CO2 laser resurfacing, just so that it remains above the threshold flu-
ence for tissue ablation. This study supports the contention that the pulsed laser
causes less thermal injury than the scanning laser to achieve maximal tissue shrinkage.

Er:YAG Laser Resurfacing

The pulsed Er:YAG laser was introduced into the United States in 1996. This laser
emits an infrared light with a wavelength of 2940 nm: near the peak absorption of
water. The laser light is absorbed so efficiently that the depth of penetration into
the tissue is only approximately 5 mm compared to 25 mm for the CO2 laser. More
importantly, the zone of thermal injury beyond the area of vaporization is much nar-
rower: between 20 and 50 mm (63). Compared to a CO2 laser, which is the only other
type of laser that is commonly used for facial resurfacing, the Er:YAG laser pro-
duces much less tissue injury with each pass, especially with respect to the thermal
spread of energy. In fact, there is so little thermal injury that collagen shrinkage
and hemostasis are negligible. Without significant collagen shrinkage and hemostatic
effect, the Er:YAG laser, while being an excellent photomechanical resurfacer, is less
effective in initial ease of use (excesssive bleeding) and long-term elimination of rhy-
tides and skin laxity. However, because of the negligible thermal effects, healing time
(time to reepithelialization) and pain are significantly less than the CO2 laser.

Er:YAG laser resurfacing is useful for a variety of epidermal and superficial
dermal benign lesions as well as for many patients with photoaging including mild
to moderate rhytidosis. Moderate-to-severe photodamage and deeper benign dermal
lesions are best treated with the CO2 laser. For routine laser resurfacing in the appro-
priate patient, the Er:YAG laser is effective and can be done with relatively little
patient discomfort under local anesthesia with sedation. Healing is rapid and pro-
longed erythema is rare. Nevertheless, most patients will achieve a superior cosmetic
result after CO2 laser resurfacing, albeit with a slightly higher risk of complications
and a relatively extended period of re-epithelialization. On average, a single pass of an
Er:YAG laser results in a depth of tissue ablation of 10–20 mm. Approximately three
passes are necessary to ablate the entire epidermal layer (100 mm). Fluence correlates
with the depth of tissue ablation more precisely with the Er:YAG laser than with the
CO2 laser. In addition, since the energy from the Er:YAG is much more efficiently
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absorbed in the target chromophore (water) and the zone of thermal spread of
energy is so small, the mechanism of tissue ablation is more photomechanical than
photothermal. In fact, during resurfacing, the debris is thrown off the skin surface
so quickly that the particulates actually reach supersonic speeds, creating a distinct
popping sound with each laser pulse. The endpoint of resurfacing with an erbium
laser is generally signaled by the appearance of punctate bleeding indicating entrance
into the papillary dermis. Deeper resurfacing is possible but is impeded by the blood.

Combining the advantages of Er:YAG laser resurfacing (precise ablation, little
thermal damage, rapid re-epithelialization) and CO2 laser resurfacing (deep ablation
with fewer passes, hemostatic effect) is a recent advance. Blended CO2=Er:YAG
lasers (Derma-K or ESC Sharplan) are available for this purpose. The Er:YAG is
often a typical short pulsed laser and the CO2 is either a typical short-pulsed laser
or a continuous-wave laser that is relatively long-pulsed and subablative. The usual
reason to combine these resurfacing modalities is to speed the rate of re-epitheliali-
zation by minimizing the thermal injury caused by the CO2 laser. This is achieved by
removing or minimizing the zone of thermal damage caused by traditional CO2 laser
resurfacing. CO2 laser resurfacing followed by Er:YAG resurfacing is reported to
reduce discomfort and speed re-epithelialization because the Er:YAG removes the
majority of the zone of thermal damage left behind by the CO2 laser (64). Er:YAG
resurfacing followed by a single pass of a CO2 laser is also reported to decrease
patient discomfort and time to re-epithelialization (compared to CO2 resurfacing
alone) while achieving adequate thermal injury to efface rhytides and tighten the
skin. Histological examination of the treated skin reveals that thermal injury is less
compared to the use of the CO2 laser alone to achieve similar depths of ablation (65).
Another significant advantage to combined-modality resurfacing is the ability of the
treating surgeon to tailor easily the amount of thermal energy delivered to different
areas of the face, depending on the lesions present and skin thickness.

Further advances in the field of laser resurfacing include the utilization of
longer-pulsed Er:YAG lasers and nonablative laser resurfacing. The long-pulsed
Er:YAG laser produces a beam with a dwell time longer than the TRT of the target
chromophore (water). As a result, there is purported to be a greater zone of thermal
damage, better hemostasis, collagen shrinkage, and skin tightening. The long-pulsed
(10ms) Er:YAG laser has been shown to produce greater thermal damage in the der-
mis than the traditional short-pulsed (350 ms) version (66). The variable-pulsed
Er:YAG laser is reported to achieve similar clinical results to the short-pulsed
CO2 laser with a risk profile similar to the short-pulsed Er:YAG (67). Nevertheless,
the clinical evidence to support the contention that long-pulsed Er:YAG lasers can
achieve similar results to the short-pulsed CO2 with fewer adverse events is still lack-
ing. It is likely that the risk profile is similar when the zone of thermal damage is
equivalent.

Nonablative resurfacing is an option for patients with no need for removal
of epidermal and dermal lesions but who desire an improvement in mild-to-moderate
rhytidosis. Collagen breakdown and remodeling—the processes associated with skin
smoothing, tightening, and wrinkle effacement—are possible without ablating
the epidermis. The target chromophore in most nonablative resurfacing is
oxyhemoglobin, primarily within the dermis. Histological changes within the dermis
after nonablative resurfacing are similar to traditional ablative resurfacing. The
mechanism by which this occurs is unknown but may be related to the release of
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cytokines and inflammation leading to collagen breakdown and reorganization. The
epidermis is protected by surface cooling and targeting the deeper dermal microvas-
culature. Laser wavelengths useful for nonablative resurfacing include lasers within
the visible light spectrum: 532 nm (green), 585 nm (yellow), and lasers within the
infrared spectrum: 1320 nm (infrared) and 1450 nm (infrared). The target chromo-
phore for the visible light lasers is oxyhemoglobin and the target for the infrared
lasers is water. Although superficial lesion ablation is not done, certain pigmented
and vascular lesions are improved with nonablative resurfacing including facial tel-
angiectasias. Reports using the 532 nm (2ms pulse duration) Nd:YAG laser indicate
a significant improvement in mild-to-moderate rhytidosis and acne scarring with a
high safety profile (68).

Postoperative Care

Immediately after ablative resurfacing, cool gauze saturated with topical lidocaine is
helpful to relieve the stinging. The famciclovir is continued for 7–10 days until re-
epithelialization is complete. Continuation of oral antibiotics is not necessary and
may lead to the development of resistant pathological bacteria. Wound care consists
of either an open technique or a closed technique. An open technique of wound care
allows wound seepage and mild debridement while maintaining a moist environment
suitable for re-epithelialization. The patient is instructed to debride accumulated
crusts gently using a very dilute vinegar solution or a gentle water wash (shower) fol-
lowed by copious application of petrolatum jelly until re-epithelialization is complete.
Frequent wound checks and debridement are done in the office until the wound is
healed. Numerous occlusive creams are available (e.g., Aquaphor, topical vitamin
E, aloe vera) but petrolatum jelly is nonreactive and contact dermatitis is not seen.

A closed technique of wound care entails placing an occlusive dressing over the
resurfaced skin for at least 24 h postoperatively. Closed dressings may be used up to
3 days postoperatively. Numerous methods are described but, in general, once the
occlusive dressing is removed an open technique is used until re-epithelialization is
complete. Purported advantages of the closed technique include less postoperative
pain and shortened time to re-epithelialization. Batra et al. used a silicone occlusive
dressing and found that it significantly reduced erythema, swelling, and crusting
compared to the open technique. The eventual outcome remained unchanged (69).
Newman et al. found that with a closed dressing technique there was a reduction
in crusts, itching, erythema, and pain. No difference was found between the open
and closed techniques with regard to the rate of re-epithelialization (54). Regardless
of technique, after re-epithelialization is complete, a moisturizing cream is prescribed
(e.g., Eucerin, Biersdorf, Norwalk, CT.) along with sunscreen.

Complications

Complications are rare after laser resurfacing and include laser fire, inadvertent
organ injury, infection, scarring, prolonged erythema, hypopigmentation, and
hyperpigmentation. Laser precautions are of paramount importance to prevent laser
fires and inadvertent injury. Laser-safe goggles worn by the treating staff and
patient are essential. Appropriate preparations such as signage and securing the
operating suite should be undertaken by the ancillary staff. Laser-safe metallic
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corneal protectors are useful when treating the periocular areas. Minor infections
include acne exacerbation and milia. These conditions are best treated with topical
retinoic or glycolic acid or mild mechanical debridement. Fungal, bacterial, and her-
petic infections are more serious but can be controlled with appropriate treatment.
These infections occur during the process of re-epithelialization. Antiviral medica-
tions (famciclovir) should be continued until re-epithelialization is complete (at least
5 days postoperatively). Without antiviral prophylaxis, herpetic infections (HSV
types I and II) occur in up to 9% of cases (61). If an HSV infection occurs despite
prophylaxis, the antiviral medication should be continued for at least 14 days at an
increased dosage.

Fungal and bacterial infections are more common in those treated with the
closed dressing technique and those undergoing full face resurfacing. Pseudomonas
aeruginosa is the most commonly found agent, followed by Staphylococcus aureus,
S. epidermidis, and Candida species (70). Candida fungal infections are more com-
mon in those with chronic or recurrent vaginal yeast infections. Yeast infections
are best treated with topical antifungals (e.g., clotrimazole) in conjunction with oral
fluconazole.

Contact dermatitis is most often due to an applied wound emollient including
an antibiotic ointment (Bacitracin or Neomycin), sunscreens, or steroid creams.
Patients are especially vulnerable during the re-epithelialization phase. Erythema is
expected and will resolve in the majority of patients within 6 months: a shorter per-
iod of resolution is expected after Er:YAG laser resurfacing. Topical hydrocortisone
cream applied twice daily is useful to hasten resolution.

Hypertrophic scarring is fortunately rare, occurring in less than 1% of cases. It
is most often seen in the neck, perioral, and mandibular line areas. The depth of the
laser injury in these areas is most closely associated with scarring. Treatment includes
topical and injectable steroids. Treatment with a vascular 585 pulsed dye laser, sili-
cone gel, or silicone sheets can also be helpful.

Hyperpigmentation is seen with increasing frequency in darker-skinned indivi-
duals, usually occurring within 4–6 weeks postoperatively. This condition often
resolves spontaneously but topical application of retinoic or glycolic acid is helpful
to hasten resolution. Topical application of hydroquinone (5%) is effective for recal-
citrant cases and its routine use should be considered in darker-skinned individuals.
Hypopigmentation is rare and often not apparent for several months postopera-
tively. This condition is probably related to damage to melanocytes and may be
permanent.

Hair Removal

The laser has made hair removal a more tolerable procedure than traditional meth-
ods such as electrosurgical epilation and waxing (71). It is also more effective than
the traditional methods even though it rarely achieves complete and permanent hair
ablation. The only nonlaser method that compares favorably is intense pulsed-light.
This method utilizes a xenon flashlamp with optical filters to produce a multiwave-
length light (550–1200 nm).

The chromophore for laser hair removal is melanin and the ideal wavelength
for achieving destruction of the hair follicle, considering the need for an adequate
depth of penetration of the laser energy, is 700 nm (72,73). Pulse duration is also
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an important determinant of efficacy. Photomechanical destruction of the hair folli-
cle has been attempted using very short (ns) pulses of laser light. Although a portion
of the hair follicle is disrupted, few permanent or long-lasting effects are demon-
strated. However, Q-switched lasers have been demonstrated to cause hairs in the
anagen phase to switch to telogen and shed. Therefore, using lasers in this mode, hair
loss is proportional to the quantity of hairs in anagen (74). Although the TRT of
melanin is short (< 1ms), pulse durations considerably longer must be used. This
is apparently because the true TRT of the hair follicle is longer and the thermal
energy must be transferred from the melanin to the hair stem cells. The concept of
thermal damage time was proposed to explain this phenomenon. It is the time
required for the laser energy to diffuse from the treated hair to the hair stem cells.
Destroying stem cells is the key to ensuring permanent hair removal. This time
requirement ranges from 170 to 1000ms (super-long pulses). However, it was found
that higher fluences with pulse durations near 1000ms cause greater pain and com-
plications (75). Most hair removal lasers are used with pulse durations in the 2–50ms
range. The shorter pulse durations are better tolerated and few complications are
reported using these parameters. The tradeoff may be, however, that laser hair
removal is temporary and often incomplete. Although it is generally believed that
hair clearance is more effective if the hairs are treated during their anagen phase,
it may make little difference using the long pulse systems.

Several lasers designed for hair removal are in common use including the ruby
laser (694 nm), alexandrite laser (755 nm), diode laser (800 nm), and Nd:YAG laser
(1064 nm). Multiple treatments are usually necessary to achieve near-complete hair
removal. Approximately 50% hair clearance is achieved at long-term follow-up (6
months). Ideal candidates are those with light skin (Fitzpatrick I–III) and dark or
black hair. Some areas of the body are particularly resistant to treatment including
the male face (beard) and pubic area.

The technique of laser hair removal is simple and can be performed by ancillary
personnel. Laser safety protocols should be strictly adhered to. If the patient is
tanned in the area to be depilated, the treatment is delayed to allow for lightening.
If the patient has a history of herpes infections, then prophylaxis is given. The area is
shaved or the hairs are trimmed to 1–2mm the day before. Topical 5% lidocaine or
EMLA cream is useful over the treatment area. All laser hair removal systems have
an accommodation that allows cooling of the epidermis, often as an integral part of
the laser wand (cooling tip). Overlapping treatment areas is avoided. Although a lar-
ger spot size is more convenient for the operator, larger spot sizes tend to be more
painful (76). Multiple sessions are required to achieve apparent near-complete hair
clearance. No commonly used hair removal laser is significantly different from
another, except that the Nd:YAG laser, although less effective, is considered safer
in dark-skinned patients.

Long-pulsed Ruby (694 nm)

The ruby laser is one of the most commonly used lasers for hair removal. It works by
inducing telogen in the treated hair follicles followed by shedding and miniaturiza-
tion (77). The recommended pulse duration is approximately 3ms. Epidermal skin
reactions tend to be more severe with shorter pulse durations. Increasing the pulse
duration up to 20ms was found to be safe and effective even for dark-skinned
patients (78).

984 Johnson and Bradley



In a consecutive series of 346 patients, Chana et al found in using a ruby laser
with a mean power setting between 8.6 and 15.7 J that there were few complications,
mostly in patients with Fitzpatrick skin types V and VI (79). Pigmentary changes and
blistering (mostly temporary) were seen. At 1 year follow-up, a 55% reduction in
hair density was found with a median hair-free interval of 8 weeks (median number
of treatments¼ 4).

Long-pulsed Alexandrite (755 nm)

The alexandrite laser is also a commonly used hair removal laser, most often used
with a 3ms pulse duration with fluences ranging from 20 to 50 J=cm2 depending
on skin type. The degree of hair clearance is proportional to fluence. Patients with
lighter skin types are able to tolerate higher fluences and greater hair clearance. In
a study by Eremia et al. there were no long-term complications in 89 patients (492
treatments) (80).

Long-pulsed Diode (800 nm)

The diode laser (12.5–25ms pulse duration, 25–40 J=cm2) was found to be equivalent
to the alexandrite laser (2ms pulse duration, 25–40 J=cm2) in treating the axillary
areas with minimal complications (81). Rogachefsky et al. used a modified diode
laser (810 nm, 200–1000ms super long pulse duration) to study the theory of thermal
damage time. This laser was effective in safely removing hair even in dark-skinned
patients (75). Lasers with super long pulse durations are rarely used but probably
deserve further consideration, especially for patients with dark skin.

Long-pulsed Nd:YAG laser (1064)

The Nd:YAG laser (1064 nm) is more deeply penetrating and possesses a wavelength
outside the peak absorption of melanin compared to the usual hair removal lasers.
Nevertheless, this laser is useful in hair follicle destruction and is associated with
fewer side effects because laser energy absorption by epidermal melanin is negligible.
When used in its short-pulsed mode (Q-switched mode), an exogenous chromophore
is applied to the hair follicles to encourage targeted thermal destruction. A carbon
suspended in paste is applied to the skin and allowed to penetrate the hair follicle
prior to treatment. When the laser is used in a long pulsed mode (50ms) a carbon
paste is not used. Alster et al. treated a series of dark-skinned patients with a long
pulsed Nd:YAG laser (50ms pulse duration, three treatments). At 12 months they
observed a 70–90% clearance of hair. Adverse effects included mild-to-moderate
pain during treatment and temporary pigmentary changes. Their conclusion was
in agreement with other authors: the Nd:YAG laser is safe and effective for patients
with dark skin (82).

Complications

Complications associated with laser hair removal are usually mild and temporary.
Patients with light skin and dark hair are least likely to experience adverse effects.
Complications include prolonged erythema, epidermal vesicle formation and crust-
ing, and hypo- or hyperpigmentation. Scarring and pigmentary changes are most
concerning. Fortunately, scarring is very rare but may result with high fluences in
dark-skinned patients. Hypopigmentation is most often temporary due to the sup-
pression of melanogenesis.
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Pigmented Lesions

The chromophores for pigment-treating lasers are melanin and exogenous pigment
(tattoo ink). As noted, melanin (within the hair follicle) is also the target chromo-
phore for lasers that specialize in removing hair. The ruby, alexandrite, and
Nd:YAG lasers, commonly used for hair removal, are also used as pigment lasers.
The fundamental difference between a pigment laser and a hair removal laser is pulse
width. Highly energetic short pulse widths (ns) are useful in photoacoustically dis-
rupting melanin, melanosomes, and exogenous pigment. Longer pulse widths
(> 10ms) are useful in the photothermal disruption of the hair follicle. Pigment
lasers utilize short pulse widths that are less than the TRT of melanin. Hair removal
lasers utilize pulse widths greater than the TRT of melanin and less than or equal to
the TRT of the melanin–hair follicle framework. The short (several nanosecond)
pulses of pigment lasers are produced mainly through Q-switching.

Typical pigment lasers include the red light lasers (QS ruby 694 nm and QS
alexandrite 755 nm), green light lasers (pulsed dye laser 510 nm and QS Nd:YAG
532 nm), and near infrared lasers (Nd:YAG 1064 nm). Typically, multiple treat-
ments are needed to clear pigmented lesions. The red light lasers are moderately
deeply penetrating and are useful for lesions that involve the deep dermis including
various nevi (e.g., blue), solar lentigines, and the nevus of ota (oculodermal mela-
nocytosis). Nevus of Ota is a bluish lesion that is often widespread over the face.
Most often found in Asian patients, the birthmark is due to overproduction of
melanocytes within the dermis. Although rare, malignant melanoma may arise
within nevus of Ota. More commonly, nevus of Ota is associated with melanoma
arising in the eye and central nervous system (83). There are so few cases of mel-
anoma arising within nevus of Ota that the effect of laser ablation on risk is
unknown.

The green light lasers are less penetrating and are most effective in treating
superficial lesions, mainly within the epidermis. Lesions treated effectively includ-
ing seborrheic keratoses and freckles. Lasers with wavelengths in the near-infrared
spectrum are more deeply penetrating but relatively poorly absorbed by melanin.
Near-infrared lasers, like their hair-removing cousins, may be safer in clearing pig-
ment in darker-skinned patients. Due to its long wavelength, an infrared pigment
laser can more deeply penetrate the skin. It is effective in clearing nevus of Ota
and is sometimes used in combination with a red light laser, although such a com-
bination has been associated with an increased incidence of hypopigmentation
(84).

Removal of Professional and Amateur Tattoos

Tattoo removal, including tattooing for radiation therapy planning, is an increas-
ingly popular request. Traditional methods of removal, including excision and
mechanical abrasion, have been largely supplanted by laser ablation. Tattoo ink is
not easily removed because it resides deep within the dermis. The ink particles are
predominantely found within perivascular dermal fibroblasts (85). Attempts to
remove the ink mechanically will result in scarring. Laser light is meant to disrupt
the pigment granules so that inflammatory cells including macrophages subsequently
clear them.
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Laser ablation requires several treatments and often results in incomplete tat-
too removal. Professional tattoos are more difficult to remove due to the types of
dyes used and their depth and density (most important) within the dermis. The den-
sity of the pigment granules is probably the main reason. A laser beam of a particu-
lar wavelength targets specific pigments within a tattoo causing their fragmentation.
The TRT of pigment is quite short. Therefore, to confine the laser energy to the tar-
get pigment, very short (ns) high-energy pulses are required. Q-switched lasers are
used for this purpose. Successful clearing of a particular color is wavelength depen-
dent. Fluence should be sufficient to fragment the pigment. Sufficient fluence is pre-
sent clinically if there is immediate pallor or whitening without blister formation.
Spot size is proportional to beam penetration.

The target chromophore is the pigment within the tattoo. The absorption of
energy by the pigment is dependent upon its color. For example, black ink absorbs
laser energy in wavelengths that encompass the entire visual spectrum. Therefore, a
laser with a wavelength within the visual spectrum (400–800 nm) will be effective
in targeting this color. Fortunately, black ink is the most common color found in
tattoos. Other colors within the visual spectrum demonstrate bracketed peak ab-
sorptions of energy that is wavelength dependent. The range of peak absorption
(wavelengths) for various tattoo colors is demonstrated in Figure 6 (86). In general,
a color most efficiently absorbs light from the opposing end of the visible spectrum.
Black absorbs wavelengths across the visible spectrum well but its peak absorption
falls between 600 and 800 nm. Based on these observations, the four lasers commonly
used to eliminate tattoos (ruby, alexandrite, Nd:YAG, and pulse dye) should have
predictable efficacy against the various colors within a tattoo. It should also be
apparent that multiple lasers are often needed to remove a typical multicolored tat-
too (87). Tan or flesh-colored pigment is particularly difficult to remove using a
laser. These colors are more common in cosmetic tattooing. In fact, there are several
reports of immediate darkening of flesh-colored and yellow pigments (88). This
effect may be due to a chemical reduction of Fe2O3 within the pigment to FeO
(black) upon laser contact (89).

The QS ruby laser (694 nm), according to the peak absorption spectrum,
should be most effective in treating blue, green, and black pigments. This is found
clinically, except that green tends to more resistant despite the expected peak absorp-
tion values (90). The QS alexandrite laser (755 nm) should be most effective in clear-
ing blue, green, and black pigments, similar to the ruby laser. Like the ruby laser,
clearance of red ink is poor. The QS Nd:YAG (532 nm, 1064 nm) laser operates at
a dual wavelength. The 1064 nm Nd:YAG is essentially effective in clearing only
dark or black pigment. The primary advantage of this laser is that it is more deeply
penetrating due to its longer wavelength and is useful for lightening tattoos in dark-
skinned individuals (sparing epidermal melanin more effectively than the shorter-
wavelength lasers). The frequency-doubled 532 nm Nd:YAG laser treats red ink well
(Q-switched mode) as expected from the peak absorption spectrum. Yellow and
orange pigments are resistant to treatment despite the fact that this wavelength falls
near the absorption peaks of these colors (91). The flashlamp-pulsed dye laser
(510 nm) clears red pigment well. It is more effective against yellow pigment since
this lower wavelength is within the upper limit of the peak absorption spectrum
for yellow. Because of its shorter wavelength, clearing of pigment within the epider-
mis is more pronounced (92,93).
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Vascular Lesions

Many disfiguring congenital and acquired vascular lesions are treatable with a laser.
Vascular lesions with large vessels or that are situated deep within the dermis are
resistant to treatment. Vascular lesions commonly treated with a laser include spider
leg veins, facial telangiectasias, and port-wine stains. Some scars respond well to
laser therapy. Lasers have a limited role in the management of childhood heman-
giomas.

Telangiectasias (including spider leg veins) are a result of abnormal dilation of
existing vessels. The causes are varied and may be related to sun exposure, alcohol
use, genetics, hormones (pregnancy), or steroid use (topical or injected). Facial tel-
angiectasias are easier to eradicate by laser ablation than those in the lower extre-
mity. Lower extremity telangiectasias are more deeply situated and are often
associated with large feeding vessels. Sclerotherapy remains the treatment of choice
for the larger vessels. Nevertheless, more superficial and isolated lesions are amen-
able to laser treatment, especially using lasers that are more deeply penetrating in
the near-infrared spectrum (with an associated epidermal cooling device) (94).

Port-wine stains (PWS) are pink to bluish skin vascular malformations charac-
terized histologically as hyperplastic and ectatic capillaries with the dermis. They
tend to grow with the child and in early adulthood may hypertrophy and ulcerate.
Port-wine stains are most often found within the V2 dermatome. Those within the
V3 dermatome and neck tend to have more superficially situated vessels and are
easier to eradicate with laser therapy (95). As with many vascular lesions, port-wine
stains require several treatments and often never fade completely.

Laser scar revision is useful but the treatment varies depending on the type of
scar. Keloids and hypertrophic scars can be improved using vascular lasers, while
atrophic scars are best treated by laser resurfacing (ablation) methods. Atrophic scar

Figure 6 Peak absorption (nm wavelength) and tattoo color (nm wavelength). The vertical

bars represent the range of peak absorption for each color.
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revision can be done equally well with dermabrasion or laser resurfacing. Ablation
methods should be avoided in treating keloids and hypertrophic scarring. This type
of scarring responds best to nonablative methods meant to slow or reverse scar pro-
gression, soften the scar, and decrease erythema. Vascular lasers are assumed to
work by the selective destruction of capillaries with the dermis. The resulting
hypoxia may decrease collagen synthesis (96). The ideal time to treat a scar—
whether atrophic or hypertrophic—is unknown but commonly 6 weeks after healing
is chosen because of the peak in collagen synthesis at that time. The pulsed dye laser
is commonly used for this purpose.

Hemangiomas, most often involving the head and neck, will grow rapidly
within the first year of life and then regress slowly. Some hemangiomas should be
treated, especially if they interfere with normal birth and development (e.g., obscur-
ing vision). Although a variety of treatments are available (surgery, steroids, cryosur-
gery), laser therapy has proved successful for selected cases. Despite its efficacy in
selected cases, the routine use of laser therapy for uncomplicated hemangiomas is
not warranted. Patients treated with a pulsed dye vascular laser were found to be
more likely to have skin atrophy and hypopigmentation than those whose hemangio-
mas were simply observed to resolution (97).

The chromophore for vascular lasers is oxyhemoglobin. The absorption peaks
for hemoglobin are at 418 nm, 542 nm, and 577 nm (98). Lasers with wavelengths
near these absorption peaks would be expected to be most effective in eliminating
vascular lesions. The TRT of oxyhemoglobin is short (nanoseconds) but disruption
of endothelial cells requires pulse durations in the microsecond or millisecond range
(99). The main competing chromophore to oxyhemoglobin is melanin. To minimize
thermal damage to the epidermis due to absorption of laser energy by melanin, a
dynamic epidermal cooling device is often used (94). This is especially useful in
dark-skinned patients. Common vascular lasers include the argon-pumped tunable
dye laser (577 nm, 585 nm), flashlamp-pumped pulsed dye laser (585 nm), and the
KTP (532 nm).

The argon laser was one of the original vascular lasers used to selectively target
the microvasculature. This early vascular continuous-wave blue–green laser (488 nm
and 514 nm) targeted oxyhemoglobin and melanin. The relatively nonselective wave-
lengths and long dwell times resulted in significant nontarget thermal damage. Sub-
sequent work in developing laser systems with more selective wavelengths and
shorter dwell times resulted in the advent of the argon-pumped tunable dye laser
(577 nm, 585 nm) and the flashlamp-pumped dye laser (585 nm) (100,101). The
shorter dwell times and more selective wavelengths resulted in better ablation of
the vascular lesion while minimizing thermal damage and epidermal injury.

Argon-pumped Tunable Dye Laser (577 nm, 585 nm)

The argon-pumped tunable dye laser (577 nm) with a computerized scanning device
is useful for treatment of many superficial vascular lesions including telangiectasias
and port-wine stains. Increasing the wavelength to 585 nm results in deeper tissue
penetration that is beneficial in treating lesions with deeper dermal components, such
as most port-wine stains. Although significant success was attained using this laser,
the flashlamp-pumped dye laser (577 nm, 585 nm) was found superior with improved
lightening of port-wine stains (102).
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Flashlamp-pumped Dye Laser (585 nm)

The pumped dye laser (PDL) was introduced in the 1980s for the treatment of vas-
cular lesions but was significantly improved shortly after its introduction by intensi-
fying its selectivity for blood vessels by increasing the wavelength from 577 nm to
585 nm and increasing the pulse duration from 360 to 450ms (103). The PDL sup-
planted the argon-pumped dye laser not only because it was more effective but also
because it caused significantly less thermal damage and scarring (104). The major
problem with the PDL is the significant purpura that results after treatment. This
will resolve within 3 weeks but is distressing for the patient. Recently, the pulse dura-
tion of the PDL has been increased to over 1.5ms for deeper tissue penetration and
improved hemostasis (103). In addition, the extended pulse duration more closely
matches the true TRT of blood vessels (105). The PDL is the laser of choice for most
port-wine stains and a variety of common vascular lesions including telangiectasias
and superficial hemangiomas. Few side effects are associated with treatment. In a
study of over 500 patients using the PDL, there were no cases of hypertrophic scar-
ring (< 0.1% of atrophic scarring) and only 1% of patients showed hyperpigmenta-
tion. Transient hypopigmentation occurred in 2.6% after multiple treatments of
port-wine stains (106).

Pulsed KTP (532 nm)

Potassium titanyl phosphate (KTP) is the most commonly used crystal for fre-
quency-doubling of Nd:YAG lasers. Because of the shorter wavelength, the depth
of penetration of this laser would be expected to be less than the PDL. Although
its use in the treatment of port-wine stains has been reported, the KTP laser would
be anticipated to be less effective than the PDL in treating the larger deeper vessels
within these lesions (further study is needed) (107). The pulse durations used with the
KTP laser are on the order of 10ms, which is significantly longer than typical
pumped-dye lasers. Therefore, purpura seen with a traditional PDL is largely
avoided. The KTP laser is commonly used for treatment of spider veins of the lower
extremities that measure less than 0.75mm in diameter in patients with light skin
types (108). It has also been found effective in softening and lightening hypertrophic
pigmented scars and ablating facial telangiectasias without purpura (109,110).
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26
Management of Alopecia

Brian P. Maloney
Maloney Center, Atlanta, Georgia, U.S.A.

The exact function of hair in humans is uncertain. For animals, it provides warmth
and protection. In humans it seems to have lost any functional purpose. However, it
has retained many mystical qualities. Over the centuries, hair has been associated
with the connotations of youth, health, and strength. There is no better example than
Samson to demonstrate the sudden effect that loss of hair can have on one’s physical
well being. In fact, the ancient Everest papyrus (1500 BC) details an Egyptian
prescription for hair loss consisting of honey, red lead, powdered alabaster, and
garlic (1). For most men and women, loss of hair is associated with significant
psychological distress.

ANATOMY OF THE SCALP AND HAIR

The scalp consists of five separate layers, which can easily be remembered by the
acronym SCALP: skin, cutaneous tissues, aponeurosis galea, loose areolar, and peri-
osteum. The scalp is innervated anteriorly by the fifth cranial nerve. The posterior
one-third of the scalp is innervated by the cervical plexus and the dorsal rami of
the second and third cervical nerves. Motor innervation of the scalp is provided
by the seventh cranial nerve.

Hair follicles first appear 8 weeks after conception along the embryo’s eye-
brows, upper lip, and chin areas. As the fetus grows, more follicles appear but
none will form after birth. This is very important because, as the child grows
and the surface area of the skin increases, the distance between the follicles
increases (2).

Three different types of adult hair exist. Negroid follicles have a curly or helio-
trichous hair. Caucasoid follicles have wavy or cynotrichous hair. Mongoloid folli-
cles have straight or leiotrichous hair. The shape of the follicle determines the hair
form. The negroid follicle is helical, the mongoloid completely straight, and the
caucasoid is somewhere in between (3).

On the human body there are three types of human hair that occur at different
ages. Lanugo hair is fetal hair and is shed before full-term growth. It is usually
unpigmented, lacks a central core, and is very fine and soft. Vellus hair replaces lanu-
gal hair after birth and is spread more or less uniformly over the entire body. This
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hair similarly is fine, soft, and without pigment. Terminal hair is longer than vellus
hair, coarser, and usually pigmented.

The hair follicles transcend the three layers of the skin: epidermis, dermis, and
subcutaneous tissue. The hair follicle is an infolding of the epidermis that encloses a
small dermal papilla at its base. The follicle is surrounded by a very rich blood sup-
ply that provides oxygen and nutrients needed for growth. Within the follicle, the
hair shaft is contained in a sheath consisting of several layers. One of these layers,
called Huxley’s layer, is composed of elongated keratin fibers that contain the color-
ing of the hair in the form of melanin granules (see Chapter 1, Fig. 14). The hair
grows by the formation and dividing of keratin fibers. As the cells divide and grow
upward, a dense matrix forms between the keratin filaments (3).

Human scalp hair usually grows for approximately 3 years up to a length of 42
inches if uncut. The hair on the scalp undergoes a cycle of growth consisting of three
distinct but overlapping stages: a growth phase, anagen; the phase of regression,
catagen; and the resting phase, telogen. There are no specific demarcations between
the phases of anagen and catagen. The phase of anagen is the active growth phase
and, as the follicle reaches the end of anagen, it reduces and ceases its production
of melanin. The base of the hairshaft becomes large with keratin to form a bulb.
At this point, it is clearly in catagen, which is the phase in which the dermal papilla
is loosened from the epidermis. Approximately 90% of the human terminal hairs are
in the growing phase, 1% are in catagen, and the remaining hairs are in the telogen
resting stage. The anagen phase is approximately 2–5 years, catagen generally lasts
2–3 weeks, and telogen lasts a few months (4). This cycle is responsible for the loss
of approximately 100 hairs per day. Each follicle is independent of its neighbor yet
has the same growth control characteristics. This independent pattern is known as a
mosaic. Plucking of hairs from resting follicles will cause the cycle to advance to the
next stage of activity.

FACTORS AFFECTING HAIR GROWTH

There are many myths about hair growth; for example, many think that cutting
hair will make it grow faster. Hair is a dead structure and studies have shown that
the frequency of cutting has no effect on hair growth. Hair form and its subse-
quent growth appear to be controlled by several different genes. The follicular
cycle is also influenced directly by hormones (5). The same hormones that promote
sexual hair growth after puberty also cause androgenic alopecia of the scalp.
Hormones implicated in hair growth include testosterone, adrenal steroids, and
thyroid hormones. Up to 10% of patients who complain of hair loss may be
suffering from hypothyroidism. There appears to be a decrease in mean hair
diameter as well as an increase in the numbers of hairs in telogen in patients with
hypothyroidism. During pregnancy, hair growth is increased as estrogen appears to
prolong the anagen phase. Postpartum hair loss also appears to be hormonally
mediated as a greater percentage of hairs enter the telogen phase, resulting in a
transient alopecia about 4–6 months after delivery. Postpartum hair loss is most
likely related to a decrease in estrogen and=or progesterone levels (6). Testosterone
and=or its metabolites have been known to have a direct effect on follicular
activity: castration halts baldness in men.
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Hair growth also may show some seasonal changes, being the greatest in spring
and early summer. The lowest levels of follicles in the telogen stage are present in
December. Mental and physical stresses as well as fever can result in alopecia. This
particular type of hair loss is referred to as telogen effluvium and is considered to be
a nonspecific response to a wide variety of acute physical or mental stresses. It gen-
erally lasts for only a few months before returning to normal. Some systemic dis-
orders that produce telogen effluvium are Hodgkin’s disease, leukemia, cirrhosis,
renal failure, and severe infections. Alopecia is commonly associated with uncon-
trolled diabetes. This may be due to poor circulation to the scalp or to insulin reg-
ulation of androgen metabolism (insulin is found in the hair follicle). Genetic studies
have failed to reveal any correlation between the two conditions (7).

Nutritional alopecia can result from poor nutrition over long periods of time.
This type of alopecia occurs not only in underdeveloped regions but also in more
well-developed countries where fad diets may result in inadequate nutrition.

Anagen effluvium describes hair loss following chemotherapy or exposure to
ionizing radiation (8). A loss of anagen hairs occurs within several days of a meta-
bolic insult. Medications including anticoagulants, antibiotics, and anticancer drugs
have also been associated with development of alopecia (9).

Alopecia can be a marker for some medical conditions. Vertex alopecia, espe-
cially in men with hypercholesterolemia and hypertension, is linked to an increased
risk for coronary heart disease (10). Male pattern baldness also seems to be a risk
factor for prostate cancer (11).

THEORIES OF BALDING

Both men and women experience a natural shedding of hair over time. This natural
decrease in hair density is due to two factors. The first is a decrease in the diameter of
the individual hairs, called miniaturization; the second is a natural decrease in the
density of the hairs. A threshold diameter of 60 mm is a sensitive index to evaluate
the progression of male pattern baldness (12).

Alopecia can either be hereditary or acquired. Hereditary alopecia can be con-
genital as a result of dermal and syndromal abnormalities. Hereditary alopecia can
also present as male pattern baldness in postpubescent males. This type of hereditary
alopecia is very poorly understood; it does not follow traditional genetic patterns and is
most likely polygenic. Female pattern hair loss is a more diffuse thinning of the entire
scalp hair.However, somewomenwill experience amore classicmale pattern baldness.

The most common form of alopecia results from genetic predisposition and
androgen dependence. Testosterone is converted to dihydrotestosterone (DHT) by
the 5 alpha reductase enzyme (13). This enzyme is found in two forms. Type one
is found in the skin and scalp and type two is found in the scalp and prostate. In
patients with male pattern baldness the cause is most likely increased 5 alpha reduc-
tase activity leading to increased levels of DHT. Especially in female pattern bald-
ness, there are multiple hormonal influences involved with hair loss (14).
Androgenic alopecia affects 50–80% of white men. Some 30% of men in their 30s
have alopecia, and 40% of men in their 40s. The high incidence may be due to the
Western diet high in saturated fat. There is a strong link between cholesterol concen-
trations and androgen production.
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Trichotillomania is a psychological compulsion to pull out the hair commonly
seen in children and teenagers. Treatment for this generally involves psychiatric
evaluation.

Traction alopecia is a result of aggressive hair styling andmay result in early loss
of the hair. Discontinuation of the behavior usually results in regrowth of the hair.

CLASSIFICATION OF HAIR LOSS

Baldness as a result of old age or premature androgenic baldness should be thought
of as exhibiting patterns. The most popular type of classification system that pro-
vides a basis for projection of future baldness is called the Norwood Hamilton
Classification. Originally described by Hamilton (15) and later expanded by
Norwood (16) it provides the surgeon with a universal method of classifying alope-
cia. Familiarity with one of the classification systems is important: it will allow the
surgeon to project a final hair pattern and therefore recommend an appropriate plan
for the patient. The Norwood classification is summarized as follows:

Type 1: Hair pattern with little to no frontal recession.
Type 2: Symmetrical bitemporal recession extending no further posteriorly

than 2 cm anterior to a coronal plane connecting the external auditory
meatus. No vertex thinning.

Type 3: Symmetrical bitemporal recession extending further posteriorly than
2 cm anterior to a coronal plane but not reaching the plane connecting
the external auditory meatus.

Type 3 Vertex: Vertex thinning with or without symmetrical bitemporal
recession extending no further posteriorly than a coronal plane
connecting the external auditory meatus.

Type 4: Frontal recession extends to the coronal plane with a distinct bridge of
dense hair separating the vertex and frontal areas.

Type 5: Types 5–7 all have a horseshoe-shaped pattern. Type 5 has a sparse
band of hair separating the frontal and occipital areas.

Type 6: Frontal and vertex may be separated by no bridge of hair. Generally
there is a wide fringe along the sides and back.

Type 7: Extensive balding with only a thin fringe along the sides and occiput.

Ludwig described a classification for women consisting of three grades (17):

Grade 1: Normal frontal hair line with only thinning of the crown.
Grade 2: More pronounced thinning of the crown than in grade 1.
Grade 3: Complete absence of hair in the crown.

Many female patients will have a more male pattern type of baldness and the
Norwood classification may be more appropriate to classify such patients.

ALOPECIA CONSULTATION

A complete medical history should include the time the patient first noticed thinning
hair, the rate of hair loss, and the areas. Patient evaluation needs to include a detailed
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personal medical history regarding the patient’s general health; medications, both
prescription and over-the-counter; and any known allergies. An extensive drug his-
tory that takes into account patients’ nonprescription medications and health supple-
ments is important. With the popularity of natural products as a replacement for
pharmaceuticals and also as cosmetic supplements, a detailed accounting is essential
because some could have an impact on hair growth. An example of this is soy estro-
gens used in reducing symptoms of menopause, which may play a role in hair
growth. The patient should also be queried as to any skin disorders as well as sys-
temic disorders such as diabetes, bleeding disorders, and a history of drug or alcohol
abuse.

Patient expectations and motivations can be better appreciated by seeking
answers to the following questions. Why is the patient seeking hair replacement
surgery? How long has the patient been thinking about this? Has the patient used
any other methods such as Rogaine or Propecia for the treatment of their thinning
hair? How long has the patient been thinking about having surgery? What does the
patient think the procedure will do for him or her? Does the patient understand that
the procedure may not achieve his or her goals? Does the patient understand that
multiple procedures may be necessary? Does the patient understand the possibilities
of graft failure, infection, and scarring (7). It is very important for the patient to
understand the goals of improvement and not perfection. Caution should be exer-
cised with the patient who desires perfection.

Age

Young patients (generally less than 20 years old) presenting with early thinning along
the frontal hairline should be encouraged to investigate possible medical treatments
as their future pattern may not be fully defined. These patients can be monitored
every 6–12 months to note the progression of the thinning. When a hair loss pattern
becomes better defined, then the patient can consider hair restoration. This is impor-
tant, especially if there is a family history of male pattern baldness. Therefore, it is
important to ask the patient regarding possible members of the family who have
exhibited hair loss. Because the genetics of androgenic alopecia are poorly under-
stood, the clinician should ask about baldness on both the maternal and paternal
sides of the family.

Physical Examination

The examination should focus first on the patient’s overall facial appearance. Any
sign of any facial asymmetries or distortions may suggest an underlying syndrome
or medical condition such as Graves’ disease or malnourishment.

Hair Color and Texture

Patients with light-colored hair have much less contrast between the hair and the
scalp and therefore may present after more advanced thinning is present. The best
colors, in order of desirability, for hair transplantation are white, gray, salt and pep-
per, blonde, red, brown, and black. Because of this color difference, patients with
thin, dark hair may benefit from lightening their hair in order to decrease the con-
trast with the scalp.
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Hair texture is important because coarser hairs have a larger diameter and will
therefore increase the total bulk of the hair much more rapidly than fine hair.

Hair density is important in hair transplantation. With the advent of follicular
grafting, low hair density is not an absolute contraindication; the patient with a low
hair density and minimal frontal recession is still a candidate if his or her goals are
limited.

Examination of the scalp should include any scaling or scalp disorders. The
elasticity of the scalp can be easily assessed by placing thumb and forefinger on each
side of the balding area of the vertex of the scalp and pushing towards the central
area. This also gives the surgeon an assessment of scalp thickness. The thickness
and elasticity of the scalp are importaint in guiding the surgeon to possible flap
transplantation or scalp reduction. Female patients should be examined for any
excess of facial hair to determine the possibility of excess testosterone.

To evaluate the amount of hair fall out, gently pull about one cm2 of hair
between the thumb and forefinger. Normally one to five telogen hairs may come
out. In a patient with active telogen effluvium, one may pull out 30 or more
hairs.

MEDICAL TREATMENT FOR ANDROGENIC ALOPECIA

Androgenic alopecia, the most common form of postpubescent balding, can be trea-
ted with a variety of medications. Minoxidil is currently available in two over-the-
counter nonprescription strengths. Potential side effects are negligible. The age of
the patient and type of baldness rather than its duration seem to affect the final suc-
cess of the use of topical Minoxidil (18). Topical minoxidil is most effective on the
vertex scalp, with approximately one-third of male patients noticing an increase in
terminal hair growth, another one-third may notice a stabilization of the balding,
and the remaining one-third will generally not notice any change. The use of minox-
idil is required daily and its cessation will result in relatively quick shedding of any
hair the medication had been able to maintain. It will not accelerate the balding pro-
cess. The mechanism of action of minoxidil is uncertain. Combining it with tretinoin
appears to facilitate penetration through the skin layers.

As mentioned, dihydrotestosterone has been implicated as the main androgenic
hormone responsible for androgenic alopecia. Finasteride is a synthetic 4-azasteroid
that is a specific competitive inhibitor of this enzyme (19). It is interesting to note
that the 5 alpha reductase enzyme is only found in the scalp and the prostate in
humans. Finasteride was originally developed as a treatment for benign pro-
state hypertrophy and was found to increase hair growth in many of the patients
taking the medication. Potential drug interactions appear to be minimal. Patients
taking this medication to treat balding need to inform their urologists that they
are taking Finasteride as their prostate screening antigen test (PSA) numbers need
to be doubled to give a more accurate reading. It is also recommended that patients
40 or older have a screening PSA prior to treatment with Finasteride. The incidence
of side effects is very low, the most common being impotence, decreased libido, and
decreased volume of ejaculate. Pregnant women are advised not to handle the tablets
because if they are carrying a male fetus there is a possibility of birth defects. Fina-
steride has not been found in the semen. With cessation of Finasteride
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treatment, there is a more gradual return to pretreatment levels and not an immedi-
ate shedding as noted with minoxidil withdrawal.

For women with alopecia and hirsutism associated with obesity and menstrual
abnormalities, the source of the androgen excess is frequently ovarian (20). If the hir-
sutism is associated with average weight and normal menses, the source is most often
adrenal. Nolactone (aldactone) is the most popular antiandrogen therapy for hirsut-
ism in the United States and it is commonly prescribed with oral contraceptives to
improve its effectiveness and prevent potential fetal abnormalities. Female patients
with normal androgen levels may have increased end-organ sensitivity to androgens.
Oral contraceptives may be helpful.

NONSURGICAL MANAGEMENT OF ALOPECIA

The use of hairpieces or additions can be very effective in restoring facial balance due
to hair loss. These tools frequently require monthly cleaning and servicing to achieve
their optimal appearance and can be effective for many patients, especially those
with extensive thinning.

To reduce the contrast between the hair and the scalp, scalp polishes can be
used to darken the scalp and thus give the appearance of more hair. Occasionally,
permanent cosmetics can be applied to the scalp to provide a more permanent type
of scalp darkening. However, care should be advised because the pigment may
change color over time (e.g., black to blue).

SURGICAL MANAGEMENT OF ALOPECIA

Designing a Frontal Hairline

This is one of the most important components of the surgical restoration process.
Designing a frontal hairline must take into account not only the patient’s current
degree of balding but also, to some degree, anticipate what pattern the patient is
most likely to develop. An improperly placed hairline could be a telltale sign of hair
transplantation. Hairlines that are too low or too high or that round off into the
temporal hairs are undesirable. Many patients will have fine hairs along the frontal
area that may guide the surgeon as to the appropriate placement of the hairline. Cau-
tion should be exercised to take into account the age of the patient in these cases. In a
young patient, follicular transfer should be performed at a higher level to allow the
patient to have a more mature hairline as he or she ages. A hairline that is too low or
appropriate for a 21-year old may not be appropriate when the same patient is in his
or her 50s.

For the patient with well-defined frontal loss, placement of the hairline in the
absence of significant frontal hair can be determined anteriorly by placing two fin-
gerbreadths above the highest forehead crease. This point should serve as the most
anterior point of the hair line. The lateral-most points of the hairline should lie at or
just medial to a vertical line from each lateral canthus. An arch can then be created
between these three points, keeping the arch horizontal. The angle between the fron-
tal hairline and the temporal hairline should be approximately 90 degrees or less.
Rounding of this angle generally results in a very unnatural hairline. The surgeon
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needs to evaluate the hairline from the front and sides and confirm its placement
with the patient prior to the procedure.

Surgical hair restoration is best divided into procedures for the frontal area and
procedures for the vertex. Surgical techniques to reconstruct the frontal area include
follicular transfer and other grafting techniques, short and long flaps, and scalp
reduction. Surgical techniques to reconstruct the vertex area include scalp reduction
as well as grafting techniques.

Follicular Transfer, Micro-Minigrafts

Description

The history of autotransplantation for the reconstruction of bare areas dates to the
early 1800s. However, it was not until Dr. Orentreich popularized the procedure in
his article in the 1950s that grafting truly came of age (21). Since that time, the tech-
nique of transplanting large round grafts often compared to doll’s hair has been
refined to the point that surgeons will transplant one- to three-hair groupings, called
follicular units. The donor area is chosen based upon the best color and texture match
of the hair along either the temple or occipital region. Procedures can generally be
performed under oral sedation or twilight anesthesia. The area is supplemented with
local anesthetic, generally 1% lidocaine with 1:100,000 epinephrine. After allowing
for appropriate hemostatic effect and prepping and draping the patient, the donor
area is infiltrated with injectable normal saline to help make the area tense and more
rigid. Using a multibladed knife, a strip is then incised across the donor area, being
careful to bevel the incision so that the hair follicles are preserved, stopping fre-
quently to check that the follicles are not injured (Fig. 1). Scissors are used to separate

Figure 1 Multibladed knife used to harvest donor hair from the occipital region. Note the
bevel of the blades corresponding to the direction of the hair folicle.
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the strip from the underlying soft tissues. Care is taken to avoid injuring any of the
follicles, which can be easily seen projecting into the subcutaneous fat. Once the strip
is removed, hemostasis can be obtained with bipolar cautery and by closing the inci-
sion with a running, locking 0-Prolene suture. At this point, the strip is then prepared
under magnification, dissecting out the individual follicular units, being careful not to
injure the follicle as this may decrease the survivability of the graft. A small amount
of fat on the bulb of the follicle is ideal (Figs. 2,3). With this technique, even curly hair
such as in African Americans can be more easily prepared for transplantation with
much better survival of the thick grafts. The graft should be kept on ice to decrease
metabolic activity prior to use. Care should be taken to prevent them from drying
out. A moist bandage in a covered petri dish will help to accomplish this.

The recipient site is infiltrated with the local anesthetic prior to making the
recipient holes. Using a knife breaker and a double-edged razor blade, appropri-
ate-sized blades can be fashioned to create recipient holes in the donor site. Once
a blade is fashioned, one or two holes are made and the size of the grafts is assessed
to make sure that the holes will accommodate the grafts. A carbon dioxide laser may
also be used to create recipient holes. Some surgeons like this technique because
the laser cauterizes resulting in less bleeding. This technology may be helpful on
the first session when there is minimal hair in the area. On subsequent sessions,
the hair in the recipient area may be singed by the laser. Holes are generally spaced
2–3mm apart. In a patient who has microvascular disease, a greater distance may
be appropriate to ensure appropriate blood supply to the grafts. The recipient
holes are made in an irregular fashion along the hairline, generally with a zone
of individual hairs along the frontal area. This is feathered more posteriorly into
larger follicular units to ensure a gentle transition (Fig. 4). The follicular units
are then placed along the frontal area with a slight forward inclination. At the

Figure 2 A strip of donor scalp is de-epithelialized superiorly. The excess fat is trimmed,
leaving a thin layer of fat attached to the follicle.

Alopecia 1005



conclusion of the procedure, the placement of the grafts should be checked and the
hair can be blown dry to secure the grafts in their new position. No dressing is
necessary at this point unless the patient has had significant oozing. If there is
oozing, Surgilube may be applied with a layer of absorbent bandage followed by
application of a gentle compression dressing (Fig. 5).

Figure 3 The final stage of graft preparation. The follicles are cut into the desired sizes.

Figure 4 Irregular nature of the transplanted hairline achieves a natural look.
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Indications

Both frontal and vertex thinning can be treated with this method. This technique can
also be used to reconstruct specialized areas including eyebrows,mustache, and others.

Advantages

The newer techniques generally lead to a very natural look. Due to the smaller graft
sizes the hair may not fall out and go through telogen during the postoperative
period.

Disadvantages

Patients experience crusting, swelling and generally require multiple treatments. The
transplanted hair in the grafts will commonly fall out and begin growing about 3
months after the procedure. It will reach a substantial length approximately 6
months after the procedure.

Flap Reconstruction for Frontal Alopecia

Description

An alternative method of reconstruction of the frontal hairline is a technique first
popularized by Juri and then Mayer and Flemming (22,23). This method involves
harvesting a long temporal parietal flap based on a posterior branch of the superfi-
cial temporal artery. The procedure is generally carried out in three stages. The first

Figure 5 A. Preoperative photograph shows a patient who underwent radiation to the scalp
for intracranial malignancy with subsequent alopecia. B. Postoperative photographic after one

session of grafting.
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stage consists of identifying the posterior branch of the artery using Doppler
ultrasound and outlining a flap that is appropriate to cover the width of the fore-
head. The flap margins are simply incised posteriorly and delayed. One week later,
the sutures are removed and distal half of the flap is elevated and replaced on its
bed. In the third week, the entire flap is elevated and rotated into its new position.
The hairline is determined as previously described and the flap secured into its new
position with two-layered closure. If the donor site is not able to be closed primarily,
a portion of the skin that was excised from the forehead can be placed in this donor
area and then subsequently excised as the scalp relaxes. Proponents of the flap
believe that the direction of the hair growth is not a significant problem for the
patient and generally does not pose any restrictions on styling. Additional follicular
grafting may be necessary anterior to the flap incision to help soften this incision, as
well as small procedures to revise the dog-ear at the donor site. Within a week, the
sutures are removed from the newly created frontal hairline.

Indications

This technique is ideal for patients who only demonstrate recession of the frontal
area with no loss of the posterior hair. If a patient has an exceedingly wide forehead
or a very tight forehead, a smaller flap, approximately half this size, can be rotated
from each of the temporal regions across the midline. Additional follicular grafting
sessions can be performed at approximately 3 months.

Advantages

This technique can offer the patient denser hair than is possible with follicular graft-
ing in a much shorter period of time.

Disadvantages

This is a larger procedurewith potential risk of flap necrosis and the need for additional
procedures. If a patient has had a previous transplant session, he or she is generally not
a candidate for a long flap procedure because the donor incision may have disrupted
the blood supply to the flap. The patient could have a short flap from each side that
meets in the middle. The donor site may be difficult to close primarily andmay require
insertion of a portion of the removed frontal scalp temporarily. A dog earmay occur at
the point of flap rotation. This generally flattens but may require a revision procedure.

Surgical Reconstruction of the Vertex

The vertex area can be reconstructed using either the grafting technique or scalp
reduction. The grafting technique as described earlier can be used to increase the
density of hair in the vertex area. The incisions are placed in a ripple or swirling fash-
ion from the center of the vertex with graft orientation radiating outward.

Scalp Reduction or Hair Line Advancement

Description

One of the most popular methods of reducing the balding vertex scalp is scalp
reduction or hairline advancement. This has been performed over the years using
a variety of techniques, the most common being excising an ellipse of scalp skin
down to the galea. The lateral aspects of the dissection are carried down to the
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ear and to the inferior aspect of the postauricular hairline allowing the free edges
of the ellipse to be approximated. Closure is usually performed in the galeal layer
with an absorbable suture followed by stainless steel staples for wound edge
approximation. After allowing 3–6 months for the scalp to relax, a second scalp
reduction can be performed in a similar fashion.

Introduction of the Frechet extender has allowed this process to be accelerated.
At the conclusion of the first scalp reduction, prior to closure, an extender (a device
with a row of stainless steel hooks) is inserted just beneath the hair fringe on one
side. The extender is pulled across the top of the head to 1–2 cm inside the fringe
on the other side. The tension on the rows of hooks will pull the fringes closer
together over a 3–4 week period. The extender can be left in place up to 6 weeks.
With the use of the extender, there is a potential space between the scalp and peri-
osteum where fluid can collect. Either a drain or a dressing may be helpful to reduce
this potential complication. A second scalp reduction is then performed at 3–6 weeks
following the initial insertion. Patients will generally recognize that the tight feeling
of the scalp has dissipated and this is a good indicator for removal. The key to suc-
cess in using the extender is adequate dissection under the temporal hair—the area
that is being stretched to cover the vertex. Care must also be taken to select appro-
priate candidates for scalp reduction to prevent additional thinning of the
side areas. The extender has, in large part, replaced the expander for accelerated
management of vertex thinning because it causes no cosmetic deformity and does
not require weekly adjustments.

Figure 6 A. Preoperative photograph. B. Postoperative photograph 6 weeks after initial
scalp reduction and subsequent removal of extender and second scalp reduction. Note the
degree of bald vertex removed in such a short time.
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Sometimes the goal of scalp reduction is not complete obliteration of the
vertex balding but just a reduction in size to allow a hairpiece to fit better
(Figs. 6,7).

Indications

Patients with vertex alopecia and adequate density of the hair along the sides are
ideal candidates. In patients with extensive alopecia, a scalp reduction can be used
to reduce the vertex area, allowing a hair piece to fit better.

Advantages

The scalp reduction can generally remove a significant amount of balding scalp very
quickly. It can raise the temporal fringe to allow better reconstruction of the frontal
hair line.

Disadvantages

A scar that may widen is created on the vertex. Numbness of the scalp may occur
and, rarely, be permanent. The procedure may result in thinning of the temporal hair.

A LOOK TO THE FUTURE

Cloning of hair, although a popular media topic, appears to be far in the future. The
proper terminology is not cloning but cell therapy, by which a single hair is removed
and hundreds are reproduced. This technology has not been perfected and is under

Figure 7 A. Preoperative appearance of a patient with class 4–5 alopecia. B. Patient after

follicular transfer to the bitemporal recessions and scalp reduction with extender to the vertex
area.

1010 Maloney



study. Because of the large number of patients with male pattern baldness, topical
medications are destined to be discovered that will ameliorate the loss of hair. Last
year over 40 patents were issued in the United States and several hundred around the
world for new hair loss treatments. No universal treatment is successful; individual
treatment under a physician’s care is generally the best course.
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INTRODUCTION

Beauty is defined by Webster as ‘‘the quality or aggregate of qualities in a person or
thing that gives pleasure to the senses or pleasurably exalts the mind or spirit.’’ For
centuries, people have attempted to accentuate or recapture their beauty by various
means. It was not until recently, with advances in modern medicine, that safe and
effective surgical options have become available. Medical understanding of facial
anatomy and the physiology of aging have provided the foundation for current sur-
gical interventions. These interventions have evolved, especially in the last 40 years,
to enhance and restore a more youthful and healthy appearance. Most notably, rhy-
tidectomy has proven most effective in achieving these goals. This chapter will pro-
vide an analysis of facial aging and various surgical therapies aimed at reversing this
process including rhytidectomy, brow elevation, and cervicofacial liposuction.

PATHOPHYSIOLOGY OF AGING SKIN

Several factors are responsible for facial aging. Natural changes occur in the skin, on
a microscopic level, as a person grows older. These, along with the constant effect of
gravity, contribute to changes in facial architecture associated with an aged appear-
ance. Features noted in elderly individuals include brow ptosis, malar ptosis, deepen-
ing of nasolabial folds, development of jowling, submental skin and fat excess, fine
skin wrinkles, and pigmentary changes. The various histological changes in the skin
that are associated with aging include (1–3)

1. Flattening of the dermoepidermal junction with loss of papillae
2. Decrease in the number of melanocytes
3. Decrease in glycosaminoglycans, proteoglycans, and ground substance
4. Decrease in elastic fibers
5. Decrease in total collagen, especially type III
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Sun exposure is the main causative factor in premature aging. Prolonged expo-
sure to the sun (ultraviolet A [UVA] and ultraviolet B [UVB]) causes actinic skin
damage including epidermal dysplasia and dermal elastosis (4).

PREOPERATIVE EVALUATION

A thorough history and physical examination are necessary before proceeding with
any aesthetic procedure. The patient’s medical conditions, current medicines, prior
surgical history, and allergies are all routine parts of a preoperative evaluation. Spe-
cific factors that increase the risk for postoperative complications should receive spe-
cial attention. Hypertension and aspirin may cause postoperative hematomas,
therefore, patients should continue antihypertensive medicines and maintain a rea-
sonable blood pressure. Aspirin use should be discontinued at least 2 weeks prior
to surgery. Another factor that may result in significant postoperative morbidity is
smoking. Continuation of smoking can result in microcirculatory changes that
may contribute to skin flap necrosis. Cessation of smoking should begin 2–3 weeks
before surgery.

Skin Disorders

Ehlers Danlos=Cutis Hyperelastica

Ehlers Danlos= cutis hyperelastica is a genetically inherited syndrome characterized
by hypermobile joints, fragile hyperextensible skin, predisposition to subcutaneous
hemorrhages, and dark skin pigmentation. These clinical attributes are due to an
abnormality in collagen maturation that retards normal collagen synthesis leading
to poor wound healing, postoperative hemorrhage, and dark scar pigmentation.
Elective surgery is best avoided (5).

Cutis Laxa

Cutis laxa is also a genetically inherited condition in which there is a decrease in the
size and number of elastic fibers in the dermis causing significant skin laxity. Since
there is not a derangement in the synthesis of collagen, no wound healing difficulties
arise. Therefore, patients with this condition are good candidates for surgery and
benefit from rhytidectomy (6).

Peudoxanthoma Elasticum

Pseudoxanthoma elasticum demonstrates both dominant and recessive inheritance
patterns. Patients are noted to have degeneration of elastic fibers in the skin causing
premature skin laxity. They also show no wound healing abnormalities since col-
lagen synthesis proceeds normally. Rhytidectomy would be a safe and effective treat-
ment in patients with this condition (7).

Werner’s Syndrome=Adult Progeria

Werner’s Syndrome= adult progeria is an autosomal recessive condition that presents
with systemic manifestations including scleroderma-like skin changes, growth retar-
dation and short stature, premature facial aging, high-pitched voice, muscle atrophy,
osteoporosis, premature arteriosclerosis, and various neoplasms. These patients are
not candidates for elective cosmetic surgery (8).
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Progeria=Hutchinson-Gilford Syndrome

Progeria= Hutchinson-Gilford Syndrome is also acquired through an autosomal
recessive mode of inheritance. Features include growth retardation, craniofacial
abnormalities, premature baldness, pinched nose, enlarged ears, micrognathia, and
cardiovascular disease secondary to arteriosclerosis and calcification. Life expec-
tancy for these patients is short and they are not candidates for elective surgical
procedures.

Physical Examination

The next step in the preoperative evaluation for aesthetic surgery of the face is a
thorough physical examination. This should be carried out in a well-lit room. An
orderly approach should be taken to evaluate each anatomical subunit of the face
as well as the condition of the skin. Notable skin changes include the amount of acti-
nic damage, degree of skin laxity, and extent of skin wrinkling. The facial soft tissues,
underlying musculature, and bony anatomy should also be assessed. The facial sub-
units should be studied beginning with the forehead. Notable features include trans-
verse wrinkling, glabellar wrinkles from overactive procerus and corrugator muscle
activity, and eyebrow=upper eyelid ptosis.

Midface assessment includes evaluation of the position and quality of the
malar eminences and nasolabial folds. Lower facial evaluation should focus on the
mandibular border and the presence of jowling. The neck should be examined for
submental or submandibular lipodystrophy. Platysmal banding, laxity in the neck
skin, and an obtuse cervicomental angle are also of importance. Included in the
initial evaluation should be a detailed examination of facial nerve function for com-
parison postoperatively.

The preoperative work-up should also include:

1. Preoperative photographs in three views (anteroposterior, lateral, and
oblique).

2. Age-appropriate laboratory tests per hospital guidelines.
3. Patient preparation including avoidance of sun exposure, alcohol, and

tobacco for two weeks prior to surgery. Use of acetylsalicyclic acid,
nonsteroidal anti-inflammatory drugs, estrogen, and anticoagulants should
also be stopped 2 weeks before surgery. Patients should remove all makeup
the night before with mild soap and water and wash their hair with
PhisoHex. An anxiolytic, such as lorazepam, taken the night before may be
helpful.

FACELIFT ANATOMY

An intimate knowledge of facial anatomy is paramount when performing a rhyti-
dectomy. Most importantly, knowledge of the anatomy of the facial nerve and the
superficial musculoaponeurotic system (SMAS) are crucial to safe, consistent, and
pleasing aesthetic results. Throughout the face, the superficial anatomy is composed
of five layers that include the skin, subcutaneous fat, superficial musculoaponeurotic
system, fascia, and facial nerve. The most important layer in rhytidectomy surgery is
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the SMAS. First described by Mitz and Peyronie in 1976, it is a fascial layer in con-
tinuity with the muscles of facial expression including the frontalis, orbicularis ocu-
lus, zygomaticus major and minor, and platysma (9). In the temporal region, the
SMAS continues as the temporoparietal fascia (10). The facial nerve (CN VII) tra-
vels deep to the SMAS layer to innervate the muscles of facial expression. Exceptions
to this rule include the buccinator, mentalis, and levator anguli oris muscles. These
muscles receive their innervation from the facial nerve on their superficial surfaces
(Fig. 1).

The facial nerve exits the cranial vault via the stylomastoid foramen. The main
trunk then proceeds to pass between the superficial and deep lobes of the parotid

Figure 1 Despite the complexity of anatomical layers of the face, the facial nerve remains

deep to the SMAS and innervates the musculature from their deep surfaces.
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gland. It is at this point (pes) that the nerve divides into five distinct branches: fron-
totemporal, zygomatic, buccal, marginal mandibular, and cervical. Studies by Baker
and Conley on over 2000 parotid dissections demonstrated communications between
the zygomatic and buccal branches in 70% of cases (11). The frontal and marginal
mandibular branches communicated with other branches in only 15% of patients.
They have also presented data more recently indicating that the marginal mandibu-
lar nerve is always found below the inferior border of the mandible. This contradicts
prior beliefs espoused by Dingman and Grabb that the marginal mandibular nerve
lies above the border of the mandible in 81% of cases (12).

Other significant anatomical structures influencing currently used facelifting
procedures include the nasolabial fold, retaining ligaments, and platysma muscle.
Prominent nasolabial folds and jowling develop in part due to laxity of the retaining
ligaments of the cheek. These include the zygomatic ligaments (McGregor’s patch)
and the mandibular ligaments (13). In these areas, the overlying skin is anchored
to the bone below. By resisting gravitational forces and allowing the intervening
cheek skin to descend, the nasolabial folds deepen and jowls develop. In addition,
the platysma muscle, in most instances, will decussate at the level of the hyoid car-
tilage. In the remainder of cases, the medial borders of the muscle run parallel to
each other. These findings, along with the effects of aging and gravity, lead to the
development of submental banding and the so-called turkey gobbler deformity.

RHYTIDECTOMY

Modern facelift surgery has undergone great advancements over the last 100 years.
Facelifting procedures were first described in the early 1900s and consisted of simple
skin excision and direct closure. As techniques improved, the concept of raising skin
flaps in the subcutaneous plane was proposed with improved aesthetic results. It was
not until Skoog in the 1970s that the concept of deep layer suspension came into favor
(14). This was the basis for studies byMitz and Peyronie that defined the SMAS and its
role in modern facelift surgery. Since then, several modifications have been proposed
including deep plane SMAS advancement and subperiosteal facelifting procedures.

The technique of rhytidectomy varies from surgeon to surgeon depending on
their experience and preference. Since the advent of SMAS–suspension rhytidectomy
in the 1970s, several technical modifications to this basic rhytidectomy technique
have been advocated. Surgeons seeking an improvement in the midface and nasola-
bial fold (typical problem areas that are undertreated with classic rhytidectomy) have
inspired development of these new-generation rhytidectomy techniques. Further
medial dissection over or under the SMAS is the essential element in nearly all of
the permutations of the classic rhytidectomy. Despite the vast number of rhytidect-
omy variations espoused by numerous surgeons, they can generally be classified into
categories including lateral rhytidectomy, conventional rhytidectomy, extended rhy-
tidectomy, deep plane rhytidectomy, and composite rhytidectomy.

Lateral

Lateral rhytidectomy is perhaps the simplest SMAS–suspension rhytidectomy tech-
nique (15). A traditional subcutaneous flap is dissected that extends medially to the
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malar eminence and beyond the jowls along and below the mandibular line. A nar-
row strip of SMAS is resected over the parotid along a line 2–3 cm anterior to the
preauricular sulcus that is parallel to the nasolabial fold (Fig. 2). The subSMAS dis-
section is limited in the face but extends inferiorly in a subplatysmal plane. The
SMAS–platysmal flap is pulled posterosuperiorly and suture-suspended to the prox-
imal SMAS and dense zygomatic fascia. This type of SMAS manipulation allows
essentially a single vector of pull to efface jowling and to tighten the neck. There
is little effect on the appearance of the nasolabial fold or midface using this
technique. The SMAS is anchored securely to muscle and periosteum along the pos-
terior margin of the zygomatic muscles. Therefore, posterior traction on the SMAS
does little to elevate the malar fat pad or efface the nasolabial fold. In addition, pos-

Figure 2 Patient undergoing a traditional lateral rhytidectomy in which a narrow strip of
SMAS is resected over the parotid along a line 2–3 cm anterior to the preauricular sulcus that

is parallel to the nasolabial fold.
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terior traction on the subcutaneous flap despite extensive medial dissection cannot
correct a ptotic malar fat pad.

Conventional

A conventional rhytidectomy is performed by undermining an extensive subcuta-
neous flap with SMAS suspension along two relatively independent vectors: poster-
ior and superior. This is accomplished by incising the SMAS transversely under the
zygomatic arch and vertically just anterior to the preauricular sulcus. A subSMAS
dissection proceeds medially to the anterior border of the parotid gland and infer-
iorly under the platysma just beyond and inferior to the angle of the mandible.
The SMAS–platysma along the vertical incision is pulled posteriorly while the SMAS
along the upper transverse incision is pulled primarily in a superior direction. The
SMAS is anchored with sutures and excess is trimmed. Of course, the subcutaneous
flap is also pulled posterosuperiorly and the excess skin is trimmed (Fig. 3). This type
of facelift, compared to lateral rhytidectomy, results in further improvements in effa-
cement of the jowls and neck tightening. This procedure, like lateral rhytidectomy,
will not result in significant improvement of midface aging. As is the case with
any rhytidectomy, midline neck problems such as platysmal banding and excess sub-
mental fat should be corrected through a separate submental incision before poster-
ior traction and suspension on the platysma is done.

Lateral and conventional rhytidectomies are the most commonly performed of
all types of facelift procedures. Despite their popularity, it is obvious that these pro-
cedures do not adequately address significant midface aging and deep nasolabial
folds. For patients in need of correction in these areas, further medial dissection
and suspension within the midface itself is required to lift the malar fat pad and flat-
ten the nasolabial fold. The malar fat pad has ligamentous attachments to the over-
lying skin and underlying zygomatic muscles. The fat pad may be lifted with the skin
if the ligamentous attachments are severed directly over zygomatic muscles (extended
and deep plane rhytidectomy) or if the zygomatic muscles are lifted in conjunction
with the fat pad and overlying skin (composite and subperiosteal rhytidectomy).
These procedures require more extensive dissection than lateral or conventional rhy-
tidectomy and carry a higher risk of facial nerve injury and protracted facial edema
and ecchymosis.

There are predominantly only anecdotal and biased reports that actually claim
that significant improvements in the appearance of the midface can be had after
extended medial dissection during routine rhytidectomy. Ivy et al. performed lateral
and conventional rhytidectomies on one side and extended rhytidectomies on the
opposite side in a series of patients (16). They found that immediately postopera-
tively there was indeed a significant improvement in the midface on the sides of
the extended dissection. However, the differences rapidly dissolved after the post-
operative edema subsided. Considering that the dissection plane for extended rhyti-
dectomy is inherently more hazardous, an extreme medial subSMAS dissection
appears unwarranted, at least to improve the appearance of the midface. Neverthe-
less, there are advantages to a medial subSMAS dissection in conjunction with a
foreshortened subcutaneous dissection (deep plane rhytidectomy) that will be dis-
cussed shortly. It is clear that to provide meaningful improvements in the midface
a deep level of dissection is required along with a more superior advancement of
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tissue. This type of dissection and tissue movement is difficult, if not impossible,
through the standard rhytidectomy approach. The composite and subperiosteal rhy-
tidectomies more effectively address midface aging but require dissection and access
incisions within the area of the midface.

Extended

The extended rhytidectomy is similar to the conventional type except that the sub-
SMAS dissection is extended medially beyond the nasolabial fold. The plane of dis-
section passes over the zygomatic muscles, thereby releasing the ligaments tethering
the malar fat pad and skin overlying the nasolabial fold. The SMAS layer becomes
quite fragile beyond the anterior border of the parotid gland. By developing this
layer independently, the ability to use the SMAS to suspend the deep tissues of

Figure 3 Typical excess skin that results after SMAS plication and gentle posterior traction
on the subcutaneous flap. Excess skin is trimmed, being conservative near the lobule to

prevent distortion.
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the midface is compromised. However, by dividing the retaining ligaments, the fat
pad can be suspended with the skin flap. Pulling the skin flap posteriorly can efface
the nasolabial fold but this effect is temporary because the deep tissues of the mid-
face remain fixed. As mentioned, extended medial dissection of the SMAS using this
technique to improve midface aging is probably unwarranted considering the
increased risk of injury to the facial nerve.

Deep Plane

The deep plane rhytidectomy technique also involves an extensive medial subSMAS
dissection, however, it is performed through a significantly foreshortened subcuta-
neous flap dissection (17). The deep plane (subSMAS) is extensively dissected to
release the ligamentous attachments of the SMAS to the zygomatic muscles, parotid,
and masseter muscle. The resulting SMAS–platysma–skin flap is advanced poster-
iorly as a single unit. The initial subcutaneous dissection extends medially to a line
that is tangent to the angle of the mandible to the origins of the zygomatic muscles.
The incision into the SMAS follows this same line and an extensive subSMAS dis-
section then proceeds medially similar to that done in an extended rhytidectomy.
A thick myocutaneous flap is created that contains the freed malar fat pad. This flap
is then pulled posterosuperiorly along multiple vectors and secured both at the
SMAS and skin levels. Although long-term improvements in the midface are deba-
table, Kamer found that the thicker SMAS–platysma–skin flap is hardier and less
prone to marginal necrosis, which is especially advantageous for patients that smoke
(18). Other advantages noted by Kamer are smoother mandibular lines, softened
nasolabial folds, improved incisional healing, and fewer skin surface irregularities.

Composite

To address midface aging further, Hamra modified his deep plane technique to
include dissection and elevation of the orbicularis oculi and zygomatic muscles
through a separate blepharoplasty incision (19). This modified technique was
dubbed composite rhytidectomy. It is a supraperiosteal technique in which, in addi-
tion to a deep plane flap, a composite deep muscle flap is developed to lift the mid-
face. This results in elevation of the malar fat pad and periorbital rejuvenation. The
original version of this rhytidectomy technique involved elevating the orbicularis
muscle via a blepharoplasty incision so that this muscle could be included in the deep
plane flap. This allowed a smoother transition from the lifted malar fat pad to the
periorbital area. According to Hamra, although the aesthetic results were improved,
it resulted in prolonged malar edema in many patients. He eventually added a sub-
zygomatic muscle lift as well to avoid disrupting the origins of the zygomatic muscles
(zygomaticus–orbicularis plane), resulting in less trauma and less postoperative
edema (19). The results of this type of rhytidectomy are more favorable with regard
to improving midface and periorbital aging. However, the risk of permanent injury
to the facial nerve and surrounding musculature is greater. This type of lift must be
reserved for patients in need of correction of significant periorbital and midface
aging problems. A subperiosteal midface lift in conjunction with a more traditional
rhytidectomy is an alternative.
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Subperiosteal

The subperiosteal approach to periorbital lifting was introduced by Tessier in 1980
(20). A subperiosteal mobilization of the superolateral orbital rim was performed
during a routine coronal lift to improve periorbital rejuvenation. Subsequent mod-
ifications by Ramirez resulted in today’s periorbital and midface subperiosteal lifts,
primarily performed through a temporal approach. Incorporation of a midface sub-
periosteal dissection through a standard rhytidectomy approach is difficult because
of problems with adequate visualization and facial nerve injury. An extended tem-
poral approach is needed (i.e., combine a rhytidectomy with a standard midface lift)
or the subperiosteal plane may be entered and widely dissected using separate inci-
sions near the malar eminence and under the cheek. Baker describes a subperiosteal
rhytidectomy (triplane rhytidectomy) that uses this latter technique (20). Through a
standard rhytidectomy approach, an incision is made through the SMAS near the
zygomatic eminence and the subperiosteal plane is entered bluntly. Wide subperios-
teal dissection proceeds over the lateral orbital rim, malar eminence, and anterior
zygomatic arch. The subperiosteal midface dissection is completed through a gingi-
vobuccal incision by undermining the periosteum over the face of the maxilla, nasal
bone, pyriform aperture, infraorbital rim, and zygomatic eminence. The deep face
(periosteum and SMAS) is then suture-suspended along two vectors: superior and
lateral. The main advantage of using separate incisions to approach the subperiosteal
plane in the midface is avoidance of crossing the plane of the facial nerve branches.
Subperiosteal lifts can be dramatic in terms of midface and periocular rejuvenation.
A criticism of this method is that the lifting is excessive leading to unnatural eleva-
tion and lateralization of the lateral canthus and tissues in the upper and middle face.

Midface Lifting

Although several rhytidectomy techniques have been developed to improve the mid-
face as outlined above, in some circumstances only a midface lift is needed. This is
often the case in younger patients in whom jowling is not a major problem but perio-
cular and midface aging changes are apparent. In these cases, a temporal approach
often combined with a coronal forehead lift is what is most often performed. This
approach to midface lifting is quite similar to that originally described by Tessier
and later modified by Ramirez (see above).

Routine Conservative SMAS Rhytidectomy: The Author’s Technique

The patient is positioned supine and, after administration of adequate anesthesia, is
prepped with a povidone–iodine solution and draped in a sterile manner. Draping
should be performed in a way that will allow for full facial exposure and allow ade-
quate mobility for turning the head. The incisions are then infiltrated with local anes-
thetic consisting of 0.5% lidocaine with epinephrine. A more dilute solution may
then be used to infiltrate and hydrodissect the facial skin flaps. This will provide
not only an anesthetic effect but also a hemostatic benefit by local vasoconstriction.

The skin incision starts in the temporal hair, 5 cm superior to the ear and 3–
5 cm posterior to the hairline. From this point, the incision proceeds inferiorly, par-
allel to the hairline, toward the root of the helix. The temporal incision may be mod-
ified in revision facelift patients and male patients to avoid displacing the sideburn
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and hairline superiorly. Placement of the preauricular aspect of the incision may pro-
ceed antetragally or retrotragally. The incision then continues around the base of the
lobule and onto the posterior conchal skin. The conchal incision should be placed at
least 2–3mm above the retroauricular sulcus. Proceeding superiorly, the incision is
then turned posteriorly along the hairline for 3–5 cm. To ensure consistent results,
the posterior incision should be in line with the temporal incision (Fig. 4).

The focus, initially, is directed to the subcutaneous dissection of the temporal
skin flap. This is accomplished with a combination of electrocautery and facelift scis-
sors. The dissection proceeds medially in the subcutaneous plane thus exposing the
SMAS layer below (Fig. 5). Dissection proceeds up to 1 cm lateral to the lateral orbi-
tal rim, across the malar region, and along the nasolabial fold to a point 1 cm lateral
to the oral commissure (Fig. 6). The retaining ligaments mentioned earlier will be
released from their zygomatic and mandibular attachments. Careful hemostatic mea-
sures using bipolar electrocautery should be employed throughout the dissection to
minimize the risk of hematoma formation postoperatively.

Figure 4 To ensure consistent results, the posterior incision (postauricular) should be in line

with the temporal incision.
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Figure 5 The skin flap subcutaneous dissection is shown using face-lift scissors. The
opposite hand palpates the tip of the scissors to confirm its position within the subcutaneous
plane.

Figure 6 Note the area and extent of subcutaneous undermining. Just anterior to the
temporal incision, undermining may begin deep below the temporoparietal fascia to preserve

the hair roots. Further anterior dissection, beyond the hairline, should be done within the
subcutaneous plane to avoid injury to the frontal branch of the facial nerve.

1024 Giachino and Spiegel



Attention is next focused on the postauricular area. These skin flaps are also
dissected in a subcutaneous plane proceeding inferiorly and medially onto the neck
to expose the underlying platysma. If there is evidence of platysmal banding or
neck lipodystrophy preoperatively, a separate submental incision may be necessary
to provide access for platysmal plication and submental lipectomy (Fig. 7). This is
best accomplished before rhytidectomy. Care should be taken to avoid injury to
the great auricular nerve, which may identified 6.5 cm inferior to the bony external
auditory canal. The nerve usually courses across the anterior border of the
sternocleidomastoid muscle with the external jugular vein. Transection of the great
auricular nerve will lead to permanent loss of sensation in the ear lobule and helix
(Fig. 8).

Dissection and suspension of the SMAS are the most crucial elements in ensur-
ing a long lasting aesthetic result. Once the skin flaps have been elevated, a perma-
nent suture (3–0 Mersilene) is used to plicate the SMAS to the zygomaticotemporal
fascia, fascia of the bony external auditory canal, and the mastoid fascia. Good fas-
cial bites will provide an adequate anchor from which to suspend the SMAS. This
will allow the subcutaneous tissues in the midface to be elevated alleviating jowling,
smoothing the nasolabial folds, and providing an improvement in neck contour. An
identical SMAS suspension should be performed on the contralateral side before
skin closure.

Figure 7 During rhytidectomy, if there is evidence of platysmal banding or neck
lipodystrophy, a separate submental incision may be necessary to provide access for platysmal
plication and submental lipectomy. These procedures should be complete prior to posterior

traction on the skin flap and SMAS.
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Following SMAS suspension, skin flap redraping may proceed. The skin flaps
are retracted in a superior and posterior direction along vectors determined preopera-
tively. Two points are then anchored using 2–0 nylon sutures: one in the temporal
scalp incision 1–2 cm superior to the root of the helix and the other at the apex of
the postauricular incision (Fig. 9). Excess skin in the temporal region is excised
and the incision is closed with 3–0 Vicryl in the dermis followed by 3–0 Prolene or
staples in the skin. Excess posterior conchal and preauricular skin is excised and

Figure 8 Note the very superficial location of the great auricular nerve: the most commonly
injured nerve in facelifting.

Figure 9 The skin flap is pulled along two vectors. Two points are anchored using 2–0 nylon

sutures: one in the temporal scalp incision 1–2 cm superior to the root of the helix and the
other at the apex of the postauricular incision.

1026 Giachino and Spiegel



the dermis is approximated with 4–0 Vicryl. The preauricular skin is closed with 5–0
nylon and the postauricular conchal skin is approximated with 5–0 catgut. Skin trim-
ming under the lobule should be limited to prevent visible scar and distortion of the
ear lobe (Fig. 10). Skin excess in the retroauricular area is removed and the skin flap is
closed with 3–0 Vicryl dermal sutures and skin staples. Bacitracin and Xeroform
dressings are placed over the incisions followed by gauze. The patient is then wrapped
with gauze and an elastic bandage or a compressive facelift garment. Prior to closure
of the posterior incisions, a small suction drain is placed under the neck skin flap and
brought out of the posterior most aspect of the retroauricular incision.

Complications

Complications after rhytidectomy occasionally occur and should be recognized and
addressed by the surgeon expeditiously. These include hematoma, skin slough, alo-
pecia, scarring, nerve injury, and pigmentary changes. Other minor complications as
defined by Baker are alopecia (1–3%), infection (1%), hypertrophic scar (1–4%),
and earlobe deformity (5%) (21). Careful preoperative evaluation, meticulous surgi-
cal technique, and appropriate postoperative management are key elements of a suc-
cessful rhytidectomy.

Hematoma

Hematoma is the most common complication in facelift surgery. It usually occurs
within the first 24 h and can threaten skin flap survival and potentially obstruct
the airway. If hematoma is suspected, the patient should be promptly evaluated.
Dressings should be removed and, if a hematoma is present, sutures removed to pro-
vide immediate relief. The patient should then return to the operating room for the

Figure 10 Final skin closure. Note the drain taken out of the postauricular incision.

Trimming of skin under the earlobe should be conservative to prevent distortion.
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surgeon to evaluate the skin flaps and attempt to find the bleeding vessel. An
obvious source of bleeding is rarely discovered. Small hematomas may not be appar-
ent until after facial edema has resolved. In these cases, one should wait 1–2 weeks
for the hematoma to liquefy before attempting aspiration. This may require several
treatments. Untreated hematomas may lead to skin irregularity, skin induration, and
ecchymotic discoloration that in some cases can leave permanent hemosiderin depos-
its and staining of the skin. Overall, the incidence of hematoma formation is 0.3–
8.1% (22). Patients most likely to develop a hematoma are men, hypertensive
patients, and those taking acetylsalicylic acid or other anticoagulants.

Skin Slough

Skin slough may be full or partial thickness. It may be seen as a result of hematoma
or infection. Studies indicate that the incidence of skin slough is between 1 and
3% (23,24). It is most frequently encountered in the postauricular and mastoid areas,
as a result of hematoma, intraoperative injury to the flap, elevation of an excessively
thin flap, or excessive tension on the skin closure. Smokers are also at increased risk
of skin necrosis due to the effects on the microcirculation of nicotine and carbon
monoxide (25). Initial treatment consists of observation and dressing changes. Par-
tial-thickness loss is allowed to re-epithelialize and contract with little noticeable
scarring. After several days, small areas of skin necrosis may be excised and the skin
flap readvanced.

Nerve Injury

Nerve injury is rare. Early numbness of the cheek and lower ear is due to postopera-
tive edema and division of small sensory nerve branches. This alteration in sensation
is usually transient. The nerve most commonly permanently injured is the greater
auricular nerve, resulting in numbness of the ear lobe and helix. It occurs as a result
of dissecting too deep over the sternocleidomastoid muscle. If recognized during the
procedure, it should be repaired immediately. Permanent injury to the facial nerve
occurs infrequently. Facial nerve injury can be avoided by having a thorough under-
standing of facial nerve anatomy and its relationship to other facial structures
involved in facelift surgery. The buccal branches are the most commonly injured
but, because of significant cross innervation, this injury is usually not disfiguring.
Injury to the marginal mandibular and temporal branches will be obvious postopera-
tively. If a facial nerve injury is noted at the time of surgery, it should be repaired
immediately. Facial nerve palsies should be observed, with most resolving within a
year. A review of recent literature reveals that the incidence of nerve injury is
reported to be between 0 and 4.3%.

BROW AND FOREHEAD LIFTING

Forehead aging is rarely improved by standard rhytidectomy techniques. Correction
of brow ptosis, transverse forehead wrinkles, and glabellar creases often require
direct surgical intervention. Endoscopic and traditional forehead lifting procedures
have been the most effective methods for treating forehead aging. However, recently
botulinum toxin type A (Botox, Allergan), a diluted form of botulinum toxin, has
recently received approval by The Food and Drug Administration (FDA) for the
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treatment of glabellar rhytides. Although targeted injections of Botox can result in
some degree of brow lifting, surgery is still required in the vast majority of patients
seeking a significant change in elevation and effacement of the brow and upper eye-
lids.

Anatomy

Several muscles are involved in the formation of forehead rhytides. Overactivity of
these muscles results in forehead and glabellar wrinkling. Natural skin aging and
gravitational effects, on the other hand, are primarily responsible for forehead and
brow ptosis. The primary muscles involved in wrinkle formation are the frontalis,
procerus, and corrugators. The frontalis muscle is an extension of the galea aponeur-
otica and inserts into the dermis of the upper brow. Frontalis activity produces
transverse forehead wrinkling. Procerus and corrugator muscles are primarily medial
brow depressors. The procerus originates from the upper nasal bones and inserts into
the glabellar dermis. Contraction of the procerus will depress the medial brow, thus
causing transverse wrinkling of the nasal radix. The corrugator muscles also work to
depress the medial brow. They originate on the superomedial orbital rim and insert
onto the medial brow skin. When contracted, vertical and oblique glabellar wrinkles
form. These muscles are the primary focus of modern forehead lifting procedures
and must be adequately addressed to ensure satisfactory results (26).

Patient Evaluation

The patient should be evaluated in a well-lit examination room. The characteristics
of the forehead should be assessed, including the degree of wrinkling in the forehead
and glabella. Forehead height, hairline position, and hair density are also important
elements in the initial examination. Brow position should be noted, including its con-
tribution to upper eyelid fullness. In certain cases, elevation of the brow will relieve
fullness in the upper eyelid, thus avoiding the need for blepharoplasty. The ideal
brow position has been described by Ellenbogen (27) as follows (Fig. 11):

1. Beginning medially at a vertical line perpendicular to the alar base.
2. The lateral brow terminates at an oblique line through the nasal ala and

lateral canthus.
3. The medial and lateral ends lie approximately at the same horizontal level.
4. The apex of the brow lies on a vertical line directly above the lateral limbus.
5. The brow arches above the supraorbital rim in women; it lies along the rim

in men.

Techniques

Several surgical techniques have been described for forehead rejuvenation. The sim-
plest of these is direct excision of skin along the upper eyebrow. This procedure is
usually suitable for men with thicker eyebrows that can provide camouflage for
the scars and for patients with alopecia that would make scars on the forehead or
scalp apparent. Excision of an ellipse of skin in the midforehead may be suitable
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for patients with thinning eyebrows but with deep midforehead creases that can pro-
vide camouflage for the scar. A distinct advantage of the direct and midforehead
brow lift is the ability to tailor the degree of elevation and shape of the eyebrow
by altering the width and shape of the ellipse of skin excised (Figs. 12, 13).

The coronal incision forehead browlift is employed by most surgeons. In a
patient with a high forehead (> 5 cm), an anterior hairline incision should be per-
formed to avoid elevating the hairline further (28) (Fig. 14). When performing a
standard coronal brow lift, several dissection planes are available. Subcutaneous dis-
section has the advantage of directly addressing forehead wrinkles without disrupt-
ing the supraorbital nerves that provide sensation to the anterior scalp. The
disadvantage of the subcutaneous approach is that the vascularity of the skin flap
may be compromised leading to alopecia, wound dehiscence, skin slough, and poor
scarring (29). A subgaleal (supraperiosteal) dissection may be preferable because of
the ease and rapidity of the dissection, allowing direct visualization of the muscles
responsible for forehead wrinkling (30). The main disadvantage of the subgaleal dis-
section is scalp numbness posterior to the incision secondary to division of the
supraorbital nerves. The subperiosteal approach is believed to produce a more effec-
tive lift of the brows. This is accomplished by allowing the forehead tissues to slide
easily over the frontal bone. Scarring of the periosteum to the underlying frontal
bone adds to the permanency of the lift. The theoretical disadvantage of this
approach is that some bone resorption may occur because the frontal bone has been

Figure 11 The ideal brow position begins medially at a vertical line perpendicular to the alar

base (1–2); the lateral brow terminates at an oblique line through the nasal ala and lateral
canthus (1–3); the medial and lateral ends lie approximately at the same horizontal level (2–3);
the apex of the brow lies on a vertical line directly above the lateral limbus (4).
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separated from the periosteum that provides its blood supply. The subperiosteal
approach is the most common approach used in endoscopic forehead lifting (31).

Coronal Lift

The planned coronal incision is marked so that the central portion of the incision is
placed at least 7 cm behind the anterior hairline. This allows, after resection of
redundant skin, at least 5 cm of hair-bearing scalp to remain anterior to the incision.
This marking should then be carried laterally, gently curving into the temporal scalp
toward the root of the helix (Fig. 15). Once the markings are finished, the sides
should be compared for symmetry. The planned incision is then infiltrated with lido-
caine with epinephrine to provide anesthesia and hemostasis. The incision is then
made with a scalpel beveled in the direction of the hair follicles to minimize injury
and postoperative alopecia. Once the incision is complete and hemostasis achieved,
a subgaleal dissection is carried down toward the supraorbital rims. As the dissection
approaches the orbital rims, care should be taken to identify the supraorbital and
supratrochlear neurovascular bundles. By taking the time to do so, the risk of inad-
vertent injury is minimized. The flap can be released from its supraorbital attach-
ments and the dissection continued onto the nasal dorsum. The corrugators are
next identified and cut, avoiding injury to the supratrochlear nerves. Complete resec-
tion of the corrugators is not recommended since doing so may lead to a soft tissue
depression. The procerus muscle attachments to the glabella are released sharply
under the areas of transverse glabellar creasing. At this point, the forehead flap is
redraped posteriorly and fixated deeply at three points with 2–0 nylon sutures. These
points include the midline and each temporal scalp: roughly in line vertically with the
lateral canthus. Once fixation is accomplished, excess flap is trimmed and the

Figure 12 As noted in left photograph, this patient has age-related descent of her left brow
resulting in asymmetry, heaviness, and a superior visual field cut. An ellipse of skin in the
midforehead is excised, resulting in controlled correction of this deformity and elimination of

the vision problems.
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galea= subcutaneous tissues are approximated with 2–0 and 3–0 Vicryl sutures (Fig.
16). The skin is closed with staples. Postoperatively, the patient should expect mild to
moderate pain, some eyelid elevation requiring ophthalmic lubrication, swelling, and
periorbital ecchymosis.

Endoscopic Forehead Lift

The increasing popularity of minimally invasive surgery has not been overlooked in
the advancement of aesthetic surgery. The endoscopic brow lift is an easy, safe, and
effective method of rejuvenating the forehead and lifting the eyebrows. Candidates

Figure 13 Same patient as in Figure 12. Preoperative photograph (above) shows brow

asymmetry and postoperative result (below) shows appearance after a unilateral midforehead
brow lift.
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for endoscopic forehead lifting include those with a short forehead and balding
patients to avoid placement of conspicuous coronal scars. The basic instrumentation
for performing endoscopic brow elevation includes a 4–5mm rigid 30 degree angled
scope with a standard light source, one or two angled endoscopic periosteal eleva-
tors, graspers, scissors, and cautery. The procedure begins with preoperative mark-
ings at the planned incision sites. These are three to five sites through which the
endoscope and instruments will gain access. Each incision is 2 cm in length and
placed 3–5 cm posterior to the anterior hairline: one in the midline, two incisions
each 4 cm lateral to the midline, and two incisions each in the temporal region in line
with the lateral canthi. It is advisable at this point to mark the general location of the

Figure 14 Different incisions used in brow and forehead lifting: anterior hairline
(pretrichial), upper eyebrow, and coronal.

Figure 15 The coronal lift is performed by first incising the scalp across the vertex, gently

curving into the temporal scalp toward the root of the helix.
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supraorbital and supratrochlear nerves as a reference when performing the dissec-
tion. Following administration of general anesthesia, a mixture of lidocaine and epi-
nephrine is injected into the proposed incisions as well as into the forehead flap for
hemostasis.

After the incisions are made, the dissection begins in the temporal scalp.
Through the lateral incisions, the dissection proceeds through the temporoparietal
fascia in a subgaleal plane over the deep temporal fascia. Using the elevators, the dis-
section proceeds up to the lateral orbital rims and to the anterior two-thirds of the
zygomatic arch. Dissection in the region of the posterior zygomatic arch should be
avoided to prevent injury to the superficial temporal vessels. Once the temporal dis-
sections are complete the central dissection commences. This dissection is carried
toward the supraorbital rims in the subperiosteal plane (Fig. 17). At the level of
the orbital rims the supratrochlear and supraorbital nerves should be identified.
The lateral dissection proceeds to join the temporal dissection. Upon completion
of the entire dissection, the corrugators and procerus muscles are visualized, cut,
and partially resected. In some cases, free fat grafting may be necessary to avoid a
glabellar depression after muscle resection. Careful hemostasis should be achieved
before closure.

The periosteum of the forehead flap is fixated to screws inserted directly into
the frontal bone. These titanium screws are 1.5mm in diameter and 12–18mm in
length. They are placed 4mm into the bone through the three central incisions.
The screws will suspend the forehead flap by the periosteum and are removed 10–
14 days postoperatively, after the flap has sufficiently scarred into place. As an alter-
native, resorbable screws may be used that are placed under the skin and need not be
removed. Plication of the temporoparietal fascia to the deep temporal fascia using 3–
0 PDS is also useful in fixating the flap. All incisions are closed in two layers, with
the final skin closure performed with staples. The patient remains on oral antibiotics
for 7 days postoperatively. If a drain is used, it is usually removed on postoperative
day 3. The staples and percutaneous fixation screws may be removed postoperative
days 10–14.

Figure 16 At the completion of the coronal lift, the flap is redraped posteriorly and fixated
deeply at the midline and each temporal scalp: roughly in line vertically with the lateral
canthus. Once fixation is accomplished, excess flap is trimmed and galea=subcutaneous tissues
are approximated.
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Disadvantages include the cost of equipment and training, extended operative
time, and increased risk of nerve or vessel injury due to poor visualization (32). Com-
plications include hematoma, alopecia, paralysis of the frontalis muscle, loss of sen-
sation, scar pain and itching, and skin necrosis. Hematoma is rare but can result in
flap necrosis and alopecia. If hematoma is suspected, the patient should be promptly
evaluated and treated. Alopecia may also be caused by excess flap tension or hair
follicle injury around the incisions. Frontalis muscle paralysis due to injury of the
frontal branch of facial nerve is usually temporary, with return of function usually
occurring within the first year.

Botulinum Toxin

Botulinum A toxin (Botox, Allergan) is a medical protein derived from the C. botu-
linum bacteria. When Botox is injected into a muscle, it causes temporary paralysis of
that muscle. It has been safely used for many years in the treatment of eyelid spasm,
eye muscle spasm causing crossed eyes, correction of facial muscle imbalance, and
neck muscle spasm. The FDA has cleared Botox for the above uses and recently
approval was given for its use to improve glabellar wrinkles.

Botox (botulinum toxin type A) works by blocking neuromuscular transmis-
sion by first binding to the cholinergic motor nerve terminal (via its heavy chain).
The toxin molecule is internalized and its light chain is released. This light chain
blocks acetylcholine release by cleaving a cytoplasmic protein on the cell membrane
of the nerve terminal. The synthesis and reserves of acetylcholine within the cell
remain unaffected. As a result of the toxin, the motor end-plate actually expands

Figure 17 The endoscopic forehead lift is performed through minimal access scalp incisions
with specially designed curved endoscopic scopes and surgical cutting and grasping

instruments. Key parts of the procedure include corrugator resection and suture anchoring
at the access incisions.
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and there is new collateral axonal sprouting that eventually establishes a new neuro-
muscular junction, thereby resulting in return of motor function (33–35). The origi-
nal motor terminal may also return to functionality, according to literature cited by
Allergan (36).

Hyperactive facial muscles around the eyes and lower forehead may give a per-
son an angry or tired=displeased appearance, even when they are not experiencing
that emotion. Inactivating these small muscles reduces this undesirable effect and
decreases the propensity to form wrinkles from these expressions. The cords or
bands that protrude from the neck with the aging process may require surgery. How-
ever, certain patients can get significant improvement in these bands using Botox
therapy. The cosmetic uses of botulinum A toxin include glabella frown lines (wrin-
kles between the eyebrows), forehead creases and horizontal forehead lines, crows
feet, and platysmal bands (thick cords or bands in the neck).

Procedure

In a simple office procedure, the toxin is injected using a fine needle in the overactive
muscles (Fig. 18). The muscle function becomes weakened, eliminating part or all of
its function. Long standing skin creases will soften and may eventually disappear.
The result is a softer, more relaxed, pleasant appearance. The procedure takes about
10min. The patient may return to work immediately, however, he or she should
avoid exercise or massaging the area for at least 4 h to limit any possible spreading
of the toxin to adjacent muscles. The effects take several days to develop. Once the
muscle function is impaired, the results will last 3–11 months. In some cases, the
initial therapy will not be totally effective and the treatment may need to be per-
formed again. Most patients require less frequent injections over time as the muscles
retrain or weaken from disuse. Possible side effects include mild swelling at the injec-
tion site, headache, localized numbness, bruising, rash, and temporary loss of func-
tion of a nearby muscle (ptosis).

CERVICOFACIAL LIPOSUCTION

Aging, hereditary factors, and a lifetime of diet and exercise choices lead to a variety
of facial and cervical contour aberrations caused by isolated excess deposits of fat
that are especially evident in the neck. These fatty deposits often persist despite
weight loss and exercise. Although rhytidectomy may tighten the overlying skin,
and other techniques may be applied to address platysmal banding, the fat pads
remain. Only surgical removal through open or closed techniques will effectively
solve the problem.

Facial Analysis

Overall, the appearance of the submental–cervical region is influenced by the degree
of laxity of the SMAS and platysma, lipomatosis, mandibular contour and dental
configuration, and hyoid position (37). A cervicomental angle of between 90 and
120 degrees is considered youthful and attractive (37),(38),(39). A cervicomental
angle of more than 120 degrees makes the neck look full and heavy. The hyoid bone
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Figure 18 This patient is undergoing Botox injections for crow’s feet (upper photograph)
and for glabellar frown line (lower photograph). Injections for crow’s feet are very superficial:
just under the dermis. Injections for glabellar frown lines are performed by grasping the
corrugator muscle and deeply infiltrating the muscle.
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should be at the apex of this angle and the platysma should be well decussated in the
midline from the mentum to the hyoid bone. Additionally, there should be a well-
defined inferior border to the mandible, a distinct anterior sternocleidomastoid mus-
cle border, a visible bulge of the thyroid cartilage, and a mild subhyoid depression.
Of course, excessive fat blunts these angles and limits the degree to which anatomical
borders appear distinct.

Pathophysiology

The body generates new fat cells through puberty. After puberty, the number of new
fat cells formed greatly decreases. However, the fat cells present retain an ability to
increase in size considerably through the deposition of additional fatty materials
within their cell membranes. Isolated pockets of fat may become particularly notice-
able when the fat cells increase in size. Experience has shown, however, that when the
isolated pockets of fat are surgically removed in part, any future weight gain is dis-
tributed more evenly throughout the body. Therefore, a former problem area may
not become as noticeable as it once was, despite the increase in weight.

Surgeons have thus striven to improve the cervicofacial appearance by resec-
tion of isolated fat pockets. Sharp surgical lipectomy was often performed at the time
of rhytidectomy since wide and open exposure of the fatty deposits was necessary to
achieve the desired results. Unfortunately, sharp surgical lipectomy is difficult to per-
form well. It is challenging to remove an even and appropriate amount of fat and
leave the patient with smooth skin with subtle transitions. Furthermore, the proce-
dure was beset with the risk of scarring and dimpling of the overlying skin (40). For-
tunately, with the advent of closed techniques and suction lipectomy, more consistent
and reliable results are attainable.

Liposuction

In 1983, Illouz reported on a 5 year experience with over 3000 cases of suction lipect-
omy (41). Liposuction can either be done open as during a rhytidectomy or closed in
which only very small hidden incisions are made for access. In essence, the technique
allows for a reduction of areas with excess fat by repeatedly passing a blunt-tipped
cannula through the fat deposit. The cannula is connected to suction that allows for
the mechanical removal of adipocytes. The matrix of bluntly dissected tunnels allows
for an even removal of fat. Subsequent contraction of the tunnels permits the over-
lying skin to recontour in the treated areas. Liposuction provides many advantages
over sharp lipectomy including more controlled and even removal of fat, decreased
scarring, improved patient comfort, and lessened surgical risk.

Of course, liposuction is not a treatment for general obesity: it is most effective
for isolated fat deposits. Typically, it is advisable for patients to maintain a stable
weight for at least 6 months prior to the procedure. The neck is a particularly favor-
able area for liposuction because dramatic long-term improvements in skin laxity
can occur (42). However, the techniques used in suction lipectomy have many addi-
tional applications. For example, liposuction facilitates the development of the sub-
cutaneous flap during rhytidectomy and can be used in the treatment of benign
lipomas, Madelung’s disease, and human immunovirus (HIV) lipodystrophy. In
addition, liposuction has been reported to improve the contour of both free and
pedicled flaps (43–45).
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Patient Selection

As with any surgical procedure, appropriate patient selection is important. Specifi-
cally, since closed liposuction depends upon contraction and recontouring of the
overlying skin, patients with excessive skin redundancy or excessive loss of skin elas-
ticity may be poor candidates. Of course, it has been noted ‘‘of all body sites the neck
is, by far, the area where retractability after suction lipectomy is greatest’’ (42). The
face, however, has poor retractability after liposuction. For example, liposuction of
the buccal fat pads may lead to an unappealing cavernous facial appearance. Some
success has been achieved with liposuction around the nasolabial folds, although the
results have been inconsistent. The jowls and submental and submandibular regions
fare well after liposuction. However, not all authors agree that the neck and jowls
retain their ability to recontour. After 40 years of age, the skin may not contract
satisfactorily and additional treatments (e.g., rhytidectomy or platysmal procedures)
may be required (46).

In addition to assessing skin laxity, it is important to determine the degree to
which other anatomical variables are contributing to the appearance of the neck. A
low-lying hyoid bone, retrognathia, and platysmal banding will adversely affect the
outcome of otherwise successful liposuction. A chin implant or advancement and
platysmal plication are reasonable adjuncts in some patients. A low-lying hyoid can-
not be reliably corrected and this should be pointed out to the patient. Any pre-exist-
ing scars, dimples, and imperfections of the skin should be likewise noted.

Equipment

The equipment necessary for liposuction is simple in concept. In addition to the basic
instruments needed to make a small incision in the skin (scalpel blade, dissecting scis-
sors), a liposuction cannula is needed with a source for suction.

Varieties of cannulae are available. They vary in length, shape, number, and
location of holes. They may be disposable. Often, the most popular type is single-
use disposable cannulae that eliminate the difficult cleaning and sterilization required
for reusable cannulae of such small diameter. Regardless of the cannula selected, all
should have a blunt tip for atraumatic tunneling and be smooth with a consistent dia-
meter. Typical cannula length for neck liposuction is 25 cm with a diameter of 3–6mm
with a rounded or spatulated blunt tip. Larger liposuction cannulae allow more rapid
removal of fat; however, the smaller cannulae for use in the cervicofacial area creates
more tunneling and results in improved skin contraction and contour.

A variety of liposuction machines are available that provide a consistent and
adjustable vacuum, an appropriate-sized collection jar, and thick-walled suction tub-
ing that can withstand the negative pressures applied. Typically, cervicofacial lipo-
suction is performed at around �700mm HG suction pressure. However, suction
up to �1 atm may be used. For smaller fat pockets or to obtain small volumes of
fat for autologous fat injection, the suction provided by a 60 cc syringe is adequate.

Technique

One particular advantage for surgeons targeting the head and neck is that cervicofa-
cial liposuction addresses fat deposits directly underneath the dermis (i.e., the
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superficial fat). This fat is in the supraplatysmal plane, well superficial to the facial
nerve that lies in the subplatysmal plane. The liposuction cannula can be palpated
with the thumb and index finger of the nondominant hand during liposuction,
and cannula depth and fat removal can be easily noted. Therefore, intraoperative
monitoring of the amount and consistency of fat removal is easier in the cervicofacial
area than in other parts of the body (42).

Although not always necessary, for patients with prominent isolated fat collec-
tions preoperative marking may be a helpful reminder to the surgeon because the
appearance of the neck may change once the patient is placed in a supine position.
Marking, of course, should be done with the patient in a sitting or standing position.
Appropriate surgical preparation is required as well.

Cervicofacial liposuction can be done under general anesthesia, with intrave-
nous sedation, or with straight local anesthetic use. Infiltration of an anesthetic
and vasoconstricting solution (e.g., 1% lidocaine with 1:100,000 epinephrine) via a
long small-gauge needle is necessary. In addition to assisting with anesthesia and
bleeding at the sites of incision, wide diffuse infiltration of the fatty deposits will help
with bleeding and subsequent bruising, provide anesthesia, and permit a smoother
removal of the fat. Some surgeons prefer to utilize techniques that have been proven
helpful in body liposuction such as the infiltration of a high volume of a very dilute
lidocaine solution (tumescent technique). For example, a large-bore blunt injector
could place up to 500ml of a solution of normal saline with 50 cc 1% lidocaine with
1:100,000 epinephrine (40). However, the usually limited volume of fat in the neck
and the ease with which the progress and cannula position can be ascertained have
obviated the need for these high-volume injections. The use of vibrating cannulae or
the application of an external ultrasound device has been used with benefit in body
liposuction but likewise is not necessary for cervicofacial indications.

Following injection and marking, an access incision is made. For neck lipo-
suction, the incision can be made posterior to the lobule of the ear in the inferior
aspect of the postauricular sulcus. Many surgeons prefer to use a small incision in
the submental crease primarily and to use the postauricular incision only to refine
the submandibular region. If the nasolabial fold is going to be targeted, a very
well camouflaged incision can be made in the nasal vestibule. The incision need
only be slightly larger than the diameter of the cannula. The incision in this
so-called closed liposuction technique serves only to allow the cannula to enter
the subcutaneous space and to be moved without excessive friction (Fig. 19).
After the incision is made, a minimal amount of dissection with a scissors may
be helpful to allow for easier insertion of the cannula. Following this, several
passes are made with the cannula to create tunnels. This is done without suction
as it permits the surgeon to familiarize him or herself with the depth and path of
the cannula and to create preformed tunnels for easier cannula movement and fat
evacuation.

In general, tunnels should stay anterior to the anterior border of the sternoclei-
domastoid muscle and posterior to the thyroid cartilage of the larynx. Superiorly,
one should use liposuction on the jowls along the mandible to create a more defined
mandibular border. However, caution must be exercised because excessive fat
removal in this area can overly define the mandibular border and masculinize the
neck. This is of particular concern when the patient is to undergo a simultaneous rhy-
tidectomy in which the skin and SMAS draping will further define these structures.
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Passes with the cannula radiate from the incision site and the nondominant
hand of the surgeon can be used to palpate the cannula beneath the skin. This allows
the surgeon to know the precise location of the cannula as well as its depth from the
skin surface. It is important to pay careful attention to cannula depth to ensure that
a consistently thick layer of subcutaneous fat remains on the deep surface of the
overlying dermis. This fat layer will prevent dimpling and scarring of the overlying
skin to the platysma muscle.

Figure 19 Liposuction via a closed technique as depicted in the upper photograph and via
an open technique in the lower photograph. Although the instrumentation is similar, the

closed technique is performed through a small access incision, usually near the lobule. An
open technique is often performed during rhytidectomy under a widely undermined
subcutaneous flap.

Face Lifting and Liposuction 1041



After pretunneling has been done, the suction tubing is attached to the cannula
and the suction is turned on. It is important to be certain that the openings to the
lumen of the cannula remain oriented away from the skin during suction lipectomy.
If the overlying skin were to be pulled into the suction, scarring, dimpling, and
lesions could occur. In addition, an excessive amount of fat would be removed from
the undersurface of the dermis.

As liposuction continues, it is important to assess regularly the amount of
fat removed. This is done by palpating and pinching the skin on the neck. As
fat pockets are reduced, the borders of the fat pockets should undergo liposuc-
tion to a lesser degree to allow for a smooth feathering from one area to another
and more consistent redraping of the overlying skin. As mentioned, frequent
assessment is necessary. Once it has been determined that an area needs addi-
tional attention, be certain not to turn the suction on until the cannula tip is
in the offending fat. This will help to prevent overresection of fat elsewhere as
well as injury to the underlying muscle. In some cases, areas of skin dimpling
caused by fibrous fatty deposits will present themselves as the liposuction pro-
gresses. These areas can be addressed sharply or with repeated passes with the
cannula.

Liposuction is a helpful adjunct to rhytidectomy. After a small amount of the
flap has been raised, the liposuction cannula can be passed as in the closed technique
into the neck. Fat removal can proceed as described but pretunneling can also be
done inferior to the zygoma and over the cheek to the nasolabial fold. Elevation
of uniform rhytidectomy flaps is greatly facilitated by the tunneling of liposuction,
particularly in the neck. In typical cases, only relatively widely spaced fibrous septae
remain to be divided. A spatula-shaped suction cannula can also be placed opening
down directly onto the preparotid fat for sculpting.

The goal of liposuction is to remove fat so that the overlying tissues can recon-
tour to the underlying structures and provide a more youthful defined neck. It is
imperative that the overlying tissues heal smoothly. Therefore, at the completion
of the procedure a light pressure dressing is applied around the neck. Several liposuc-
tion and rhytidectomy bandages are commercially available or an elastic bandage
can be used. The patient is instructed to wear this dressing continuously for 1 week
and then at night for an additional 1–2 weeks. The dressing improves contour,
reduces edema, and helps reduce the chance of hematoma formation. Several
authors stress that improvement in cervicofacial contour and appearance can be
expected for up to a year postoperatively and may not be seen as rapidly as with
body liposuction (40,42). In fact, the area can be hard, lumpy, edematous, or infil-
trated for several months.

Complications

Complications are rare with cervicofacial liposuction as the overall volume reduction
is quite low compared to body liposuction (after which shock, blood loss, fluid shifts,
and deep venous thrombosis are all risks). Hematomas and seromas are the most
common, although they still occur only rarely. These can be addressed with drai-
nage, rolling, and a light pressure dressing. Poor results are often due to patient
selection (e.g., patients with excessive skin laxity or low-lying hyoid bone), although
inexperience can contribute to nonsymmetrical liposuction or irregularities. Scarring
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and facial nerve injury (usually temporary) are infrequently encountered. Small areas
of fat persistence can be treated with office liposuction using a small cannula and a
syringe or with periodic steroid injections.
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Acral lentiginous melanoma,

cutaneous, 101
Actinic keratoses, 87, 88
dermabrasion for, 967

Active infection,
dermabrasion
contraindication for, 968

Adnexal carcinoma,
cutaneous, 101

Adnexal tumors, malignant,
123–129

hair follicle differentiation,
123, 124

sebaceous gland
differentiation, 129

sweat gland differentiation,
124–129

Aesthetic photography, 1–3
digital photography, 1–3
equipment guidelines, 1

Aging skin, pathophysiology
of, 1013, 1014

Alexandrite laser ablation,
long-pulsed, 985

Alopecia, 997–1012
androgenic alopecia,
medical treatment,
1002, 1003

balding, theories of, 999,
1000

consultation, 1000–1002
age, 1001
color of hair, 1001, 1002
physical examination,
1001
texture of hair, 1001, 1002
future developments, 1010,
1011

hair, anatomy of, 997, 998
hair growth, factors
affecting, 998, 999

hair loss, classification of,
1000

nonsurgical management,
1003

scalp, anatomy of, 997, 998
surgical management,
1003–1010

[Alopecia]
follicular transfer, micro-
minigrafts, 1004–1007

frontal alopecia, flap
reconstruction for, 1007,
1008

frontal hairline, designing,
1003, 1004
scalp reduction, hair line
advancement, 1008–1010

vertex, surgical
reconstruction of, 1008

Alpha-hydroxy acids, in
chemical peeling, 960, 961

Amblyopia, 896
Amelanotic melanoma,

cutaneous, 101
Amputations of facial

structures, traumatic, 686
Androgenic alopecia, medical

treatment, 1002, 1003
Anesthetics, 25–52
general anesthetics, 38–50
complications, 49, 50
fasting guidelines, 39
health assessment, 38
inhalational agents, 49
intravenous agents, 48
monitored anesthesia care,
42
premedication, 39–41
preoperative
considerations, 38–42

lidocaine toxicity, signs of,
30

local agents, 27–31
complications, 29–31
topicals, 29
malignant hyperthermia,
treatment of, 51

methods, 25, 26
pharmacological properties
of, 27

premedication
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[Anesthetics]
classes of, 40
types of, 40
regional blocks, 31–37
ear, 37
forehead, 33
infraorbital nerve, 33, 34
mandibular nerve, 35
maxillary nerve, 35–37
mentum/lip, 34, 35
nose, 37
scalp, 32
sedatives, properties of,
43–47

settings for plastic surgery,
26, 27

special considerations, 50,
51

Angiofibromas of tuberous
sclerosis, dermabrasion
for, 967

Angiosarcoma, 102
Anticoagulants, poor wound

healing with, 60
Antineoplastic agents, poor

wound healing with, 60
Antiseptics, topical, wound

healing, 58–60
Anxiety, with lidocaine

toxicity, 30
Apocrine carcinoma, sweat

glands, 101
Argon-pumped tunable dye

laser, laser ablation,
989

Arm free flap, lateral, 303–
306

Asthenopia, 896
Atherosclerosis, poor wound

healing with, 60
Atresia repair, otoplasty, 919
Atropine, premedication, 40
Atypical fibroxanthoma, 102
Augmentation, tissue, 161–

168
distraction osteogenesis,
167, 168

flap delay, 161, 162
tissue expansion, 162–167
complications, 166, 167
contraindications, 166
expander shape, 163
expander types, 163
histological changes, 165,
166
prolonged tissue
expansion, 163–165

[Augmentation, tissue]
rapid intraoperative tissue
expansion, 166

Augmentation rhinoplasty,
807–823

batten graft, 814, 815
cephalic malposition, 818,
819

columellar strut graft, 815,
816

grafts, 810–818
implants, 810–818
lateral crural strut graft,
814

low radix, 821–823
middle vault, narrow, nasal
valve dysfunction, 823

nasal dorsum techniques,
821–823

nasal tip projection,
inadequate, 820, 821

nasal tip techniques, 818–
821

onlay graft, 812–814
open approach, 809, 810
pollybeak deformity, 819,
820

premaxillary graft,
818

shield graft, 817, 818
splay graft, 812
spreader graft, 811, 812
underrotation, nasal tip/
dependent tip, 821

Auricle
prominent, otoplasty,
903–911

reconstruction of, 702
Auricular prosthesis,

maxillofacial, implant-
supported, 517

Avulsive mandibular injuries,
624–627

Axial flap pathophysiology,
156, 157

Balding, 997–1012
androgenic alopecia,
medical treatment, 1002,
1003

consultation, 1000–1002
age, 1001
color of hair, 1001, 1002
physical examination,
1001
texture of hair, 1001,
1002

[Balding]
future developments in
treatment of, 1010,
1011

hair, anatomy of, 997, 998
hair growth, factors
affecting, 998, 999

hair loss, classification of,
1000

nonsurgical management,
1003

scalp, anatomy of, 997, 998
surgical management,
1003–1010
follicular transfer, micro-
minigrafts, 1004–1007
frontal alopecia, flap
reconstruction for, 1007,
1008
frontal hairline, designing,
1003, 1004
scalp reduction, hair line
advancement, 1008–1010
vertex, surgical
reconstruction of, 1008

theories of, 999, 1000
Ballistics, massive traumatic

tissue loss, 679, 680
Banner facial flap, 181, 182
Basal cell carcinoma, skin,

100–107
Basal cell nevus syndrome,

dermabrasion for, 967
Basement membrane,

histological findings, 17
on surface analysis, 17

Basic rhinoplasty, 731–798
access incisions, 761–764
alar base incision, 764
anatomy, 732–734
anesthesia, 761
arteries, 734, 735
closed vs. open approach,
764–766

collapse of lateral
cartilages, 785–787

columellar strut graft,
775

crura, lateral, medialization
of, 788

grafting, 774, 775
hemitransfixion incision,
764

intercartilaginous incision,
761, 762

intracartilaginous incision,
762, 763
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[Basic rhinoplasty]
lower lateral cartilages,
nasal tip, 768–774
complete strip, 768–770
double dome-binding
suture, 774
interrupted strip, 771, 772
morselization, 772
rim strip, 770, 771
single dome-binding
suture, 773, 774
suture modifications, 772,
773

marginal incision, 763
modified transfixion
incision, 764

muscles, 732–734
nasal ala, 789, 790
nasal alae, 742, 743
nasal bones, 735, 736
nasal cartilages, 736
nasal dorsum, 778, 785
osteotomies, narrowing
nasal dorsum, 782–784
radix, establishing, 785
taking hump, 778–782
nasal fascia, 735
nasal projection, changing,
776–778

nasal rotation, changing,
776

nasal tip, 766–785
nasal valve, 741, 742,
785–787

nasal valve dysfunction,
prevention of, 790

nerves, 734, 735
preoperative evaluation,
744–759

scarring, 788
septal deviation/thickening,
787

septoplasty, 791–796
septum, 738–740
shield graft, 775
skin, 732–734
spreader grafts, 774,
775

supra-alar pinching, 788,
789

tip support, 740
topography, 732
transcolumellar incision,
763

transfixion incision, 763,
764

tripod concept, 740, 741

[Basic rhinoplasty]
turbinate hypertrophy,
787, 788

Batten graft, augmentation
rhinoplasty, 814, 815

Benign skin tumors, 77–100
actinic keratoses, 87, 88
benign adnexal tumors,
90–95
apocrine differentiation,
tumors with, 94, 95
eccrine differentiation,
tumors with, 91–93
hair follicle differentiation,
tumors with, 90, 91
sebaceous differentiation,
tumors with, 95

cutaneous cysts, 95–97
dermatofibroma, 88
keloid scars, 89, 90
leiomyoma, 100
lipoma, 100
neural tumors, 100
nevi, 79–86
hamartomas, 84–86
melanocytic nevi, 79–84
nonmelanocytic nevi, 86
seborrheic keratoses, 86
skin tags, 86
vascular tumors, 97–99
congenital hemangiomas,
97, 98

Bernard-von Burow cheek
advancement, lip
reconstruction, 225, 226

Bichat’s fat pad, 896
Bicoronal synostosis, 390–

392, 408–413
operative details, 413
planning, 408–413

Bilobe facial flap, 182, 183
Binder’s syndrome, 793
Bioimplantable materials, 68
acellular human dermis,
71, 72

alloys, 69
ceramics, 71
mammalian-derived
implant materials, 71, 72

metals, 69
polymers, 69–71

Bipedicle, eyelid
reconstruction, 211–213

Blepharedema, 896
Blepharitis, 896
Blepharochalasis, 896
Blepharophimosis, 896

Blepharoplasty, 15, 16, 845–
898

anesthesia, 857, 858
blepharoptosis, 851–853
complications, 887–893
canthal webbing, 890
chemosis, 890
diplopia, 892
dry eye syndrome, 890, 891
eyelid malposition, 888–
890
granuloma, 890
hematoma, superficial, 890
infection, 890
overresection of fat, 891
ptosis, 892
underresection of fat, 891
underresection of skin, 891
upper lid crease
asymmetry, 891, 892
visual loss, 892, 893
dermatochalasis, 849
ectropion, 854, 855
entropion, 854
epicanthal fold, 853, 854
eyebrow ptosis, 847–849
lagophthalmos, 851
laser, 894
lid laxity, 855
lower eyelid
blepharoplasty, 871–887.
See also Lower eyelid
blepharoplasty

lower eyelid retraction,
855, 856

malar folds, 856, 857
Medicare rules, covered
benefits, 893

orbicularis oculus muscle
hypertrophy, 851

orbital fat, prolapsing
lower lid, 851
upper eyelid, 849, 850
preoperative evaluation,
845–857

preoperative preparation,
857, 858

surface analysis for, 15, 16
tear trough deformity, 856
upper eyelid
blepharoplasty, 858–871.
See also Upper eyelid
blepharoplasty

Blepharoptosis, 851–853, 896
blepharoplasty, 865–867

Blocks, regional, 31–37
ear, 37
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[Blocks, regional]
forehead, 33
infraorbital nerve, 33, 34
mandibular nerve, 35
maxillary nerve, 35–37
mentum/lip, 34, 35
nose, 37
scalp, 32

Blurred vision, with lidocaine
toxicity, 30

Bone, wound healing, 64–66
Bowen’s disease, 101
Bradycardia, with lidocaine

toxicity, 30
Breast carcinoma,

metastatic to skin, 140
Brow lifting, 1028–1036
anatomy, 1029
patient evaluation, 1029
procedure, 1036
technique, 1029–1036
botulinum toxin, 1035,
1036
coronal lift, 1031, 1032
endoscopic forehead lift,
1032–1035

Buccinator musculomucosal
flap, 196–199

neurovascular anatomy,
197

Bupivicaine, pharmacological
properties of, 27

Buschke-Lowenstein tumor,
101

Cancer metastatic to skin, 140
breast carcinoma, 140
colon carcinoma, 140, 141
lung carcinoma, 140
ovarian carcinoma, 140,
141

Canthal dystopia, 896
Canthal webbing, as

complication of
blepharoplasty, 890

Capsulopalpebral fascia,
lower eyelid
blepharoplasty, 871

Carbon dioxide, in chemical
peeling, 962

Carcinoma cuniculatum, 101
Cardiac output, diminished,

with lidocaine toxicity, 30
Cardiovascular system, signs

of lidocaine toxicity, 30
Central nervous system, sign

of lidocaine toxicity, 30

Cephalic malposition, nasal
tip, 818, 819

Cephalometric points, 7
Cervical point, 7
Cervicofacial liposuction,

1036–1043
complications, 1042, 1043
equipment, 1039
pathophysiology, 1038
patient selection, 1039
technique, 1039–1042

Cheek advancement,
perinasal flaps, 195

Chemical peeling, 959–966
chemical peeling, deep, 964,
965

complications, 966
medium, 962–964
postprocedure care, 965
superficial, 959–962
alpha-hydroxy acids,
960, 961
carbon dioxide, 962
Jessner’s solution, 961
resorcinol, 962
salicylic acid, 962
trichloroacetic acid, 961

Chemosis, as complication of
blepharoplasty, 890

Chickenpox scars,
dermabrasion for, 967

Children, mandibular
fractures in, 621–623

Chloroprocaine,
pharmacological
properties of, 27

Chondroid syringoma,
malignant, sweat glands,
101

Chronic pulmonary disease,
poor wound healing with,
60

Chronic radiation dermatitis,
dermabrasion for, 967

Chronic renal failure, poor
wound healing with, 60

Cicatricial ectropion, 896
Cimetidine, premedication, 40
Circulatory collapse, with

lidocaine toxicity, 30
Circumoral paresthesia, with

lidocaine toxicity, 30
Clear cell hidradenoma,

malignant, sweat glands,
101

Cleft lip, palate, 359–378
causes, 360

[Cleft lip, palate]
classification of, 363–365
cleft palate, repair of, 375–
377

embryology, 360, 361
initial management, 366,
367

Millard repair, points of,
370

prenatal diagnosis, 365, 366
surgical anatomy, 362, 363
timing of repair, 367, 368
unilateral cleft lip, repair
of, 368–375

CO2 laser resurfacing, 979,
980

Coagulation disorders, poor
wound healing with, 60

Cocaine, pharmacological
properties of, 27

Colchicine, poor wound
healing with, 60

Colloid milium,
dermabrasion for, 967

Colon carcinoma, metastatic
to skin, 140, 141

Color of hair, in alopecia
examination, 1001, 1002

Columella point,
cephalometric point, 7

Columellar strut graft
augmentation rhinoplasty,
815, 816

in basic rhinoplasty, 775
Coma, with lidocaine toxicity,

30
Commissure reconstruction,

lip reconstruction, 217,
218

Conchal excavation,
otoplasty, tragus
formation, 922, 923

Conduction defects, with
lidocaine toxicity, 30

Condylar injuries, 618–621
diagnosis, 618, 619
treatment, 619–621
dislocations, 619
fractures, 619–621

Confusion, with lidocaine
toxicity, 30

Congenital abnormalities,
wound healing and, 62

Congenital craniofacial
anomalies, 379–447

Congenital pigmented neva,
dermabrasion for, 967
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Congestive heart failure, poor
wound healing with, 60

Convulsions, with lidocaine
toxicity, 30

Coronal approach, facial
skeleton trauma, 524–529

Cosmetic lower eyelid
blepharoplasty, 874–879

ectropion, 884, 885
entropion, 885, 886
festoons, 887
lower eyelid retraction, 886,
887

lower lid laxity,
malposition, correction of,
879, 887

malar folds, 887
retroseptal approach, 876,
877

tear trough deformity, 887
technique, 875, 876
tranconjunctival orbital fat
repositioning, 877, 878

transconjunctival
approach, 876

transconjunctival SOOF
lift, 878, 879

transcutaneous approach,
875

Cosmetic upper eyelid
blepharoplasty, 860, 865

orbital fat excision, 862–
864

skin excision, 861, 862
technique synopsis, 864,
865

Craniofacial anomalies,
congenital, 379–447

absorbable plates, 418
bicoronal synostosis, 408–
413
operative details, 413
planning, 408–413
craniofacial distraction,
435–444
basic science, 435, 436
complications, 438, 439
distraction osteogenesis,
436
inability to decannulate
successfully, as
complication, 439
infection, as complication,
438
inferior alveolar nerve,
damage to, as
complication, 438, 439

[Craniofacial anomalies,
congenital]
investigations,
preoperative planning, 436
long-term growth, as
complication, 439
mandible, asymmetry of,
as complication, 439
mandibular distraction,
436
maxillary distraction
osteogenesis, 440–444
procedure, 437
craniofacial syndromes, 427
management, 434
craniosynostosis, 379–397
bicoronal synostosis,
390–392
causes, 379, 380
clinical examination,
diagnosis, 381–384
investigations, 386–388
lamdoid synostosis, 393–
395
magnetic resonance
imaging scan, 395
metopic synostosis, 389,
390
need for surgery, 396
neurodevelopmental
analysis, 396
pathogenesis, 380, 381
plagiocephaly, without
synostosis, deformational
plagiocephaly, 385, 386
positron emission
tomographic scan, 396
sagittal synostosis, 388,
389
timing of surgery, 396, 397
unicoronal synostosis, 393
hydroxyapatite bone
substitute, use of, 418–427

metopic synostosis, 413–
418
complications, 415–418
follow-up, 413, 414
postoperative care, 413,
414

sagittal craniosynostosis,
397–399
technique, 400–404
surgery, 397–434
unicoronal synostosis,
405–408
preoperative planning,
405

[Craniofacial anomalies,
congenital]
preoperative preparation,
405
surgical technique, 405–
407

Craniofacial distraction,
435–444

basic science, 435, 436
complications, 438, 439
inability to decannulate
successfully, 439
infection, 438
inferior alveolar nerve,
damage to, 438, 439
long-term growth, 439
mandible, asymmetry
of, 439

distraction osteogenesis,
436

investigations, preoperative
planning, 436

mandibular distraction, 436
maxillary distraction
osteogenesis, 440–444
complications, 443
Lefort III osteotomy,
distraction, 444
technique, 440–443
procedure, 437

Craniofacial syndromes, 427
management, 434

Craniosynostosis, 379–397
bicoronal synostosis, 390–
392

causes, 379, 380
clinical examination,
diagnosis, 381–384

investigations, 386–388
computed tomographic
scan, 388
skull X-ray, 386
ultrasonography, 386
lamdoid synostosis,
393–395

magnetic resonance
imaging scan, 395

metopic synostosis, 389,
390

need for surgery, 396
neurodevelopmental
analysis, 396

pathogenesis, 380, 381
plagiocephaly, without
synostosis, deformational
plagiocephaly, 385,
386
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[Craniosynostosis]
positron emission
tomographic scan, 396

sagittal, 397–399
technique, 400–404
sagittal synostosis, 388, 389
timing of surgery, 396, 397
unicoronal synostosis,
393

Crease
eyelid, blepharoplasty, 859,
860

upper eyelid, creation of,
867–869

Cross-facial grafting, facial
nerve paralysis, 464–467

Crural flap, lateral,
rhinoplasty, 800, 801

Crural steal, lateral,
Goldman’s vertical dome
division, rhinoplasty, 801–
804

Crural strut graft, lateral,
augmentation rhinoplasty,
814

Cushing’s syndrome, poor
wound healing with, 60

Cutaneous adenoid cystic
carcinoma, primary, sweat
glands, 101

Cutaneous cysts, 95–97
Cutaneous flush, with

lidocaine toxicity, 30
Cutaneous

rhabdomyosarcoma, 102
Cutis hyperelastica, face

lifting and, 1014
Cutis laxa, face lifting and,

1014
Cutler-Beard flap, eyelid

reconstruction, 209
Cylindroma, malignant,

cutaneous, 101

Darier’s disease,
dermabrasion for, 967

Decorative tattoo,
dermabrasion for, 967

Definitive obturator, in
maxillofacial prosthetics,
496–498

Deformational plagiocephaly,
plagiocephaly, without
synostosis, 385, 386

Deltopectoral regional flap,
241–243

Dentoalveolar fractures, 617

[Dentoalveolar fractures]
diagnosis, treatment, 617,
618

examination, 617
Depressed scars,

augmentation of, 725
Depressor anguli oris flap, lip

reconstruction, 227, 228
Dermabrasion, 966–972
complications, 971, 972
contraindications to, 968
equipment, 969
indications for, 967
patient selection, 968, 969
postoperative care, 971
technique, 969–971

Dermatitis papillaris capillitii,
dermabrasion for, 967

Dermatochalasis, 896
blepharoplasty, 849

Dermatofibroma, 88
Dermatofibrosarcoma

protuberans, 101
Dermis, histological findings,

18
on surface analysis, 18

Desiccation, poor wound
healing with, 60

Desmoplastic neurotrophic
melanoma, cutaneous, 101

Diabetes mellitus
poor wound healing
with, 60

wound healing and, 61
Diazepam, premedication, 40
Digital photography, for

surface analysis, 1–3
Diminished cardiac output,

with lidocaine toxicity, 30
Diode laser ablation, long-

pulsed, 985
Diplopia, as complication of

blepharoplasty, 892
Discoid lupus erythematosus,

scars from, dermabrasion
for, 967

Dislocations, condylar, 619
Distant flaps, 254–313
free flaps, 266–313
arm, lateral, 303–306
characteristics of, 266
dorsalis pedis, 298, 299
fibula, 275–281
forearm, radial, 281–286
gracilis, 273–275
iliac, 299–303
jejunal, 311–313

[Distant flaps]
lateral thigh, 306–309
omental, 309–311
pectoralis minor, 271–273
rectus abdominus,
266–271
scapula, 287–291
history, 254–256
implementation, 264
merits, 256
microvascular technique,
259–262

neurorrhaphy, 262–264
overview, 257–259
planning, 264
implementation, 264
vessel selection, difficult
neck, 265

Distraction osteogenesis, 167,
168

Doppler ultrasonography, in
microvascular free flap
postoperative monitoring,
160

Dorsal nasal flap, 185, 186
Dorsalis pedis free flap, 298,

299
Dorsocaudal strut, 793
Double sliding horizontal

osteotomy, genioplasty,
935, 936

Droperidol, premedication,
40

Dry eye syndrome, 896
as complication of
blepharoplasty, 890, 891

Dysrythmias, with lidocaine
toxicity, 30

Ear, regional block, 37
Eccrine mucinous carcinoma,

sweat glands, 101
Eccrine porocarcinoma,

sweat glands, 101
Eccrine spiradenoma,

malignant, sweat glands,
101

Ectodermal defects,
congenital, dermabrasion
contraindication for, 968

Ectropion
blepharoplasty, 854, 855,
884, 885

paralytic, blepharoplasty,
898

Ehlers-Danlos syndrome
face lifting and, 1014
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[Ehlers-Danlos syndrome]
poor wound healing with,
60

Emergency treatment,
massive traumatic tissue
loss, 681, 682

Endoscopic subcondylar
fracture repair, 535–537

Entropion, blepharoplasty,
854, 885, 886

Epicanthal fold,
blepharoplasty, 853, 854

Epicanthoplasty, 869–871
Epidermis, histological

findings, 16, 17
on surface analysis, 16, 17

Epithelial nevus, linear,
dermabrasion for, 967

Epithelioid sarcoma, 102
Equal innervation, Hering’s

law, 897
Eruptive keratoacanthoma of

Gryzbowski type, 101
Er:YAG laser resurfacing,

980–982
Erythroplasia of Queyrat, 101
Estlander flap, lip

reconstruction, 224, 225
Etidocaine, pharmacological

properties of, 27
Examination, paralyzed face,

454–456
Excursion, upper eyelid, 896
Expansion, tissue, 162–167
complications, 166,
167

contraindications, 166
expander shape, 163
expander types, 163
histological changes, 165,
166

prolonged tissue expansion,
163–165

rapid intraoperative tissue
expansion, 166

Extracranial
transsphenoethmoidal
approach, optic nerve
decompression, 541

complications, 546
description, indications,
541–544

surgical anatomy, 544
technique, 545,
546

Extramammary Paget’s
disease, 101

Extraoral osseointegrated
implants, maxillofacial,
512, 517

Extraoral prostheses,
maxillofacial, 503–511

fabrication of, 508–510
patient factors, 504, 505
prosthetic margins, 505–
507

retention of, 510, 511
surgical considerations,
507, 508

Eye, paralyzed, rehabilitation
of, 469–471

Eyebrow ptosis,
blepharoplasty, 847–849

Eyelid malposition, as
complication of
blepharoplasty, 888, 890

Eyelid reconstruction, 201–
213

bipedicle, 211–213
Cutler-Beard, 209
eyelid anatomy, 201–204
full-thickness lid defects,
204, 205

hard palate graft, 206, 207
Mustarde cheek rotation
flap, 211

partial-thickness lid defects,
204

periosteal strips, 205
semicircular flap, 205, 206
switch flap, 209–211
tarsoconjunctival flap,
207–209

Face lifting, 1013–1044
aging skin,
pathophysiology of, 1013,
1014

anatomy, 1015–1017
brow, forehead lifting,
1028–1036
anatomy, 1029
patient evaluation, 1029
procedure, 1036
technique, 1029–1036
physical examination, 1015
preoperative evaluation,
1014, 1015

rhytidectomy, 1017, 1018
complications, 1027, 1028
composite, 1021
conventional, 1019, 1020
deep plane, 1021
extended, 1020, 1021

[Face lifting]
lateral, 1017–1019
midface lifting, 1022
routine conservative,
technique, 1022–1027
subperiosteal, 1022
skin disorders, 1014,
1015
cutis hyperelastica, 1014
Hutchinson-Gilford
syndrome, 1015
progeria, adult, 1014

Facial analysis, 1–24
aesthetic photography, 1–3
digital photography, 1–3
equipment guidelines, 1
cephalometric points, 7
facial balance, 4–6
histological findings, 16–19
basement membrane, 17
dermis, 18
epidermis, 16, 17
lymphatics, 19
pilosebaceous unit, 19
rete ridges, 18
macrophotography, 3, 4
lens options, 3
macro lens, 4
seeing things close-up, 3
subject positioning, 4
photography using macro
lens, 5

procedure-specific, 7–16
blepharoplasty, 15, 16
facial topographical units,
21, 22
facialplasty, 12–15
genioplasty, 10, 11
rhinoplasty, 7–9
skin surface analysis, 16–
23

resting skin tension lines,
19–21

rhinoplasty, 7–9
skin typing, 22
soft tissue cephalometry, 6,
7

Facial balance, 4–6
Facial flaps
local flaps, 175–195
banner, 181, 182
bilobe, 182, 183
island subcutaneous V-Y
advancement, 177, 178
O-T/A-T plasty, 178–180
rhombic, 183–185
rotation, 180, 181
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[Facial flaps]
single/bilateral-pedicle
advancement, 177

perinasal local flaps, 185–
195
cheek advancement, 195
dorsal nasal, 185, 186
island-pedicled
musculocutaneous
nasolabial, 194, 195
melolabial, 186–190
midforehead flap, 190–194

Facial nerve paralysis, 449–
475

ancillary procedures, 472
cross-facial grafting, 464–
467

crossover techniques, 461
examination, paralyzed
face, 454–456

eye, paralyzed,
rehabilitation of, 469–471

hypoglossal-facial
crossover procedure, 461–
464

injury to facial nerve,
pathophysiology,
451–453
classification, 452
electrodiagnosis, 452, 453
interpositional grafting,
460, 461

macroanatomy, 449–451
microanatomy, 451
neuromuscular transfers,
467, 468

neurorrhaphy, 459, 460
nonsurgical treatment,
457–459

reanimation,
microneurovascular flaps
for, 468, 469

static techniques, 468
Facial platysma flap, lip

reconstruction, 229–231
Facial resurfacing, laser,

976, 977
Facial skeleton trauma,

523–548
complications, 528, 529
coronal approach, 524–529
description, 524
endoscopic subcondylar
fracture repair, 535–537
complications, 537
description, indications,
535, 536

[Facial skeleton trauma]
technique, 536
open sky technique, 540
complications, 540
description, indications,
540
technique, 540
optic nerve decompression,
extracranial
transsphenoethmoidal
approach, 541
complications, 546
description, indications,
541–544
surgical anatomy, 544
technique, 545, 546
orbit
complications, 534, 535
surgical anatomy, 530, 531
technique, 531–534
transconjunctival
approach, 530
transcutaneous
approaches, 529, 530

subcranial approach,
537–540
complications, 539, 540
description, indications,
537, 538
technique, 538, 539
surgical anatomy, 524–527
technique, 527

Facial topographical units,
21, 22

Facialplasty, 12–15
surface analysis for, 12–15

Fan flap, lip reconstruction,
229

Fasciocutaneous flaps,
233, 234

Fasting guidelines, general
anesthetics, 39

Favre-Rachoichot syndrome,
dermabrasion for,
967

Ferguson-Smith syndrome.
See Multiple self-healing
keratoacanthoma

Festoons, blepharoplasty,
856, 857

Fibroepithelioma of Pinkus,
101

Fibrosarcoma, 101
Fibrous histiocytoma,

malignant, 102
Fibroxanthoma, atypical, 102
Fibula free flap, 275–281

Flap classification, facial, 173,
175

Flap delay, 161, 162
Flap pathophysiology, 153–

161
axial flap pathophysiology,
156, 157

Doppler ultrasonography,
160

fluorescein dye, 159
free flap pathophysiology,
157

laser Doppler flowmetry,
159

leech therapy, 160, 161
microvascular free flaps,
postoperative monitoring,
157–159

no-reflow phenomenon,
153, 154

pulse oximetry, 159
random flap
pathophysiology, 155, 156

random pattern skin flaps,
therapeutic interventions
for, 156

reperfusion injury, 153, 154
temperature probe, 159
thermocouple probe, 159

Flap survival, 153–172
pathophysiology, 153–161

Flaps, secondary use of, with
massive traumatic tissue
loss, 696–702

Flashlamp-pumped dye laser,
laser ablation, 990

Fluorescein dye, in
microvascular free flap
postoperative monitoring,
159

Flush, cutaneous, with
lidocaine toxicity, 30

Follicular transfer, alopecia,
1004–1007

Forearm free flap, radial,
281–286

Forehead, regional block, 33
Forehead lifting, 1028–1036
anatomy, 1029
patient evaluation, 1029
procedure, 1036
technique, 1029–1036
botulinum toxin, 1035,
1036
coronal lift, 1031, 1032
endoscopic forehead lift,
1032–1035
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Forehead regional flap, 243,
244

Foreign body, retained, poor
wound healing with, 60

Fox-Fordyce disease,
dermabrasion for, 967

Fractures
condylar, 619–621
dentoalveolar, 617
diagnosis, treatment,
617, 618
examination, 617
frontal sinus, 558–593
anatomy, 558–562
anterior table fractures,
567–571
clinical evaluation,
diagnosis, 565, 566
pathophysiology,
classification, 563–565
posterior table fractures,
associated nasofrontal
duct injury, 571–585

mandible, 599–617
in children, 621, 623
closed reduction, 606–610
complications, 616, 617
diagnosis, 599–603
open reduction, 610–615
treatment, 603–606
of midface, 549–557
anatomy, 549
clinical evaluation,
diagnosis, 552, 553
fracture pathophysiology,
classification, 549–552
Lefort I fractures, 551
Lefort II fractures, 551
Lefort III fractures, 551,
552
management, 553–558
nasal, posttraumatic
rhinoplasty, 839–842

of naso-ethmoid-orbital
complex, 564, 565, 585–
593
anatomy, 558–562
pathophysiology,
classification, 563–565

zygomatic complex, 629–
637
anatomy, 631–635
etiology, 629, 630
internal orbital blowout
fractures, 657–671. See
also Orbital blowout
fractures

[Fractures]
open surgical approaches,
637–642
orbital exploration, 652–
657
radiological examinations,
636, 637
reduction, 643, 644
sensory nerves, 633–635
surface anatomy, 631, 632
zygomatic bone, 632, 633

Frankfurt line, 794
Free fasciocutaneous flap

esophageal replacement,
346

Free flaps, 266–313
arm, lateral, 303–306
characteristics of, 266
dorsalis pedis, 298, 299
fibula, 275–281
forearm, radial, 281–286
gracilis, 273–275
iliac, 299–303
jejunal, 311–313
lateral thigh, 306–309
omental, 309–311
pathophysiology, 157
pectoralis minor, 271–273
rectus abdominus, 266–271
scapula, 287–291

Frontal alopecia, flap
reconstruction for, 1007,
1008

Frontal hairline, designing,
1003, 1004

Frontal sinus fractures,
558–593

anatomy, 558–562
pathophysiology,
classification, 563–565

Full-thickness defects, lip
reconstruction, 218–222

Full-thickness lid defects, 204,
205

Fusiform scar revision,
708

Galeal frontalis regional flap,
247, 248

Gastric esophageal
replacement, 341, 342

General anesthetics, 38–50
complications, 49, 50
fasting guidelines, 39
health assessment, 38
inhalational agents, 49
intravenous agents, 48

[General anesthetics]
monitored anesthesia
care, 42

premedication, 39–41
preoperative
considerations, 38–42

Genioplasty, 927–943
alloplastic augmentation
technique, 938, 939

cephalometric evaluation,
929, 930

complications, 940–943
double sliding horizontal
osteotomy, 935, 936

history, 927, 928
horizontal osteotomy
with advancement, 931–
934
with anteroposterior
reduction, 935

preoperative evaluation,
928, 929

soft tissue changes, 940
soft tissue closure, 939
soft tissue evaluation,
930, 931

surface analysis for, 10, 11
tenon technique, 935
vertical augmentation,
936

vertical reduction
genioplasty, 937, 938

Geometric broken line
closure, linear scar
revision, 715, 716

Glabella, cephalometric
point, 7

Glossectomy
one-quarter to one-half
anterior tongue, 330
posterior tongue,
331–333

total, with preservation of
larynx, 333–335

Glucocorticoids, poor wound
healing with, 60

Glycopyrrolate,
premedication, 40

Goldman’s vertical dome
division, lateral crural
steal, rhinoplasty, 801–804

Gracilis free flap, 273–275
Grafts, secondary use of, with

massive traumatic tissue
loss, 696–702

Granular cell tumor,
malignant, 102
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Granuloma, as complication
of blepharoplasty, 890

Growth factors, wound
healing, 58

Gryzbowski type eruptive
keratoacanthoma,
101

Hailey-Hailey disease,
dermabrasion for, 967

Hair, anatomy of, 997, 998
Hair follicle differentiation
malignant adnexal tumors,
123, 124

malignant adnexal tumors
with, 123, 124

Hair growth, factors
affecting, 998, 999

Hair line advancement,
1008–1010

Hair loss, classification of,
1000

Hair removal, laser ablation,
983–985

complications, 985
long-pulsed Alexandrite,
985

long-pulsed diode, 985
long-pulsed Nd:YAG laser,
985

long-pulsed Ruby, 984, 985
Hair transplantation, elevated

recipient sites of,
dermabrasion for, 967

Hamartomas, 84–86
skin, 84–86

Hard palate graft, eyelid
reconstruction, 206, 207

Headache, with lidocaine
toxicity, 30

Hemangiopericytoma, 102
Hematoma
as complication of
rhytidectomy, 1027,
1028

superficial, as complication
of blepharoplasty, 890

Hering’s law, equal
innervation, 897

Herpes simplex,
dermabrasion
contraindication for, 968

Hidradenitis supportativa,
dermabrasion for, 967

Hidradenoma papilliferum,
malignant, sweat glands,
101

Horizontal osteotomy,
genioplasty

with advancement, 931–934
with anteroposterior
reduction, 935

Horizontal plane,
cephalometric point, 7

Horner’s muscle,
blepharoplasty, 897

Human papilloma virus,
dermabrasion
contraindication for, 968

Hutchinson-Gilford
syndrome, face lifting and,
1015

Hydroxyapatite bone
substitute, use of,
418–427

Hydroxyzine, premedication,
40

Hyperexcitability, with
lidocaine toxicity, 30

Hypertension
with lidocaine toxicity, 30
poor wound healing with,
60

Hyperthermia, malignant,
treatment of, 51

Hyperthyroidism, poor
wound healing with, 60

Hypertrophic scars, 725–727
dermabrasion for, 967
history of, dermabrasion
contraindication for, 968

wound healing, 62, 63
Hypoglossal-facial crossover

procedure, facial nerve
paralysis, 461–464

Hypopharyngectomy, 337–
339

Hypotension, with lidocaine
toxicity, 30

Hypoxemia, wound healing
and, 62

Iliac free flap, 299–303
Immunological deficiency

states, poor wound
healing with, 60

Inadequate nasal tip
projection, 820, 821

Infection
active, dermabrasion
contraindication for,
968

as complication of
blepharoplasty, 890

[Infection]
poor wound healing with,
60

Inferior vermilion,
cephalometric point, 7

Inflammatory phase, wound
healing, 54, 55

Infraorbital nerve, regional
block, 33, 34

Inhalational anesthetic
agents, 49

Injury to facial nerve,
pathophysiology, 451–453

classification, 452
electrodiagnosis, 452, 453

Interim obturator, in
maxillofacial prosthetics,
495, 496

Intraoperative tissue
expansion, rapid, 166

Intraoral flaps, 196–199
buccinator
musculomucosal, 196–199
neurovascular anatomy,
197

palatal, 198, 199
neurovascular anatomy,
198, 199

Intraoral mandible,
prosthesis, 516, 517

Intraoral maxilla, prosthesis,
514–516

Intravenous anesthetic
agents, 48

Ischemia, poor wound
healing with, 60

Island subcutaneous V-Y
advancement, facial flap,
177, 178

Island-pedicled
musculocutaneous
nasolabial flap, 194, 195

Isotretinoin treatment, recent,
dermabrasion
contraindication for, 968

Jaw resection, mandibular
surgical defects, 502, 503

Jejunal esophageal
replacement, 342, 343

Jejunal free flap, 311–313
Jessner’s solution, in chemical

peeling, 961

Kaposi’s sarcoma, 102
Karapandzic flap, lip

reconstruction, 222, 223
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Keloid scars, 89, 90, 725–727
revision, 725–727

Keloids
dermabrasion for, 967
wound healing, 62, 63

Keratoacanthoma, 114, 115
cutaneous, 101

Labrale inferius,
cephalometric point, 7

Labrale superiorus,
cephalometric point, 7

Laceration, scar revision,
705–729

adjunctive techniques, 724.
725

depressed scars,
augmentation of, 725

evaluation, 705–707
aesthetic units, subunits,
707
skin tension lines, facial
subunits, relaxed, 706, 707

hypertrophic scars, 725–
727

keloid scars, 725–727
linear scar revision
techniques, 708–718
fusiform scar revision, 708
geometric broken line
closure, 715, 716
summary, 716–718
W-plasty scar revision,
712–715
Z-plasty scar revision,
708–712

resurfacing techniques, 724,
725

scar characteristics, 707,
708

serial scar excision, 718–720
shave excision, 724
tissue expanders, 720–724

Lagophthalmos, 897
blepharoplasty, 851

Lamdoid synostosis, 393–395
Laryngopharyngectomy
partial, 339, 340
total, 340–346

Laser ablation, 972–990
CO2 laser resurfacing, 979,
980

complications, 982, 983
Er:YAG laser resurfacing,
980–982

facial resurfacing, 976, 977
hair removal, 983–985

[Laser ablation]
complications, 985
long-pulsed Alexandrite,
985
long-pulsed diode, 985
long-pulsed Nd:YAG
laser, 985
long-pulsed Ruby, 984,
985

indications, 977, 978
laser physics, 972–975
pigmented lesions, 986
argon-pumped tunable dye
laser, 989
flashlamp-pumped dye
laser, 990
pulsed KTP, 990
tattoo removal, 986–988
vascular lesions, 988, 990
postoperative care, 982
preoperative preparation,
978, 979

Laser blepharoplasty, 894
Laser Doppler flowmetry, in

microvascular free flap
postoperative monitoring,
159

Lateral arm free flap, 303–306
Lateral thigh free flap, 306–

309
Latissimus regional flap,

235, 236
Lefort I fractures, midface,

551
Lefort II fractures, midface,

551
Lefort III fractures, midface,

551, 552
Lefort III osteotomy,

distraction, maxillary
distraction osteogenesis,
444

Leg ulcer, dermabrasion for,
967

Leiomyoma, 100
Leiomyosarcoma, 102
Lentigines, dermabrasion for,

967
Lentigo maligna, 101, 121
LEOPARD syndrome.

See Multiple pigmented
nevi

Lethargy, with lidocaine
toxicity, 30

Levator aponeurosis, upper
eyelid blepharoplasty,
859

Levator palpebrae superioris,
upper eyelid
blepharoplasty, 858, 859

Lichen amyloidosis,
dermabrasion for,
967

Lichenified dermatoses,
dermabrasion for, 967

Lid laxity, blepharoplasty,
855

Lidocaine
pharmacological properties
of, 27

toxicity, signs of, 30
Lifting
brow, 1028–1036. See also
Brow lifting

face, 1013–1044. See also
Face lifting

forehead, 1028–1036. See
also Forehead lifting

midface, 1022
Light-headedness, with

lidocaine toxicity, 30
Linear epithelial nevus,

dermabrasion for, 967
Linear scar revision, 708–718
fusiform scar revision, 708
geometric broken line
closure, 715, 716

summary, 716–718
W-plasty scar revision,
712–715

Z-plasty scar revision,
708–712

Lip
cleft, 359–378
causes, 360
classification of, 363–365
embryology, 360, 361
initial management, 366,
367
Millard repair, points
of, 370
prenatal diagnosis, 365,
366
surgical anatomy, 362, 363
timing of repair, 367, 368
unilateral cleft lip, repair
of, 368–375

regional block, 34, 35
Lip reconstruction, 213–231
Abbe flap, 223, 224
Bernard-von Burow cheek
advancement, 225, 226

commissure reconstruction,
217, 218
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[Lip reconstruction]
depressor anguli oris flap,
227, 228

Estlander flap, 224, 225
facial platysma flap, 229–
231

fan flap, 229
full-thickness defects,
218–222

Karapandzic flap, 222, 223
lip anatomy, 213–215
lower lip, flap selection for,
220

steeple flap, 227
vermilion defects, 216, 217

Lipoma, 100
Liposarcoma, 102
Liposuction, cervicofacial,

1036–1043
complications, 1042, 1043
equipment, 1039
pathophysiology, 1038
patient selection, 1039
technique, 1039–1042

Liver failure, poor wound
healing with, 60

Local anesthetic agents, 27–
31

complications, 29–31
topicals, 29

Local facial flaps, 175–195
banner, 181, 182
bilobe, 182, 183
for eyelids, 201–213
island subcutaneous V-Y
advancement, 177, 178

for lips, 213–231
O-T/A-T plasty, 178–180
rhombic, 183–185
rotation, 180, 181
single/bilateral-pedicle
advancement, 177

Local perinasal flaps, 185–195
cheek advancement, 195
dorsal nasal, 185, 186
island-pedicled
musculocutaneous
nasolabial, 194, 195

melolabial, 186–190
midforehead flap, 190–194

Lockwood’s ligament, lower
eyelid blepharoplasty, 874

Lower eyelid blepharoplasty,
871–887

cosmetic, 874–879
ectropion, 884, 885
entropion, 885, 886

[Lower eyelid blepharoplasty]
festoons, 887
lower eyelid retraction,
886, 887
lower lid laxity,
malposition, correction of,
879–887
malar folds, 887
retroseptal approach,
876, 877
tear trough deformity,
887
technique, 875, 876
tranconjunctival orbital fat
repositioning, 877, 878
transconjunctival
approach, 876
transconjunctival SOOF
lift, 878, 879
transcutaneous approach,
875

surgical anatomy, 871–877
canthi, 874
capsulopalpebral fascia,
871
inferior rectus, inferior
oblique muscles, 873, 874
Lockwood’s ligament, 874
orbicularis oculus muscle,
873
orbital fat, 872, 873
orbital septum, 871, 872
suborbicularis oculi fat
pads, 873

Lower lip, flap selection for,
220

Lower vermilion,
cephalometric point, 7

Lung carcinoma, metastatic
to skin, 140

Lymphatics, histological
findings, 19

on surface analysis, 19
Lymphedema, poor wound

healing with, 60

Macro lens, photography
using, 5

Macrophotography, 3, 4
lens options, 3
macro lens, 4
seeing things close-up, 3
subject positioning, 4

Malar augmentation, 943–
952

complications, 951
evaluation, 943–947

[Malar augmentation]
malar implants, 947
technique, 947–951

Malar folds, blepharoplasty,
856, 857, 887

Malignancy, poor wound
healing with, 60

Malignant hyperthermia,
treatment of, 51

Malignant melanoma of skin,
101

Malignant skin tumors,
100–141

basal cell carcinoma, 100–
107

cancer metastatic to skin,
140
breast carcinoma, 140
colon carcinoma, 140, 141
lung carcinoma, 140
ovarian carcinoma, 140,
141

keratoacanthoma, 114, 115
malignant adnexal tumors,
123–129
hair follicle differentiation,
123, 124
sebaceous gland
differentiation, 129
sweat gland differentiation,
124–129

malignant melanoma,
115–123
distant metastatic disease,
122
lentigo maligna, lentigo
maligna melanoma in situ,
121
localized to skin, 120
nodal disease, 121, 122
work-up, 122, 123
Merkel cell carcinoma,
129–131

sarcomas, 131–140
epithelioid sarcoma,
139, 140
of fibrous tissue,
131–134
liposarcoma, 139
of muscular tissue, 136,
137
of neural tissue, 137, 138
of vascular tissue, 134–136
squamous cell carcinoma,
107–114

Malignant tumors of skin,
101, 102
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Malnutrition
poor wound healing with,
60

wound healing and, 60, 61
Mandible, reconstruction of,

with massive traumatic
tissue loss, 692

Mandible fractures, 599–617
in children, 621–623
closed reduction, 606–610
complications, 616, 617
diagnosis, 599–603
open reduction, 610–615
treatment, 603–606

Mandibular distraction, 436
Mandibular injuries, avulsive,

624–627
Mandibular nerve, regional

block, 35
Mandibular reconstruction,

317–327
mandibular, soft tissue
defects, size, location of,
318–327

neck, condition of,
surrounding tissues,
317, 318

Mandibular surgical defects,
498–503

jaw resection, 502, 503
neck resection, 502, 503
osseointegrated implants,
in mandible, 502

palatal drop prosthesis,
501

tongue resection, 502, 503
Marfan syndrome, poor

wound healing with, 60
Massive traumatic tissue loss,

677–703
amputations of facial
structures, traumatic, 686

auricle, reconstruction of,
702

ballistics, 679, 680
delayed primary
reconstruction, 686–688

diagnostic testing, injury
classification, 682, 683

early wound management,
684–686

emergency treatment,
681, 682

epidemiology, 677,
678

flaps, secondary use of,
696–702

[Massive traumatic tissue
loss]
grafts, secondary use of,
696–702

historical perspective, 678,
679

mandible, reconstruction
of, 692

maxilla, reconstruction of,
690–692

nose, reconstruction of,
702

orbital reconstruction
primary, 688–690
secondary, 695, 696
secondary reconstruction,
692–695

tissue injury, 680, 681
wound classification,
681

Maxilla, reconstruction of,
with massive traumatic
tissue loss, 690–692

Maxillary distraction
osteogenesis, 440–444

complications, 443
Lefort III osteotomy,
distraction, 444

technique, 440–443
Maxillary nerve, regional

block, 35–37
Maxillary surgical defects,

maxillofacial prosthetics,
482–487

Maxillectomy, reconstruction
after, 347–355

anatomy, 348
commonly used flaps, 350,
351

defect classification, 351
goals, 347, 348
prosthetic management,
348–350

surgical algorithm, 351
Maxillofacial prosthetics,

477–521
extraoral osseointegrated
implants, 512

extraoral prostheses,
503–511
fabrication of, 508–510
patient factors, 504, 505
prosthetic margins, 505–
507
retention of, 510, 511
surgical considerations,
507, 508

[Maxillofacial prosthetics]
mandibular surgical
defects, 498–503
jaw resection, 502, 503
neck resection, 502, 503
osseointegrated implants,
in mandible, 502
palatal drop prosthesis,
501
tongue resection, 502, 503
maxillary surgical
considerations, 487–491

maxillary surgical defects,
482–487

obturators, 491–495
definitive obturator,
496–498
interim obturator, 495, 496
osseointegrated implants,
in maxilla, 498
surgical obturator, 491–
495

osseointegrated implants,
512–519
auricular prosthesis,
implant-supported, 517
combination implant-
supported prostheses, 518,
519
extraoral osseointegrated
implants, 517
intraoral mandible, 516,
517
intraoral maxilla, 514–516
nasal prosthesis, implant-
supported, 518
orbital prosthesis, implant-
supported, 517, 518

presurgical consultation,
481, 482

radiation therapy, 519, 520
Medicare rules, benefits

covered, blepharoplasty,
893

Melanocytic nevi, 79–84
Melanoma, skin, malignant,

115–123
distant metastatic disease,
122

lentigo maligna, lentigo
maligna melanoma in situ,
121

localized to skin, 120
nodal disease, 121, 122
work-up, 122, 123

Melasma, dermabrasion for,
967
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Melolabial flap, 186–190
Mentolabial sulcus,

cephalometric point, 7
Menton, cephalometric point,

7
Mentum/lip, regional block,

34, 35
Meperidine, premedication,

40
Mepivacaine,

pharmacological
properties of, 27

Merkel cell carcinoma, 101,
129–131

Metopic synostosis, 389, 390,
413–418

complications, 415–418
follow-up, 413, 414
postoperative care, 413, 414

Microcystic adnexal
carcinoma, sweat glands,
101

Microdermabrasion, 972
Micro-minigrafts, in alopecia,

1004–1007
Microtia, otoplasty, 911–924
Microvascular free flap,

postoperative monitoring,
157–159

Microvascular free flaps,
234, 235

Midazolam, premedication,
40

Midface fractures, 549–557
anatomy, 549
clinical evaluation,
diagnosis, 552, 553

fracture pathophysiology,
classification, 549–552

Lefort I fractures, 551
Lefort II fractures, 551
Lefort III fractures, 551,
552

management, 553–558
Midface lifting, 1022
Midforehead flap, 190–194
Molluscum contagiosum,

dermabrasion for, 967
Monitored anesthesia care, 42
Morpheaform carcinoma,

cutaneous, 101
Morphine, premedication, 40
Muller’s muscle, upper eyelid

blepharoplasty, 860
Multicentric carcinoma,

superficial, skin,
101

Multiple growth factors, cell
source, wound healing, 59

Multiple pigmented nevi,
dermabrasion for, 967

Multiple self-healing
keratoacanthoma, 101

Muscular tissue, sarcomas of,
102

Musculocutaneous flaps,
233–235

fasciocutaneous flaps, 233,
234

microvascular free flaps,
234, 235

Mustarde cheek rotation flap,
eyelid reconstruction, 211

Mustarde suture placement,
otoplasty, 904, 905

Myocardial depression, with
lidocaine toxicity, 30

Nasal fracture, 839–842
Nasal projection, changing,

776–778
Nasal prosthesis,

maxillofacial, implant-
supported, 518

Nasal tip, in basic
rhinoplasty, 766–785

lower lateral cartilages,
768–774
complete strip, 768–770
double dome-binding
suture, 774
interrupted strip, 771, 772
morselization, 772
rim strip, 770, 771
single dome-binding
suture, 773, 774
suture modifications, 772,
773

Nasal valve, nasal bone
deviation, 785, 787

Nasion, cephalometric point,
7

Naso-ethmoid-orbital
complex fractures, 564,
565, 585–593

anatomy, 558–562
pathophysiology,
classification, 563–565

Nausea, with lidocaine
toxicity, 30

Nd:YAG laser ablation,
long-pulsed, 985

Neck resection, mandibular
surgical defects, 502, 503

Nerve injury, as complication
of rhytidectomy, 1028

Neural tissue, sarcomas of,
102

Neural tumors, 100
Neurofibromatosis,

dermabrasion for, 967
Neuromuscular transfers,

facial nerve paralysis, 467,
468

Neurorrhaphy, 262–264
distant flap, 262–264
facial nerve paralysis, 459,
460

Neurotic excoriations,
dermabrasion for, 967

Nevi, 79–86
hamartomas, 84–86
melanocytic nevi, 79–84
nonmelanocytic nevi, 86

Nipple, Paget’s disease of, 101
Nodular carcinoma,

cutaneous, 101
Nodular melanoma,

cutaneous, 101
Nonmelanocytic nevi, 86
Nonsteroidals, poor wound

healing with, 60
Nose
reconstruction of, with
massive traumatic tissue
loss, 702

regional block, 37
Nystagmus, with lidocaine

toxicity, 30

Obturators, in maxillofacial
prosthetics, 491–495
definitive obturator,
496–498

interim obturator,
495, 496

osseointegrated implants,
in maxilla, 498

surgical obturator, 491–495
Occlusive dressings, 67, 68
advantages, disadvantages
of, 67

Omental free flap, 309–311
Onlay graft, augmentation

rhinoplasty, 812–814
Open sky technique, facial

skeleton trauma, 540
complications, 540
description, indications,
540

technique, 540
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Optic nerve decompression,
extracranial
transsphenoethmoidal
approach, 541

complications, 546
description, indications,
541–544

surgical anatomy, 544
technique, 545, 546

Oral florid papillomatosis,
101

Orbicularis oculus muscle
blepharoplasty, 851, 873
hypertrophy, 851

Orbit, trauma
complications, 534, 535
surgical anatomy, 530, 531
technique, 531–534
transconjunctival
approach, 530

transcutaneous approaches,
529, 530

Orbital blowout fractures,
internal, 657–671

anatomy, 658–661
definition, 657, 658
enophthalmos, 670, 671
late diploma, 670, 671
orbital implant materials,
668–670

radiological examinations,
662, 663

surgical approaches,
666, 667

surgical exploration,
criteria for, 663–666

symptoms, 661, 662
treatment overview, 667–
671

Orbital fat
lower eyelid
blepharoplasty, 872, 873

prolapsing
lower lid, 851
upper eyelid, 849, 850
upper eyelid
blepharoplasty, 860

Orbital prosthesis,
maxillofacial, implant-
supported, 517, 518

Orbital reconstruction
primary, with massive
traumatic tissue loss,
688–690

secondary, with massive
traumatic tissue loss, 695,
696

Orbital septum
lower eyelid
blepharoplasty, 871, 872

upper eyelid
blepharoplasty, 860

Osseointegrated implants
mandibular surgical
defects, 502

in maxilla, 498
maxillofacial, 512–519
auricular prosthesis,
implant-supported, 517
combination implant-
supported prostheses, 518,
519
extraoral osseointegrated
implants, 517
intraoral mandible, 516,
517
intraoral maxilla, 514–516
nasal prosthesis, implant-
supported, 518
orbital prosthesis, implant-
supported, 517, 518

Osteogenesis, distraction,
167, 168

Osteotomies, rhinoplasty,
basic, narrowing nasal
dorsum, 782–784

Osteotomy
double sliding horizontal,
genioplasty, 935, 936

horizontal, genioplasty
with advancement, 931–
934
with anteroposterior
reduction, 935

O-T/A-T plasty, facial flap,
178–180

Otoplasty, 899–926
anatomy, 900–903
embryology, 899, 900
microtia, 911–924
atresia repair, 919
classification, 912
complications, 924
conchal excavation, tragus
formation, 922, 923
framework elevation,
919–922
framework fabrication,
915–917
framework placement,
917–919
lobule repair, 919
microtia repair, 923,
924

[Otoplasty]
timing of surgical repair,
912–915

nomenclature, 903
prominent auricle, 903–911
complications, 908–911
Mustarde suture
placement, 904, 905
operative markings, 903,
904
postoperative care, 908

Ovarian carcinoma
metastatic to skin, 140, 141

Overresection of fat, as
complication of
blepharoplasty, 891

Paget’s disease
extramammary, 101
of nipple, 101

Palatal drop prosthesis,
mandibular surgical
defects, 501

Palatal flap, 198, 199
neurovascular anatomy,
198, 199

Palate, cleft, 359–378
causes, 360
classification of, 363–365
embryology, 360, 361
initial management, 366,
367

prenatal diagnosis, 365, 366
repair of, 375–377
surgical anatomy, 362, 363
timing of repair, 367, 368

Papilloma virus,
dermabrasion
contraindication for, 968

Papillomatosis, oral florid,
101

Paralysis, facial nerve, 449–
475

ancillary procedures, 472
cross-facial grafting, 464–
467

crossover techniques, 461
examination, paralyzed
face, 454–456

eye, paralyzed,
rehabilitation of, 469–471

hypoglossal-facial
crossover procedure, 461–
464

injury to facial nerve,
pathophysiology, 451–453
classification, 452
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[Paralysis, facial nerve]
electrodiagnosis, 452, 453
interpositional grafting,
460, 461

macroanatomy, 449–451
microanatomy, 451
neuromuscular transfers,
467, 468

neurorrhaphy, 459, 460
nonsurgical treatment,
457–459

reanimation,
microneurovascular flaps
for, 468, 469

static techniques, 468
Paralytic ectropion,

blepharoplasty, 898
Paresthesia, circumoral, with

lidocaine toxicity, 30
Partial-thickness lid

defects, 204
Pectoralis major regional flap,

238–240
Pectoralis minor free flap,

271–273
Penicillamine, poor wound

healing with, 60
Pentobarbital, premedication,

40
Perinasal local flaps, 185–195
cheek advancement, 195
dorsal nasal, 185, 186
island-pedicled
musculocutaneous
nasolabial, 194, 195

melolabial, 186–190
midforehead flap, 190–194

Periosteal strips, eyelid
reconstruction, 205

Peripheral nerve sheath
tumor, 102

malignant, 102
Peripheral vasodilation, with

lidocaine toxicity, 30
Pharyngeal reconstruction,

335–346
free fasciocutaneous flap
esophageal replacement,
346

gastric esophageal
replacement, 341, 342

historical perspective, 340,
341

hypopharyngectomy,
337–339

jejunal esophageal
replacement, 342, 343

[Pharyngeal reconstruction]
laryngopharyngectomy
partial, 339, 340
total, 340–346
regional flap esophageal
replacement, 343–346

soft palate resection, 336,
337

Photography using macro
lens, 5

Pigmented lesions, laser
ablation, 986

argon-pumped tunable dye
laser, 989

flashlamp-pumped dye
laser, 990

pulsed KTP, 990
tattoo removal, 986–988
vascular lesions, 988–990

Pigmented neva, congenital,
dermabrasion for, 967

Pigmented nevi, multiple,
dermabrasion for, 967

Pilomatrix carcinoma, hair
follicles, 101

Pilosebaceous unit,
histological findings, 19

on surface analysis, 19
Plagiocephaly, without

synostosis, deformational
plagiocephaly, 385, 386

Pogonion, cephalometric
point, 7

Pollybeak deformity, 795
nasal tip, 819,
820

Poor wound healing,
common disease states
associated
with, 60

Porokeratosis, dermabrasion
for, 967

Postacne scarring,
dermabrasion for, 967

Postoperative scarring,
dermabrasion for, 967

Posttraumatic rhinoplasty,
839–842

Premaxillary graft,
augmentation rhinoplasty,
818

Premedication
classes of, 40
general anesthetics, 39–41
types of, 40

Preoperative evaluation
lid lag, 851

[Preoperative evaluation]
vertical eyelid retraction,
851

Prilocaine, pharmacological
properties of, 27

Primary cutaneous adenoid
cystic carcinoma, sweat
glands, 101

Procaine, pharmacological
properties of, 27

Progeria
adult, face lifting and, 1014
face lifting and, 1015

Prolapsing orbital fat
lower lid, 851
upper eyelid, 849, 850

Prolidase deficiency, poor
wound healing with, 60

Proliferative phase, wound
healing, 55, 56

Prolonged tissue expansion,
163–165

Promethazine, premedication,
40

Prominent auricle, otoplasty,
903–911

Prosthetics, maxillofacial,
477–521

extraoral osseointegrated
implants, 512

extraoral prostheses, 503–
511
fabrication of, 508–510
patient factors, 504, 505
prosthetic margins, 505–
507
retention of, 510, 511
surgical considerations,
507, 508

mandibular surgical
defects, 498–503
jaw resection, 502, 503
neck resection, 502, 503
osseointegrated implants,
in mandible, 502
palatal drop prosthesis,
501
tongue resection, 502, 503
maxillary surgical
considerations, 487–491

maxillary surgical defects,
482–487

obturators, 491–495
definitive obturator,
496–498
interim obturator, 495,
496
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[Prosthetics, maxillofacial]
osseointegrated implants,
in maxilla, 498
surgical obturator, 491–
495

osseointegrated implants,
512–519
auricular prosthesis,
implant-supported, 517
combination implant-
supported prostheses, 518,
519
extraoral osseointegrated
implants, 517
intraoral mandible, 516,
517
intraoral maxilla, 514–516
nasal prosthesis, implant-
supported, 518
orbital prosthesis, implant-
supported, 517, 518

presurgical consultation,
481, 482

radiation therapy, 519, 520
Pseudofolliculitis barbae,

dermabrasion for, 967
Pseudoxanthoma elasticum,

face lifting and, 1014
Psychosis, dermabrasion

contraindication with, 968
Ptosis, as complication of

blepharoplasty, 892
Pulmonary disease
chronic, poor wound
healing with, 60

poor wound healing with,
60

Pulse oximetry, in
microvascular free flap
postoperative monitoring,
159

Queyrat, erythroplasia of,
101

Radial forearm free flap,
281–286

Radiation dermatitis, chronic
dermabrasion
contraindication for, 968

dermabrasion for, 967
Radiation therapy, wound

healing and, 62
Radix
low, nasal tip, 821–823
nasal, establishing, in basic
rhinoplasty, 785

Random flap
pathophysiology, 155, 156

Random pattern skin flaps,
therapeutic interventions
for, 156

Rapid intraoperative tissue
expansion, 166

Reanimation, in facial nerve
paralysis,
microneurovascular flaps,
468, 469

Rectus abdominus free flap,
266–271

Regional blocks, 31–37
ear, 37
forehead, 33
infraorbital nerve, 33, 34
mandibular nerve, 35
maxillary nerve, 35–37
mentum/lip, 34, 35
nose, 37
scalp, 32

Regional flap, 235–254
deltopectoral, 241–243
esophageal replacement,
343–346

forehead, 243, 244
galeal frontalis, 247, 248
latissimus, 235, 236
pectoralis major, 238–240
sternocleidomastoid, 237,
238

temporalis muscle, 244–246
temporoparietal fascia, 253
trapezius, 248–253

Remodeling, maturation
phase, wound healing, 56–
58

Renal failure
chronic, poor wound
healing with, 60

poor wound healing with,
60

Reperfusion injury, 153, 154
Resorcinol, in chemical

peeling, 962
Respiratory arrest, with

lidocaine toxicity, 30
Resting skin tension lines,

19–21
Restlessness, with lidocaine

toxicity, 30
Resurfacing techniques, scar,

724, 725
Retained foreign body, poor

wound healing with,
60

Rete ridges, histological
findings, 18

on surface analysis, 18
Retraction, lower eyelid,

blepharoplasty, 855, 856
Revision rhinoplasty,

804–807
nasal dorsum, 805, 806
nasal tip, 804, 805
nasal valve, 806
patient selection, 806, 807

Rhabdomyosarcoma,
cutaneous, 102

Rhinion, cephalometric point,
7

Rhinophyma, dermabrasion
for, 967

Rhinoplasty
aging patient, rhinoplasty
in, 836

augmentation. See
Augmentation rhinoplasty

basic. See Basic rhinoplasty
chest, 832–836
chest rhinoplasty, 832–836
crooked nose, 826–832
fracture, nasal, 839–842
lengthening, short nose,
823–826

nonwhite patients,
rhinoplasty in, 836–839

posttraumatic, 839–842
revision. See Revision
rhinoplasty

traditional. See Traditional
rhinoplasty

Rhombic facial flap, 183–185
Rhytidectomy, 1017, 1018
complications, 1027, 1028
hematoma, 1027, 1028
nerve injury, 1028
skin slough, 1028
composite, 1021
conventional, 1019, 1020
deep plane, 1021
extended, 1020, 1021
lateral, 1017–1019
midface lifting, 1022
routine conservative,
technique, 1022–1027

subperiosteal, 1022
Rocker deformity, 796
Rotation, nasal
changing, 776
projection techniques, 800

Rotation facial flap,
180, 181
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Ruby laser ablation, long-
pulsed, 984, 985

Saddle nose deformity, 796
Sagittal craniosynostosis,

397–399
technique, 400–404

Sagittal synostosis, 388, 389
Salicylates, poor wound

healing with, 60
Salicylic acid, in chemical

peeling, 962
Sarcomas, 131–140
epithelioid sarcoma,
139, 140

of fibrous tissue, 131–134
liposarcoma, 139
of muscular tissue, 136, 137
of neural tissue, 137, 138
of vascular tissue, 134–136

Scalp
anatomy of, 997, 998
regional block, 32

Scalp reduction, in alopecia,
1008–1010

Scapula free flap, 287–291
Scar revision, 705–729
adjunctive techniques, 724,
725

depressed scars,
augmentation of, 725

evaluation, 705–707
aesthetic units, subunits,
707
skin tension lines, facial
subunits, relaxed, 706, 707

hypertrophic scars, 725–
727

keloid scars, 725–727
linear, 708–718
fusiform scar revision, 708
geometric broken line
closure, 715, 716
summary, 716–718
W-plasty scar revision,
712–715
Z-plasty scar revision,
708–712

resurfacing techniques, 724,
725

scar characteristics, 707,
708

serial scar excision, 718–720
shave excision, 724
tissue expanders, 720–724

Scarring, rhinoplasty,
788

Scleromyxedema,
dermabrasion for, 967

Scopolamine, premedication,
40

Sebaceous gland carcinoma,
101

Sebaceous gland
differentiation, malignant
adnexal tumors with, 129

Seborrheic keratoses, 86
dermabrasion for, 967

Secobarbital, premedication,
40

Sedatives, properties of, 43–
47

Segmental mandibular defects
central, 319–323
lateral, 323–327

Semicircular flap, eyelid
reconstruction, 205, 206

Septoplasty, nasal, 791–796
Serial scar excision, 718–720
Settings for plastic surgery,

26, 27
Shave excision, scar, 724
Shield graft
augmentation rhinoplasty,
817, 818

in basic rhinoplasty, 775
Single/bilateral-pedicle

advancement, facial
flap, 177

Sinus, frontal, fractures of,
558–593

anatomy, 558–562
anterior table fractures,
567–571

clinical evaluation,
diagnosis, 565, 566

pathophysiology,
classification, 563–565

posterior table fractures,
associated nasofrontal
duct injury, 571–585

Skeleton, facial, trauma,
523–548

complications, 528, 529
coronal approach, 524–529
description, 524
endoscopic subcondylar
fracture repair, 535–537
complications, 537
description, indications,
535, 536
technique, 536
open sky technique, 540
complications, 540

[Skeleton, facial, trauma]
description, indications,
540
technique, 540
optic nerve decompression,
extracranial
transsphenoethmoidal
approach, 541
complications, 546
description, indications,
541–544
surgical anatomy, 544
technique, 545, 546
orbit
complications, 534, 535
surgical anatomy, 530, 531
technique, 531–534
transconjunctival
approach, 530
transcutaneous
approaches, 529, 530

subcranial approach,
537–540
complications, 539, 540
description, indications,
537, 538
technique, 538, 539
surgical anatomy, 524–527
technique, 527

Skin, malignant tumors of,
101, 102

Skin disorders, face lifting
and, 1014, 1015

Skin grafts, wound healing,
66

Skin neoplasms, 77–152
actinic keratoses, 87, 88
basal cell carcinoma, 100–
107

benign adnexal tumors,
90–95
apocrine differentiation,
tumors with, 94, 95
eccrine differentiation,
tumors with, 91–93
hair follicle differentiation,
tumors with, 90, 91
sebaceous differentiation,
tumors with, 95

benign tumors, 77–100
cancer metastatic to skin,
140
breast carcinoma, 140
colon carcinoma, 140, 141
lung carcinoma, 140
ovarian carcinoma, 140,
141
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[Skin neoplasms]
cutaneous cysts, 95–97
dermatofibroma, 88
keloid scars, 89, 90
keratoacanthoma, 114, 115
leiomyoma, 100
lipoma, 100
malignant adnexal tumors,
123–129
hair follicle differentiation,
123, 124
sebaceous gland
differentiation, 129
sweat gland differentiation,
124–129

malignant melanoma,
115–123
distant metastatic disease,
122
lentigo maligna, lentigo
maligna melanoma in situ,
121
localized to skin, 120
nodal disease, 121, 122
work-up, 122, 123
malignant tumors, 100–141
Merkel cell carcinoma,
129–131

neural tumors, 100
nevi, 79–86
hamartomas, 84–86
melanocytic nevi, 79–84
nonmelanocytic nevi, 86
sarcomas, 131–140
epithelioid sarcoma, 139,
140
of fibrous tissue, 131–134
liposarcoma, 139
of muscular tissue, 136,
137
of neural tissue, 137, 138
of vascular tissue, 134–136
seborrheic keratoses, 86
skin tags, 86
squamous cell carcinoma,
107–114

vascular tumors, 97–99
congenital hemangiomas,
97, 98

Skin slough, as complication
of rhytidectomy, 1028

Skin surface analysis, 1–24
aesthetic photography, 1–3
digital photography, 1–3
equipment guidelines, 1
facial, 4–7
cephalometric points, 7

[Skin surface analysis]
facial balance, 4–6
photography using macro
lens, 5
soft tissue cephalometry,
6, 7

histological findings, 16–19
basement membrane, 17
dermis, 18
epidermis, 16, 17
lymphatics, 19
pilosebaceous unit, 19
rete ridges, 18
macrophotography, 3, 4
lens options, 3
macro lens, 4
seeing things close-up, 3
subject positioning, 4
procedure-specific, 7–16
blepharoplasty, 15, 16
facial topographical units,
21, 22
facialplasty, 12–15
genioplasty, 10, 11
rhinoplasty, 7–9
skin surface analysis,
16–23

resting skin tension lines,
19–21

rhinoplasty, 7–9
skin typing, 22

Skin tags, 86
Skin tension lines, facial

subunits, relaxed, 706, 707
Skin typing, 22
Slurred speech, with lidocaine

toxicity, 30
Smallpox scars, dermabrasion

for, 967
Soft tissue cephalometry, 6, 7
Solar elastosis, dermabrasion

for, 967
Speech, slurred, with

lidocaine toxicity, 30
Splay graft, augmentation

rhinoplasty, 812
Spreader graft
augmentation rhinoplasty,
811, 812

in basic rhinoplasty,
774, 775

Squamous cell carcinoma,
skin, 101, 107–114

Steeple flap, lip
reconstruction, 227

Sternocleidomastoid regional
flap, 237, 238

Striae distensae,
dermabrasion for, 967

Subcondylar fracture repair,
endoscopic, 535–537

complications, 537
description, indications,

535, 536
technique, 536

Subcranial approach, facial
skeleton trauma, 537–540

complications, 539, 540
description, indications,
537, 538

technique, 538, 539
Subnasale, cephalometric

point, 7
Suborbicularis oculi fat pads,

lower eyelid
blepharoplasty, 873

Subperiosteal rhytidectomy,
1022

Superficial multicentric
carcinoma, skin, 101

Superficial spreading
melanoma, cutaneous, 101

Superior sulcus,
cephalometric point, 7

Superior vermilion,
cephalometric point, 7

Supratip, cephalometric
point, 7

Surgical obturator, in
maxillofacial prosthetics,
491–495

Sweat gland differentiation,
malignant adnexal tumors
with, 124–129

Sweat glands, malignant
tumors of, 101

Switch flap, eyelid
reconstruction, 209–211

Synostosis
bicoronal, 390–392,
408–413
operative details, 413
planning, 408–413
lamdoid, 393–395
metopic, 389, 390, 413–418
complications, 415–418
follow-up, 413, 414
postoperative care, 413,
414

sagittal, 388, 389
unicoronal, 393, 405–408
preoperative planning, 405
preoperative preparation,
405
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[Synostosis]
surgical technique, 405–
407

Syringoma, multiple,
dermabrasion for, 967

Systemic
glucocorticosteroids,
wound healing and, 62

Tachycardia, with lidocaine
toxicity, 30

Tarsoconjunctival flap, eyelid
reconstruction, 207–209

Tattoo
dermabrasion, 967
laser ablation, 986–988

Tear trough deformity,
blepharoplasty, 856, 887

Telangiectasia, dermabrasion
for, 967

Temperature probe, in
microvascular free flap
postoperative monitoring,
159

Temporalis muscle regional
flap, 244–246

Temporoparietal fascia
regional flap, 253

Tetracaine, pharmacological
properties of, 27

Thermal burns, deep,
dermabrasion
contraindication for,
968

Thermocouple probe, in
microvascular free flap
postoperative monitoring,
159

Thigh free flap, lateral, 306–
309

Tinnitus, with lidocaine
toxicity, 30

Tip, cephalometric point, 7
Tissue augmentation, 161–

168
distraction osteogenesis,
167, 168

flap delay, 161, 162
tissue expansion, 162–167
complications, 166, 167
contraindications, 166
expander shape, 163
expander types, 163
histological changes, 165,
166
prolonged tissue
expansion, 163–165

[Tissue augmentation]
rapid intraoperative tissue
expansion, 166

Tissue expanders, scar
revision, 720–724

Tissue loss, massive
traumatic, 677–703

amputations of facial
structures, traumatic, 686

auricle, reconstruction of,
702

ballistics, 679, 680
delayed primary
reconstruction, 686–688

diagnostic testing, injury
classification, 682, 683

early wound management,
684–686

emergency treatment, 681,
682

epidemiology, 677, 678
flaps, secondary use of,
696–702

grafts, secondary use of,
696–702

historical perspective, 678,
679

mandible, reconstruction
of, 692

maxilla, reconstruction of,
690–692

nose, reconstruction of, 702
orbital reconstruction
primary, 688–690
secondary, 695, 696
secondary reconstruction,
692–695

tissue injury, 680, 681
wound classification, 681

Tissue trauma, poor wound
healing with, 60

Tongue reconstruction, 327
adjuvant procedures, 329
anatomy, 327
challenges, 330–335
defect classification, 330
flap closure, 329
one-quarter to one-half
glossectomy
anterior tongue, 330
posterior tongue, 331–333
primary closure, 328, 329
total glossectomy, with
preservation of larynx,
333–335

Tongue resection, mandibular
surgical defects, 502, 503

Topical anesthetics, 29
Topical antiseptics, wound

healing and, 58–60
Topographical units, facial,

21, 22
Traditional rhinoplasty,

799–804. See also Basic
rhinoplasty

Goldman’s vertical dome
division, lateral crural
steal, 801–804

lateral crural flap, 800, 801
nasal tip rotation,
projection techniques, 800

Tragion, cephalometric point,
7

Tragus formation, otoplasty,
922, 923

Transsphenoethmoidal
approach, extracranial,
optic nerve
decompression, 541

complications, 546
description, indications,
541–544

surgical anatomy, 544
technique, 545, 546

Trapezius regional flap,
248–253

Traumatic scarring,
dermabrasion for, 967

Traumatic tattoo,
dermabrasion for, 967

Tremor, with lidocaine
toxicity, 30

Trichion, cephalometric
point, 7

Trichloroacetic acid, in
chemical peeling, 961

Trichoepithelioma, multiple,
dermabrasion for, 967

Tripod concept, in
rhinoplasty, 740, 741

Tuberous sclerosis,
angiofibromas of,
dermabrasion for, 967

Turbinate hypertrophy,
rhinoplasty, 787, 788

Twitching, with lidocaine
toxicity, 30

Ulcer, leg, dermabrasion for,
967

Underresection of fat, as
complication of
blepharoplasty, 891
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Underresection of skin, as
complication of
blepharoplasty, 891

Underrotation nasal tip,
dependent tip, 821

Unicoronal synostosis, 393,
405–408

preoperative planning, 405
asymmetry of orbits,
correction of, 405
supraorbital bar, ventral
advancement of, 405

preoperative preparation,
405

surgical technique, 405–407
Upper eyelid blepharoplasty,

858–871
blepharoptosis, 865–867
cosmetic, 860–865
orbital fat excision, 862–
864
skin excision, 861, 862
technique synopsis, 864,
865

epicanthoplasty, 869–871
surgical anatomy, 858–860
eyelid crease, 859, 860
levator aponeurosis, 859
levator palpebrae
superioris, 858, 859
Muller’s muscle, 860
orbital fat, 860
orbital septum, 860
roof, 860
Whitnall’s ligament, 860
upper eyelid crease,
creation of, 867–869

Upper lid crease asymmetry,
as complication of
blepharoplasty, 891, 892

Upper vermilion,
cephalometric point, 7

Valve dysfunction, nasal, 823
prevention of, 790

Vascular lesions, laser
ablation, 988–990

Vascular tissue, sarcomas,
102

Vascular tumors, 97–99
congenital hemangiomas,
97, 98

Vasculitis, poor wound
healing with, 60

Vasodilation, peripheral, with
lidocaine toxicity, 30

Vault, middle, narrow, nasal
tip, 823

Venous stasis, poor wound
healing with, 60

Vermilion defects, lip
reconstruction, 216, 217

Verrucous nevus,
dermabrasion for, 967

Vertex, surgical
reconstruction of, in
alopecia, 1008

Vertical reduction
genioplasty, 937, 938

Vessel selection, difficult neck,
distant flaps, 265

Vision, blurred, with
lidocaine toxicity, 30

Visual loss, as complication
of blepharoplasty, 892,
893

Vitamin A, poor wound
healing with, 60

Vitamin E, poor wound
healing with, 60

Vomiting, with lidocaine
toxicity, 30

Werner syndrome, poor
wound healing with, 60

Werner’s syndrome, face
lifting and, 1014

Whitnall’s ligament, upper
eyelid blepharoplasty,
860

Whitnall’s tubercle,
blepharoplasty, 898

Wound classification, massive
traumatic tissue loss, 681

Wound healing, 53–62
bone, 64–66
factors influencing, 58
growth factors, 58
hypertrophic scars, 62, 63
inflammatory phase, 54, 55
keloids, 62, 63
multiple growth factors,
cell source, 59

proliferative phase, 55, 56
remodeling, maturation
phase, 56–58

skin grafts, 66
systemic conditions, 60–62
congenital abnormalities,
62
diabetes mellitus, 61
hypoxemia, 62

[Wound healing]
malnutrition, 60, 61
radiation therapy, 62
systemic
glucocorticosteroids, 62

topical antiseptics, 58–60
W-plasty scar revision, 712–

715

Xanthelasma, dermabrasion
for, 967

Xeroderma pigmentosum,
dermabrasion for,
967

Zinc sulfate, poor wound
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