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Preface

The first edition of Surgery of the Skin: Procedural Derma-
tology became known as the “Hand Book” because of the 
cover image of the editor’s hands. We are delighted that 
the text became the handbook of procedural dermatology. 
The second edition was regarded by our readers as their 
preferred concise ready reference, thus, earning the sobri-
quet of handbook. The book cover of each edition is created 
especially for that edition; therefore, we have retired two 
book covers focusing on hands. The first book cover was 
the image of the editor’s hands, and the second with images 
of our author’s hands performing procedures. With the 
aging of the population in many countries, more attention 
is being given to the appearance of the aging face. The cover 
of the third edition reflects this emphasis with the facial 
profile.

Dermatologic surgery has evolved over the last five years, 
and each of the chapters has been edited to reflect this. In 
addition, new chapters were added to present fully devel-
oped dermatologic surgery treatments for vitiligo, hidrad-
enitis suppurativa and rejuvenation of the female external 
genitalia. Portions of each chapter are offered online as a 
part of the website called “Expert Consult.” The edited 

online content provides additional examples of surgical 
cases with variations on the material presented in the text-
book. Dermatologic surgeons frequently make choices 
between a variety of treatment options, e.g. medical vs. 
surgical treatment, chemical peeling vs. laser resurfacing, 
or flap vs. graft reconstruction. There are some regional and 
generational differences in physicians’ execution of com-
monly performed techniques as well as differences related 
to the racial/ethnic differences of the patient. Selecting 
among the variety of treatment options and their execution 
is part of the art of procedural dermatology. Each of our 
authors is an accomplished artist and we are indebted to 
them.

June K Robinson, MD
C William Hanke, MD, MPH, FACP

Daniel M Siegel, MD, MS
Alina Fratila, MD

Video Editors
Ashish C Bhatia, MD, FAAD

Thomas E Rohrer, MD
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1 Anatomy for Procedural 
Dermatology

INTRODUCTION
Feeling comfortable with regional anatomy promotes com-
petency in performing surgical procedures. Regional 
anatomy is integrated into chapters when understanding 
the anatomy is relevant to the surgical procedure.  
For example, the superficial musculoaponeurotic system 
(SMAS) is described in the chapter discussing layered facial 
closures with plication of the SMAS (Chapter 14). In some 
instances, the topographic anatomy is provided only in the 
chapter with the surgery of the specialized unit. For 
example, nail unit surface topography and anatomy of the 
distal phalanx are provided with nail surgery (Chapter 47); 
and the anatomy of the superficial and deep venous system 
of the leg is with sclerotherapy for leg veins (Chapter 36). 
Regional topographic anatomy that is not included in other 
chapters is provided in this chapter, thus the terminology 
used to describe surface features of the ear, nose, lips, 
genitalia, hands, and feet is included in this chapter. A 
figure from this chapter may be repeated in subsequent 
chapters in order to inform the description of the surgical 
procedure. For example, the topographic landmarks and 
components of the periorbital region are included in the 
description of blepharoplasty.

Planning surgical procedures depends upon a working 
knowledge of anatomy. The decision to perform surgery 
requires assessment of the risks and benefits of the proce-
dure for the individual patient. The anticipated final appear-
ance is, in part, determined by the regional anatomy and 
the functional interaction of the skin with underlying ana-
tomic features. The cosmetic units of the face; location of 
free margins of the eyelid, nasal rim, helix of the ear, and 
lip; and skin tension lines are used to plan the procedure. 
In addition, flaps are designed to prevent persistent post-
operative lymphedema. Providing safe and sufficient anes-
thesia requires knowledge of the sensory nerves to allow 
for effective regional nerve blocks. Superficial topography, 
also known as the surface landmarks, is used to locate 
underlying blood vessels, sensory and motor nerves, and 
lymphatic ducts. The level of undermining used to mobilize 
tissue requires an understanding of the horizontal arrange-
ment of the cutaneous, muscular, and fascial soft tissue 
planes. Suture placement requires both vertical and hori-
zontal orientation to the tissue. It is critically important to 
know the drainage pattern of the lymphatic system, which 
must be examined for cutaneous metastasis of melanoma, 
squamous cell carcinoma, and other aggressive cutaneous 
malignancies.

SKIN STRUCTURE AND 
FUNCTIONAL BIOMECHANICS
While most of the skin’s biomechanical properties are 
derived from dermal collagen and elastin, the subcutaneous 
fat, blood vessels, and nerves play a role in the skin’s func-
tional biomechanics. While the epidermis has almost no 
biomechanical role, the dermoepidermal junction is impor-
tant to wound healing (Fig. 1.1).

Epidermis
The outermost layer of the skin, the epidermis, is a continu-
ous self-regenerating layer of stratified squamous epithe-
lium varying in thickness from 0.04 mm on the eyelids and 
genitalia, to 1.5 mm on the palms and soles.1 The stratum 
germinativum, or basal cell layer, is composed of a single 
row of columnar epithelial cells arranged with their long 
axes perpendicular to the dermoepidermal junction. The 
basal keratinocytes are the active stem cells that proliferate 

June K Robinson MD

CHAPTER SUMMARY

•	 Wound healing and the final surgical result depend on 
the anatomic location, structure of the skin and its 
functional interaction with underlying elements of the 
region.

•	 Anticipation of the dynamic tension exerted on free 
margins of the eyelid, nasal rim, helix of the ear, and lip 
helps in planning the procedure to preserve the regional 
anatomy.

•	 The cosmetic units of the face and skin tension lines are 
used to plan a procedure.

•	 Knowledge of the sensory nerves is necessary for 
effective regional nerve blocks.

•	 The depth of the initial incision, the proper level of 
undermining, and placement of sutures depend on 
knowledge of the underlying anatomy.

•	 Knowledge of the regional anatomy and its drainage by 
the lymphatic system is important for assessment of 
melanoma, squamous cell carcinoma, and other 
aggressive cutaneous malignancies.
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Epidermis

Dermis

Subcutaneous fat

Stratum corneum
Stratum granulosum

Stratum germinativum

Blood vessels

Free nerve endings

Hair follicle

Stratum spinosum

Hair

Apocrine gland

Dermoepidermal junction

Eccrine duct and gland

FIGURE 1.1  Skin consists of three major divisions: epidermis, dermis, and subcutaneous fat. (After White CR, Bigby M, Sangueza OP. What is 
normal skin? In: Arndt KA, LeBoit PE, Robinson JK, Wintroub BU, eds. Cutaneous medicine and surgery. Philadelphia: Saunders; 1996:3–41.)

heterogeneously and maintain homeostasis by balancing 
proliferation (S phase) and non-cycling (G0, G1, G2  
phase) cells. Non-cycling stem cells can be recruited by 
wounding.

While there may be differences from one person to 
another for eyelid skin, the thickness of the facial skin of 
any one person may be expressed as how many times 
thicker it is than eyelid skin. For example, nasal tip skin is 
3.30 times thicker than eyelid skin, the nasal dorsum is 
2.92 times thicker, and the brow/forehead is 2.8 times 
thicker.2 This ratio uses the epidermal and dermal thickness 
of eyelid skin as the reference unit for comparison. Skin 
thickness varies with age, race, gender, and the degree of 
photodamage. An understanding of the relative thickness 

of the skin helps the surgeon closely approximate the origi-
nal characteristics of the skin when planning a repair.

Dermis
The dermis is a flexible, intricate, connective tissue network 
of collagen and elastin fibers embedded in a ground sub-
stance matrix that accommodates nerve bundles, sensory 
receptors, lymphatic channels, and vasculature. Beneath 
the dermoepidermal junction, collagen, especially collagen 
type I, constitutes 75% of the dermis.3 In the adventitial 
and papillary dermis, collagen fibers are loosely arranged 
and form a fine meshwork, whereas in the reticular dermis, 
they are assembled into thick interwoven bundles. Elastic 
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but quite inelastic. In inelastic skin such as the scalp, even 
a 30° angle of closure may produce noticeable tissue 
protrusion.

Biomechanical skin responses
Biomechanical properties determine the tissue response to 
intraoperative conditions. These properties are measured 
by stress, elasticity, creep, and stress relaxation. Stress 
(load) can be defined as force delivered to a cross-sectional 
area. Strain is the change in length in comparison to the 
original length.6 The load versus length relationship is the 
stress–strain curve (Fig. 1.2). During the initial stages of 
loading, the material deforms in direct proportion to the 
stress, as seen by the early straight-line relation between 
stress and strain. The slope of this curve up to point A, the 
elastic region of the stress–strain curve, is Young’s modulus 
or the modulus of elasticity (E).5,6 The equation of this line, 
Hooke’s law, is σ = Ee, where σ is defined as stress and e 
is defined as strain. Materials with larger E values are stiffer 
or more rigid than those with low E values.

A material loaded with stress beyond point A will not 
completely return to its original shape after removal of the 
stress. Point A represents the elastic limit. Loading beyond 
point A produces permanent deformation; this region of 
the curve is the plastic region. As the stress is removed, the 
elastic portion recovers along a line parallel to the original 
slope (Fig. 1.2, dashed line), leaving permanent deforma-
tion. The limit of usable elastic behavior is defined as point 
B, the yield strength. As loading continues into the plastic 
region, the increasing stress does produce increasing strain, 
but not in a linear fashion (Fig. 1.2, points B and C). The 
specimen elongates on continued application of the load 
until the point is reached at which the specimen is unable 
to adapt enough to continue to support the load (Fig. 1.2, 
point C, tensile strength). The region from B to C demon-
strates that the stretchability of skin is non-linear. Stress 
relaxation most likely occurs because of breakage of colla-
gen fibers. After the maximal load is exceeded, the speci-
men elongates rapidly and rupture occurs (Fig. 1.2, point 
D). Obviously, during intraoperative loading of the skin, the 
surgeon seeks to maximize the stress to produce the great-
est strain that can be tolerated by the skin. Thus the region 
of this curve BC must be used to optimal advantage, but 
the load should not exceed the tensile strength of the skin 
or the tissue will slip into the portion of the curve CD that 
leads to rupture.

Movement of the skin is characterized by its ability to 
stretch over time (creep). Mechanical creep occurs when 
the skin is stretched at a constant force and eventually 
contributes to skin deformation. The constant force results 
in extrusion of tissue fluid from the interstices of the col-
lagen network and stretching of skin beyond its inherent 
extensibility. The stretching achieved during mechanical 
creep does not retract intraoperatively. At a certain point 
in the stress–strain curve, there is almost complete relax-
ation (stress relaxation), which is most likely because of  
the breakage of collagen fibers; however, after this point, 

fibers constitute approximately 3% of the dermis by dry 
weight, measure 1–3 mm in diameter, and play a major role 
in skin elasticity and resilience.4 Elastic fibers are confined 
to the lower portion of the dermis, where they are arranged 
parallel to the epidermis. The third component of the 
dermis is the ground substance, an amorphous material that 
fills spaces between the fibrillar and cellular components of 
the dermis, imparting turgidity and resilience. In human 
skin, the dermal matrix consists of glycosaminoglycans 
(hyaluronic acid and dermatan sulfate) and glycoproteins. 
Fibronectin, the major filamentous glycoprotein compo-
nent of the dermal matrix, is produced by fibroblasts. 
Fibronectin ensheaths collagen and elastin bundles and 
plays a role in the attachment of keratinocytes to the basal 
lamina, which is important in wound healing.

Intrinsic elasticity
The intrinsic elasticity of the skin, its “stretchability,” is an 
important characteristic to understand during wound 
closure. In areas where the dermis is relatively inflexible 
and lacks elasticity (back, scalp), even small degrees of 
tissue rotation may result in protrusion of the pivot point, 
whereas in areas where the skin possesses significant elastic-
ity (young facial skin), larger angles of rotation are absorbed 
without causing protrusion. Lifting and stretching the skin 
between the surgeon’s index finger and thumb is a helpful 
means for estimating the elasticity of the skin before wound 
reconstruction.

In comparison with static materials such as steel, skin’s 
stress–strain relationship varies over time and is not a linear 
relationship (Fig. 1.2). Intrinsic tissue elasticity is related 
to the patient’s age, amount of photodamage, and anatomic 
site. In general, younger patients possess greater tissue elas-
ticity for a given anatomic site than older patients. Mark-
edly photodamaged skin possesses less elasticity than 
photoprotected skin. In some anatomic sites, such as the 
back of the hand or elbow, the skin is easily movable  

FIGURE 1.2  The stress–strain relationship. (After Marcus et al. 1990,5 
with permission from Journal of the American Academy of Dermatology Inc.)
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vascularized regions are better able to withstand tension 
than poorly-perfused ones that may undergo necrosis. 
“Stretch-back” describes the subsequent spreading of scars 
for wounds closed under tension. Most of the spreading of 
the scar occurs during the first 8 postoperative weeks and 
is completed at 12 weeks. On the scalp, upper back, and 
deltoid region, the benefits of excision for aesthetic indica-
tions is compromised by scar spreading. It is important to 
be aware of the capacity for stretch-back before planning 
the surgery.

Head and neck soft tissue anatomy
Significant variations in the skin of the head and neck and 
the relationship to underlying adipose tissue, cartilage, and 
bone occur within dramatically short distances of a few 
centimeters of the scalp, eyelids, lips, and chin (Fig. 1.3). 
The scalp is divided into five layers that are identified by 

additional undermining will not reduce closure tension, but 
will increase the risk of hematomas or nerve damage.

Closing a wound without tension can be achieved by 
intraoperative loading with a constant force, such as placing 
temporary retention sutures (pulley stitch) for about 
15 min. Another way of achieving mechanical creep is by 
load cycling, which is performed with strong traction 
exerted with skin hooks at 3-min intervals over four cycles. 
When stretched skin is anchored to a fixed point by suspen-
sion sutures, the elastic fibers do not revert to their original 
state. Intraoperative tissue expansion can also be performed 
by closing the wound using the rule of halves.5 Each suture 
progressively reduces the tension across the wound as the 
surgeon takes advantage of tissue creep. Tissue stretching 
affects the skin’s microcirculation with a combination  
of narrowing of the lumina of blood vessels and shearing 
fractures.7,8 This tension also may result in venous con
gestion with subsequent compromise of healing. Highly 

FIGURE 1.3  Facial skin cross-sections showing variations of the skin and its relationship to deeper layers. (Modified with permission from 
Wheeland RG. Cutaneous surgery. Philadelphia: WB Saunders; 1994:51.)
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the mnemonic “SCALP”, which describes the layers from 
superficial to deep as S, skin; C, subcutaneous tissue; A, 
aponeurosis (galea); L, loose connective tissue; and P, peri-
osteum.9 The cutaneous nerves and vessels of the scalp are 
in the dermal skin layer with larger vessels in the subcuta-
neous fat. There are virtually no vessels in the subgaleal 
space of loose connective tissue, which makes it the ideal 
plane to undermine scalp tissue. However, scattered emis-
sary vessels that are transmitted through the skull are occa-
sionally encountered and must be planned for during scalp 
surgery. All nerves and vessels of the scalp originate below 
the level of the brow as it is extended circumferentially 
around the scalp. No motor nerves are found on the scalp.

The fibrous bands connecting the dermis to the aponeu-
rosis or fascia on the face and the body are accentuated in 
the scalp. During surgery in the subcutaneous fat of the 
scalp, there is significant resistance to lateral movement and 
substantial undermining has to be performed to close even 
small wounds.10 The rich vascular supply of the scalp means 
that undermining in the subcutaneous tissue is routinely 
associated with heavy bleeding. To mitigate this problem, 
most dermatologic surgeons carry their incision through the 
galea. Because the galea is so inelastic, the underside of it 
may be scored (galeatomy) to enhance its ability to stretch 
over the periosteum to close the defect. The galea is an 
aponeurosis connecting the frontalis muscle of the forehead 
with the occipitalis muscle of the posterior scalp, which is 
why the area is referred to as one structure, the occipito-
frontalis muscle. The galea extends from the superior 
occipital line to approximately 2 cm below the frontal hair-
line on the forehead where it interdigitates with the SMAS.

The skin of the eyelids, which is the thinnest on the 
entire body, has a rich vascular supply and no subcutaneous 
fat. The skin lies directly on the muscle, with a minimal or 
no fatty layer. Caution is needed when making incisions 
because even an incision limited to a few millimeters is 
relatively deep here. Without the protective buffer of fat 
that exists in other areas, there is the possibility of the 
novice incising too deeply and inadvertently injuring  
the orbital septum and entering the highly vascular retro-
orbital fat.

As in the periorbital area, the voluntary muscles of the 
perioral and chin area insert directly into the skin, which 
is why dynamic (animation) wrinkles in these areas are so 
prominent. The muscles are thick and large, especially on 
the chin, and undermining is often difficult and associated 
with increased bleeding. Blunt dissection on the chin is 
often hampered by the presence of the diagonally and verti-
cally inserting muscular fibers and minimal subcutaneous 
space to dissect within. By contrast, the skin of the lateral 
cheeks has no direct muscle insertions and blunt undermin-
ing in subcutaneous tissue can be carried out with minimal 
effort.

In the postauricular area, anterior to the mastoid area, 
the fatty layer is often very thin. The most posterior aspect 
of the parotid gland is in this area and protects the facial 
nerve. The gland is grayish-tan in color and a bit denser in 
consistency than adipose tissue and must be avoided.

Cosmetic units of the face
Boundaries or junctions of anatomic units on the face 
including the nasolabial fold, the nasofacial sulcus, the men-
tolabial crease, and the preauricular sulcus form some of 
the contour lines of the face. Other examples are eyelid 
margins, philtral columns, nasal contours, the vermilion 
border, and eyebrows. These junction lines divide the face 
into cosmetic units (Figs 1.4–1.9).11,12 It is important that 
these boundaries are respected as much as possible during 
surgery. Other facial contour lines are wrinkles, which are 
best delineated in the seated and animated patient. Age and 
sun exposure can accentuate the wrinkles that appear along 
the course of the relaxed skin tension lines. These lines 
generally occur perpendicular to the long axis of the under-
lying musculature.

The major aesthetic units of the face (the forehead, nose, 
eyes, lips, cheeks, and chin) (Figs 1.4–1.9) are subdivided 
into units whose skin surface attributes are consistent 
within the unit. Surface characteristics such as pigmenta-
tion, texture, hair quality, pore size, sebaceous quality, and 
response to blush stimuli are similar within a single unit. 
Elasticity and mobility of the skin may vary within a unit. 
The boundaries of these cosmetic units may provide good 
places to electively place incisions. For instance, the junc-
tion of the nose and medial cheek (the nasofacial sulcus) 
provides a natural line of definition along which an incision 
may be camouflaged. These cosmetic units also reflect the 
surface anatomy with differences in the three-dimensional 
contour providing demarcation of the units.13 Terminology 
evolves to meet clinical demands, thus the lip region is now 
classified in 15 anatomic zones to better direct placement 
of injectable fillers (Fig. 1.9B).14

Volume changes in the skin and soft tissue contribute to 
age- and disease-related facial reshaping. Gravity deter-
mines the direction of facial tissue festooning but is not the 
cause of the tissue deflation. The soft tissue is draped over 
the craniofacial support system; therefore, bone reabsorp-
tion due to aging is the major contributor to the appearance 
of the aging face. As the aging mandible becomes smaller, 
the cosmetic unit of the cheek and chin becomes promi-
nent, thus the perioral area has the appearance of a puppet 
– Marionette lines. With thyroid associated orbitopathy,  
the dermal and subdermal tissues are infiltrated, the 
eyebrow region becomes thickened and coarse. There is a 
change in the shape of the brow with a lateral flare or “C” 
shape and a rounded bulge of tissue between the lateral 
brow and the temporal fossa. Surgical rehabilitation of 
these patients requires eyebrow remodeling with sculpting 
of the eyebrow fat.15

Skin tension lines
The inherent properties of the dermal collagen and elastic 
tissue of skin in various regions combined with the tension 
intermittently exerted on it by the underlying muscles 
results in linear wrinkles (Figs 1.10–1.12). Over the years, 
stretching of the collagen in the direction of the pull of the 
muscles produces wrinkles. The elastic tissue is able to 
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FIGURE 1.4  The boundaries of the six cosmetic units of the face (forehead, cheeks, eyes, nose, lips, and chin) are defined by the contour 
lines of the nose, lips, and chin. (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of 
cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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FIGURE 1.5  Four components of the forehead. (After Robinson JK. 
Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, 
Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 
1996:1–4, with permission from Saunders.)
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FIGURE 1.7  Topographic landmarks of the periorbital region. (After 
Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, 
LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: 
Saunders; 1996:1–4, with permission from Saunders.)
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FIGURE 1.8  Topographic landmarks of the nose. 
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FIGURE 1.11  Relaxed skin tension lines of the body in (A) a woman and (B) a man. (After Robinson JK. Basic cutaneous surgery concepts. In: 
Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)

A B

FIGURE 1.12  Relaxed skin tension lines of the extremities. 
(A) Upper arm; (B) lower arm; (C) anterior leg; (D) posterior leg. 
(After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt 
KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: 
Saunders; 1996:1–4, with permission from Saunders.)
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FIGURE 1.10  Facial skin tension lines and the facial muscles. Over 
a period of years the pulling of the muscles of facial expression on 
the skin and loss of elasticity result in the redundant skin forming 
wrinkles. (After Salasche SJ, Bernstein G, Senkarik M. Surgical anatomy of 
the skin. Norwalk, CT: Appleton, with permission from The McGraw Hill 
Companies Inc ©.)
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underside of the orbital rim. From this notch the supraor-
bital artery, vein, and nerve emerge from the skull.

The infraorbital vessels and nerve pass through the infra-
orbital foramen, which is found in the maxillary bone below 
the infraorbital rim. In non-obese people, it can usually be 
palpated as a small opening 1 cm below the infraorbital rim 
on the backward slope of the maxilla and superolateral to 
the nasal ala. While the mental foramen is not usually pal-
pable, it is typically present at the mid-portion of the 
mandible along the same vertical line from the supraorbital 
foramen (Fig. 1.13). With age, there is a reduction in the 
height of the mandible; the mental foramen may therefore 
assume a more superior location. In patients with dentures, 
the position of the foramen is best located by measuring 
about 1 cm from the inferior margin of the mandible supe-
riorly along the midpupillary line.

Anthropometric landmarks
A series of measures and angles form the points of refer-
ence for aesthetic planes, which attempt to codify the ideal 
parameters of beauty and proportion of the face. The 
ancient Greeks started this codification and the works from 
antiquity became available in the Renaissance. Leonardo da 
Vinci appears to have created the earliest known diagram 
of the facial circle (c. 1490–1492). In this circle of the 
profile of the face, the trichion (hairline), pronasale (nasal 
tip), and pogonion (anterior projection of the chin) fall 
along an arc (Fig. 1.14).18 A line from the tragion of the ear 
to the pronasale forms the radius of the arc. Pleasing facial 
proportions divide the face into relatively equal thirds. The 
upper face is measured from the trichion (the anterior 
hairline) to the glabella (which delineates the most promi-
nent projection of the forehead at the eyebrows). The 

maintain the smooth shape of the skin; however, as the skin 
loses its elasticity with age, the redundant skin ripples into 
wrinkles and folds. The linear wrinkles on the face form 
along the attachments of the fibers of the SMAS. When 
fibrous attachments of the skin to the underlying muscle 
do not exist, gravitational forces pull the skin into baggy 
areas, such as: infraorbital festooning, medial cheek jowling, 
and “turkey gobbler” neck deformity.

While areas of sagging skin are not produced solely by fat 
deposits, fat deposits do play a role in the contours of the 
face. The face consists of individual fat compartments that 
gain and lose fat at different rates. Malar fat is composed 
of three separate fat compartments: medial, middle, and 
lateral temporal cheek fat.16 The chin or mental fat com-
partment is well demarcated from the adjacent compart-
ments of the submental area and the jowl by retaining 
ligaments.17 The ligaments vary from being well-developed 
to absent.

Facial topography and relation to bony 
structures of the face
The surface anatomy of the face is best appreciated by 
referring to the bony landmarks of the frontal, maxillary, 
zygomatic, and mandibular bones. Each of these bones has 
distinctive features that contribute to the surface land-
marks of the face – the orbital rims, zygomatic arch, the 
mastoid process, and the mentum.

The zygomatic arch is the most prominent bone of the 
lateral cheek. The posterior aspect of the arch helps to 
define the superior pole of the parotid gland, the superficial 
temporal artery, and some branches of the facial nerve. The 
mastoid process is the most inferior portion of the temporal 
bone and is easily palpated as a rounded projection at  
the inferior aspect of the postauricular sulcus. It is the 
landmark for identification of the emergence of the facial 
nerve trunk. In the adult, the mastoid process protects the 
facial nerve as it exits the skull through the stylomastoid 
foramen. The mastoid process is not fully developed until 
puberty, during which time the facial nerve is not fully 
protected. The mental protuberance of the mandible forms 
the prominence of the chin. The body of the mandible 
supports the teeth and presents a sharp inferior margin of 
the lower face.

The portion of the frontal bone forming the forehead has 
rounded projections (frontal eminences). The superciliary 
arches deep to the eyebrows are prominent ridges with a 
small elevation between the two arches (the glabella). The 
nasion is formed by the articulation of the paired nasal 
bones with the frontal bone (see Fig. 1.14).

The three important foramina in the facial bones can be 
identified from the surface (see Box 1.1). The supraorbital, 
infraorbital, and mental foramina are found along a vertical 
line extending from the supraorbital foramen or notch and 
passing through the center of the pupil (Fig. 1.13). The 
supraorbital foramen is 2.5 cm or approximately one 
thumb-breadth from the midline of the nasal root.12 It can 
be palpated immediately above the orbit as a notch on the 

Box 1.1  Optimizing facial surgery

•	 Preserve the cosmetic units of the face. Remove 
additional tissue to place incisions at the junction of 
cosmetic units; use suspension sutures to fix advancing 
tissue to underlying support to prevent distortion of the 
free margins of the lip and eyelid.

•	 Place incisions into relaxed skin tension lines. With the 
patient seated, observe the formation of lines with 
animation of the face (e.g., grimace, frown, smile, 
pucker).

•	 Place suspension sutures into deep supporting 
structures: the mental crease, nasolabial fold at the 
junction with the alae, the zygomatic arch, the  
orbital rim.

•	 Mobilize tissue. Plan tissue movement to access the lax 
tissue of the temple, nasolabial fold, paranasal cheek, 
supraorbital and infraorbital lids, glabella, neck; use 
cycles of intraoperative loading with skin hooks on the 
skin of the wound edges to produce stress relaxation; 
temporary retention sutures place constant force on the 
wound edges.

•	 Reduce the wound size. Undermine tissue widely in a 
tissue plane that results in the least amount of bleeding 
and plicate the SMAS.
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the brow arch. The lips ideally extend from the medial 
limbus of one eye to the medial limbus of the other. A 
slanted line connecting the highest point of the upper lip 
at Cupid’s bow with the most lateral aspect of the vermil-
ion border of the upper lip should parallel a line connecting 
the mid and highest point of the supracanthal fold of the 
eyelid and the lateral-most border of this fold. These land-
marks can be helpful to achieve the most aesthetically 
pleasing results during facial reconstruction surgery.

Anatomic landmarks of the face (Video 1.1)
Parotid gland
Before planning a surgical procedure, the important struc-
tures that lie below the surface are localized by referring 
to surface landmarks. Asking patients to clench their teeth 
and jaw and palpating the leading edge of the muscle on 
the cheek identifies the masseter muscle. The muscle origi-
nates on the zygomatic arch and inserts on the ramus, angle, 
and body of the mandible. The parotid gland is on the 
posterior half of the masseter muscle and extends from the 
tragus to just above the angle of the mandible. The anterior 
border can generally be found by dropping a line down from 

middle-third of the face extends from the eyes and nose at 
the glabella to the subnasale (the inferior aspect of the nose 
at the junction of the columella and the cutaneous upper 
lip). The lower-third extends from the subnasale to the 
menton (the lowest point on the chin contour of the 
mandible).19

The face divides vertically into fifths, with each segment 
being equal to the width of the eye measured from the 
medial to lateral contours. The width of the eye equals  
the distance between the eyes (inner canthal distance); the 
distance from the lateral canthus to the outer rim of the 
helix of the ear in a full frontal view; and the width of  
the nose from ala to ala (Fig. 1.15). The central facial 
dimensions are further related by the interpupillary dis-
tance (solid line A), being equal to the vertical distance 
between the medial canthi and the most inferior point of 
the vermilion of the upper lip (the stomion superius;  
solid line B).

The ideal brow is defined by two lines: one drawn from 
the lateral alar rim to the outer canthus of the eye which 
continues on to the lateral tail of the brow. The other line, 
drawn obliquely from the lateral alar rim through the 
medial canthus to the brow, defines the highest point of 

FIGURE 1.13  A vertical line approximates the location of the supraorbital, infraorbital, and mental foramina 2.5 cm from the midline. 
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the lateral canthus. It has a somewhat triangular shape with 
the parotid duct (Stensen’s duct) emerging from the ante-
rior border of the parotid. The parotid duct drains the 
secretions of the parotid gland into the interior of the 
mouth as it enters the mouth opposite to the second molar 
tooth. The duct courses along the middle third of a line 
drawn from the notch of the ear above the tragus to a point 
midway between the oral commissure and the alar rim (Fig. 
1.16). This structure can be palpated as it runs across the 
masseter muscle when the teeth are clenched. At the ant
erior border of the masseter muscle, the duct makes a sharp 
right angle and passes through the buccinator muscle to 
enter the buccal mucosa at the position of the second upper 
molar. Cutting into the parotid gland creates a draining 
sinus that often heals spontaneously in a few days, but 
cutting the parotid duct often produces a chronic draining 
sinus that requires a procedure to repair it.

The facial nerve is associated with the parotid gland. 
Although the parotid gland protects the fibers of the facial 
nerve posteriorly, the branches are closer to the surface at 
the anterior margin of the parotid gland. The branches of 
the facial nerve exit the superior, anterior, and inferior 
poles of the parotid gland from its deep aspect and gener-
ally lie on the deep fascia of the masseter muscle (Fig. 

FIGURE 1.14  Anthropometric landmarks of the profile. (After Salasche SJ, Bernstein G, Senkarik M. Surgical anatomy of the skin. Norwalk, CT: Appleton 
& Lange; 1988, with permission of The McGraw Hill Companies Inc ©.)
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generally extends to the lateral tip of the eyebrow along 
the coronal suture line. Medially and superiorly to this 
point the branches of the nerve are protected by their loca-
tion below the muscle; however, lateral to the brow the 
nerve overlies the SMAS and is only protected from injury 
by a very thin fatty layer (Fig. 1.19).

Facial artery
The facial artery, a branch of the external carotid artery, is 
palpated as it crosses the inferior mandibular rim immedi-
ately anterior to the insertion of the masseter muscle (Fig. 
1.20, Box 1.2). This point is also helpful in locating the 
course of the mandibular branch of the facial nerve. After 
crossing the mandibular rim, the facial artery and vein then 
follow an anterosuperior course in the direction of the oral 
commissure (Fig. 1.21). Near the angle of the mouth, the 
inferior labial artery and then the superior labial artery 
branch off medially. The facial artery then courses along 
the medial cheek near the nose as the angular artery and 
enters the orbit immediately above the medial canthal 

FIGURE 1.16  Branches of the facial nerve exit the anterior, superior, and inferior poles of the parotid gland. The point where the parotid 
duct crosses the anterior border of the masseter muscle is plotted along a line connecting the tragus to the middle of the upper lip, the 
tragolabial line. (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. 
Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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1.16). Although relatively deep in this area, the nerve 
branches are potentially exposed to injury during surgical 
procedures.

Another structure that can be located by its relationship 
to the parotid gland is the superficial temporal artery, which 
traverses the posteroinferior aspect of the parotid gland 
from infralobular to pretragal and enters the subcutaneous 
fat at the superior pole of the parotid gland at the zygo-
matic arch. The pulsation of the artery can easily be pal-
pated pretragally and as it crosses the zygomatic arch and 
continues into the temple (Figs 1.17, 1.18).

Temporal fossa
The zygomatic arch, the tail of the eyebrow, the coronal 
suture line, and the temporal hairline delineate the bound-
aries of the temple. It lies superior to the lateral cheek and 
above the parotid gland. This area is an important landmark 
for identification of the most superficial course of the tem-
poral branch of the facial nerve and is therefore called a 
danger zone. The lateral margin of the frontalis muscle 



FIGURE 1.17  Relationship of the temporal artery to the temporal 
branch of the facial nerve. The frontal branch of the temporal artery 
lies to the left of the line of white dots pointed to with the 
cotton-tip applicator. One of the temporal branches of the facial 
nerve is marked on the skin with gentian violet. (After Robinson JK. 
Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, 
Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 
1996:1–4, with permission from Saunders.)

FIGURE 1.18  The tortuous engorged frontal branch of the temporal 
artery is visible on the surface of the skin (highlighted by white 
dots). (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, 
Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. 
Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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FIGURE 1.19  Branches of the facial nerve. The shaded area represents the “non-protected zone” where branches have emerged from the 
parotid gland. (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. 
Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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accessory nerve at its most exposed location in the poste-
rior triangle (Fig. 1.23).

Facial muscles
Branches of the facial nerve innervate all the muscles of 
facial expression (Table 1.1). These muscles originate or 
insert into the skin itself (Figs 1.24, 1.25). This is in con-
trast to the muscles of the body, which originate and insert 
on the bony structures that they move. The major function 
of the facial muscles is expression, which is important in 
non-verbal communication, and mouth and eyelid function. 
The SMAS represents a continuous layer of fascia, which 
encases and connects all the muscles of facial expression 
with overlying skin through fibrous bands. It interconnects, 

tendon to anastomose with the ophthalmic artery branches 
(Fig. 1.22).

Sternocleidomastoid muscle
The sternocleidomastoid muscle originates from the 
sternum and clavicle and extends in a posterior diagonal 
fashion to insert onto the ipsilateral mastoid process and 
lateral portion of the occipital ridge. The muscles work 
together to flex the neck and work individually to turn the 
neck and elevate the chin. With the head rotated away from 
the observer, the sternocleidomastoid muscle becomes a 
prominent surface landmark that divides the neck into the 
anterior and posterior triangles. The muscle and the mastoid 
process are important landmarks used to identify the spinal 

FIGURE 1.20  Arterial supply of the face in relationship to the masseter muscle and parotid gland. (After Robinson JK. Basic cutaneous surgery 
concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from 
Saunders.)
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cosmetic than a functional derangement, whereas injury to 
motor nerves of the lower face causes substantial cosmetic 
and functional loss as a result of mouth dysfunction.

Periorbital muscles 
The major muscle around the eyes is the orbicularis oculi, 
which has an orbital and a palpebral component. The pal-
pebral muscle is further divided into preseptal and pretarsal 
components. The muscle only inserts into the bone at the 

integrates, and unifies the action of the facial muscles and 
creates facial expression. The importance of the facial 
muscles is obvious in the patient who has lost the function 
of the facial nerve because of trauma or stroke or as the 
temporary result of local anesthesia (Fig. 1.26). If, for 
example, temporal nerve injury causes permanent loss of 
the ipsilateral frontalis muscle, causing loss of horizontal 
forehead rhytides and descent of the brow on the affected 
side, the normal side may be temporarily treated by injec-
tion of botulinum toxin to block the function of the nerve 
or a brow-lift may ensue.

The muscles are categorized by regions of the face, with 
groups of muscles acting in concert together thanks to the 
SMAS, rather than as individual muscles (e.g., mouth, nose, 
eye, and ear). Muscles of the upper face (periorbital) act 
primarily in the vertical direction, whereas those of the 
lower face (perioral) work in both vertical and horizontal 
directions. The frontalis muscles of the upper face normally 
function as one unit that raises the eyebrows and, second-
arily, the eyelids. Nerve injury here causes more of a 

Box 1.2  Practical applications of anatomy for 
procedural dermatology

•	 Recognize the danger zones for arterial bleeding:
•	 the frontal branch of the temporal artery at the 

temple
•	 the facial artery as it crosses the mandibular rim
•	 the angular artery as it courses near the nose.

•	 Recognize the danger zones for nerve transection:
•	 the temporal branch of the facial nerve
•	 the spinal accessory nerve in the posterior triangle of 

the neck
•	 the marginal mandibular nerve as it courses in the 

neck below the mandible.
•	 Know where to perform nerve blocks:

•	 facial nerve blocks at the supraorbital, infraorbital, 
and mental nerve foramina – all the foramina are 
located along a vertically oriented midpupillary line

•	 digital blocks in the web space rather than along the 
digit to decrease the risk of nerve injury by 
compression with the volume of local anesthesia

•	 ankle block – posterior tibial nerve (see Chapter 3).
•	 Know where to place sutures:

•	 layered closures – place sutures in the muscle, 
SMAS, and deep subcutaneous fat, superficial 
subcutaneous fat, and deep dermis before the sutures 
that close the surface.

•	 Palpation of lymph nodes in the head and neck:
•	 postauricular nodes drain the upper posterior aspect 

of the ear, and the posterior parietal, mastoid, and 
temporal areas of the scalp

•	 parotid nodes drain the lateral cheek, anterior 
surface of the ear, forehead, and lateral canthal area

•	 submental nodes drain the medial and lower face, 
medial eyelid, lateral aspects of the lip, nose, 
gingivae of the mouth, soft palate, anterior two-thirds 
of the tongue, and the palatine fossa, and because 
they are in the midline they have the potential to 
drain from either the right or left central facial region 
of the middle two-thirds of the lip and the chin.

FIGURE 1.21  The course of the facial artery is shown as it enters 
the face at the lower border of the jaw, just in front of the anterior 
border of the masseter muscle. It is possible to palpate the pulsation 
here. The diagonal path across the face lateral to the oral 
commissure is shown by the arrows. (After Robinson JK. Basic 
cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub 
BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with 
permission from Saunders.)

FIGURE 1.22  The facial artery lies adjacent to the nose as the 
angular artery. It is to the left of the line of white dots. 
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medial canthus. The palpebral portion, which covers the 
eyelid, acts to gently close the lid. Contracting the orbital 
portion of the muscle closes the lids more tightly and draws 
them medially. The orbicularis oculi muscle does not open 
the eyelids. The eyelid is opened by the levator palpebrae 
superioris, which originates within the orbit and is inner-
vated by branches of the third cranial nerve. Thus, loss of 
function of the orbicularis oculi results in the levator supe-
rioris working unopposed so the eyelids do not close. The 
orbicularis oculi muscle is innervated primarily by the zygo-
matic branch of the facial nerve, but the upper portion of 
the muscle is also partially innervated by the temporal 
branch of the facial nerve. Paralysis of these muscles by 
nerve loss leads to inability to fully or tightly close the lids 
and possibly ectropion formation (Fig. 1.27).

The bilateral corrugator supercilii muscles arise from the 
medial part of the superciliary ridge to insert into the skin 
of the brow. They draw the brow medially causing “hooding” 
and contribute to the formation of the deep vertical furrow 
of the glabella.

The procerus muscle is a solitary midline muscle that 
originates from the superior aspect of the nasal bones to 
insert into the skin overlying the root of the nose. It pulls 
the medial aspect of the eyebrows inferiorly and is inner-
vated by the temporal branches of the facial nerve.

FIGURE 1.23  The spinal accessory nerve at its most exposed 
location. (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson 
JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. 
Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)

Table 1.1  Muscles of facial expression and their functions

Region Muscle Actions Innervation

Forehead 
and 
brow

Frontalis Raises the eyebrows and 
accentuates the horizontal 
wrinkles of the forehead, 
assists the opening of the 
eyelids widely

Temporal branch of the facial nerve

Corrugator supercilii Produces scowling by drawing 
the brow medially and 
downward

Temporal branches of the facial 
nerve

Procerus Draws the forehead and brows 
inferiorly to create transverse 
wrinkles at the nasal root

Temporal branch of the facial nerve

Eyelid Orbicularis oculi Closes the eye and blinks Zygomatic branch of the facial nerve
Levator palpebrae superioris Opens the upper eyelid
Frontalis (see above)
Procerus (see above)

Mouth Orbicularis oris Draws the lips together, pulls the 
lips against the teeth and 
puckers the mouth

Buccal and marginal mandibular 
branches of the facial nerve

Buccinator Flattens the cheek against the 
teeth and assists with whistling

Buccal branches of the facial nerve

Levator labii superioris alaeque nasi, 
levator labii superioris, zygomaticus 
major, zygomaticus minor

Lip elevators – produce the 
smile

Zygomatic branch of the facial nerve

Levator anguli oris, risorius Lip elevators – produce the 
smile

Buccal branch of the facial nerve

Depressor anguli oris, depressor labii 
inferioris

Lip depressors Marginal mandibular branch of the 
facial nerve

Platysma Lip depressors Marginal mandibular branch of the 
facial nerve

Mentalis Lower lip elevation and 
protrusion

Marginal mandibular branch of the 
facial nerve
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(fine pits in the skin where muscle fibers tug on overlying 
skin).

The depressors of the mouth from medial to lateral 
according to insertion in the lip include the depressor anguli 
oris, depressor labii inferioris and the platysma. These three 
muscles, which are innervated by the marginal mandibular 
branch of the facial nerve, pull down the lip and angle of 
the mouth. Injury to this vulnerable nerve results in an 
unopposed upward and diagonal pull on the lips causing 
lower lip elevation on this side, which is most prominent 
when smiling. At worst, this may give the appearance of a 
sneer. This may also be associated with some loss of func-
tion (i.e., drooling).

The orbicularis oris is the sphincter muscle responsible 
for pursing the lips and tight lip closure. Its muscle fibers 
are blended with those of many of the elevators and depres-
sors as well as those of the platysma and risorius muscles. 
The deep buccinator muscle, which is also innervated by 
the buccal branches of the facial nerve, is the fleshy part  
of the mid cheek. It helps keep food from accumulating 
between the gums and the cheek while eating, by forcing 
it back into the path of the teeth.

Nasal muscles 
The muscles of the nose are variable in their development 
and have little functional importance.

Perioral muscles 
Of the muscles of the lower face, those around the mouth 
are the most important. These can be divided into muscles 
that elevate, depress, and encircle the lips. The muscles 
insert directly into the skin. The elevators, from medial to 
lateral as they insert into the lip, are the levator labii supe-
rioris, levator labii superioris alaeque nasi, zygomaticus 
major and minor, and levator anguli oris. These muscles 
originate from the upper maxilla in the infraorbital areas, 
insert into the upper lip and melolabial fold, and as they 
contract, pull the mouth up and out. The levator anguli 
oris, which originates in the canine fossa of the maxilla, 
inserts into the angles of the mouth bilaterally, and is the 
deepest of the elevator muscles.

The mentalis muscle is innervated by the marginal  
mandibular nerve. It interdigitates with the lip depres-
sors above and platysma below, and contraction causes 
protrusion of the lip as well as “apple dumpling” chin  

FIGURE 1.24  Frontal view of the muscles of facial expression. 
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FIGURE 1.25  Lateral view of the muscles of facial expression. 
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FIGURE 1.27  While providing anesthesia for the surgical procedure, 
the buccal and zygomatic branches of the facial nerve are 
temporarily paralyzed. 

FIGURE 1.26  Loss of function of the temporal branch of the facial 
nerve results in a depressed brow. (After Robinson JK. Basic cutaneous 
surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. 
Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with 
permission from Saunders.)
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Lateral movement of the mouth is a function of the 
superficial platysma and risorius. The risorius is a paper-thin 
muscle that arises from the parotid fascia and passes ante-
riorly to insert into the skin and mucosa at the corner of 
the mouth. It pulls the labial commissure laterally, widen-
ing the mouth by making a smirk.

The platysma muscle is important anatomically but has 
little functional role. It is innervated by the cervical branches 
of the facial nerve. The muscle originates in the superficial 
cervical fascia and inserts into the orbicularis oris muscle 
as well as skin of the lips and chin. It is usually a broad but 
extremely thin muscular sheet that is responsible for 
tensing the skin of the neck, which gives vertical banding 
to the level of the clavicle in exaggerated cases. It covers 
and attempts to protect the marginal mandibular branch of 
the facial nerve as well as the facial artery and vein.

Despite the prominence of the temporalis and masseter 
muscles, these are not muscles of facial expression, but 
rather muscles of mastication.

Ear muscles 
The muscles of the ear are of no functional significance.

Superficial musculoaponeurotic system
The SMAS is composed of muscle and a thin superficial 
layer of fascia that invests nearly all of the muscles of facial 
expression, especially those of the lower face, mid-face, 
and forehead regions. The fascial component of the SMAS 
arises from the superficial cervical fascial layer, envelops 
the platysma muscle, sweeps over the mandible, and invests 
the muscles of the face. Posteriorly, the fascia is tightly 
attached to the mastoid process of the temporal bone, the 
fascia over the sternocleidomastoid muscle, the superficial 
fascia of the parotid gland about 1–2 cm anterior to the 
tragus, and the zygomatic arch.

Functionally, the SMAS forms a network that binds 
nearly all of the muscles of facial expression together and 
ensures that they act in concert. The fascia provides a 
method of distributing the pull of the muscles evenly over 
the skin and acts as a deterrent to the spread of infection 
from the superficial to the deep areas of the face. The axial 
arteries are found either in the superficial aspect of the 
SMAS or at the SMAS–subcutaneous fat border. Thus, the 
sub-SMAS layer is relatively bloodless. All sensory nerves 
lie above the SMAS; whereas all motor muscles lie just 
deep to the SMAS. Dissection beneath the SMAS on the 
cheek is only safe when directly over the parotid gland 
where the nerves are found within the parenchyma of the 
gland. In the temporal area, dissecting above the SMAS 
ensures the integrity of the facial nerve. The unique fea-
tures of the SMAS have resulted in significant innovations 
in cosmetic surgery, especially neck and face-lift surgery.20,21

Nerve supply of the head and neck
Sensory innervation
The sensory innervation of the face is derived from branches 
of cranial nerve V (the trigeminal nerve). It has three 

branches: V1 – the ophthalmic nerve (superior branch), V2 
– the maxillary nerve (middle branch), and V3 – the man-
dibular nerve (lower branch); these exit the skull through 
the supraorbital foramen, infraorbital foramen, and mental 
foramen, respectively. All the foramina are located along a 
vertically-orientated midpupillary line. Effective regional 
nerve block anesthesia can be achieved by blocking the 
nerves as they exit the foramina.

When performing surgery within the distribution of the 
ophthalmic and maxillary divisions of the trigeminal nerve 
at the orbital rim, it is possible to trigger the trigeminocar-
diac reflex. This causes severe bradycardia, asystole, hypo-
tension, apnea, and even death during surgery in or near 
the orbit. The sensory fibers of the ophthalmic and maxil-
lary divisions of the trigeminal nerve (afferent limb) connect 
with the trigeminal nucleus and the short internuncial 
nerve fibers of the brainstem link with the efferent limb to 
the motor nucleus of the vagus nerve.22

Cervical nerves derived from C2 to C4 form a plexus 
deep to the sternocleidomastoid muscle. The largest nerve 
to emerge from this plexus is the greater auricular nerve, 
which exits from behind the posterior border of the muscle 
and courses upward toward the lobule of the ear lateral to 
the jugular vein. It supplies the skin of the lateral neck and 
the skin at the angle of the jaw as well as portions of the 
ear. The lesser occipital nerve also emerges from behind 
the muscle slightly superior to the exit of the greater auric-
ular nerve and courses upward to innervate the neck and 
the scalp posterior to the ear. The transverse cervical nerve 
emerges from behind the muscle several centimeters infe-
rior to the great auricular nerve and crosses the muscle 
transversely to supply the skin of the anterior neck. This 
area of emergence of the great auricular, lesser occipital, 
and transverse nerves is Erb’s point (see below, and Fig. 
1.33). The importance of Erb’s point is that the spinal 
accessory nerve (the motor nerve to the trapezius muscle) 
also emerges in this vicinity. Injury to the spinal accessory 
nerve in this relatively superficial and unprotected location 
will result in a loss of function of the trapezius muscle with 
chronic aching in the shoulders, paresthesia in the arm, 
dropped shoulder, and inability to actively abduct the 
shoulder to more than 80°.

Motor innervation
The facial nerve innervates all the muscles of facial expres-
sion; therefore, it is of unique importance during surgery 
of the skin. In many instances, the branches of this nerve 
are superficial and vulnerable to trauma during surgery. 
When surgery is planned in these areas, patients need to be 
advised preoperatively of the risk of trauma to the facial 
nerve and the functional deficits that may result because  
of it.

The facial nerve has five major branches: temporal, zygo-
matic, buccal, marginal mandibular, and cervical. In general, 
the branches of the facial nerve enter the muscles that they 
innervate at their posterior and deep surfaces. The branches 
generally travel below the SMAS fascia, as opposed to 
sensory nerves, which run over the SMAS. If a branch is 
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FIGURE 1.28  Cadaver prosection of the rami of the temporal 
branch of the facial nerve as it crosses the zygomatic arch. (After 
Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, 
LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: 
Saunders; 1996:1–4, with permission from Saunders.)

FIGURE 1.29  Cadaver prosection close-up of the same area seen in 
Figure 1.28. The scalpel handle is under the temporal branch of the 
facial nerve, which has been dissected out of the SMAS at the 
zygomatic arch. On the forehead, about 2 cm above the brow, the 
forceps pick up the nerve as it is covered with the SMAS. The nerve 
is clearly visible through the distance between the two surgical 
instruments. (After Robinson JK. Basic cutaneous surgery concepts. In: 
Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous 
surgery. Philadelphia: Saunders; 1996:1–4, with permission from 
Saunders.)injured anterior to a vertical line drawn from the lateral 

canthus, the nerve can be expected to regenerate with 
partial function over the course of several months. Once 
the facial nerve branches leave the parotid gland, they are 
less well protected and more prone to inadvertent trauma. 
Hence, this region is called a “danger zone” (Fig. 1.19). The 
danger zone is described within the following boundaries:

•	 Starting at the ear, a horizontal line 1 cm above the 
zygoma and ending at Whitnall’s tubercle (Fig. 1.19). 
The lateral aspect of the brow is a useful landmark 
for the upper border of the danger zone

•	 A vertical line starting at Whitnall’s tubercle and 
ending at the inferior margin of the mandible

•	 Starting at the inferior margin of the mandible, a 
curved line extending 2 cm below the margin of the 
mandible and ending at the angle of the mandible.

The temporal branch is considered to be one of the most 
vulnerable branches of the facial nerve (Fig. 1.28). Drawing 
one line from the earlobe to the lateral tip of the highest 
forehead crease and a second line from the earlobe to the 
lateral tip of the brow and then connecting these two end-
points can identify the course of this nerve. After leaving 
the upper pole of the parotid gland, the nerve, which may 
be singular or exist as multiple branches, courses upwards 
to innervate the frontalis muscle, upper portion of the 
orbicularis oculi muscle, and corrugator supercilii. The 
nerve is most vulnerable as it crosses the zygomatic arch 
and temple, where it is protected only by skin, subcutane-
ous fat, and a thin layer of SMAS (Fig. 1.29). In elderly 
patients, who have little to no subcutaneous layer, this 
nerve sits only millimeters below the skin surface. The 
major effect of injuring the nerve is flattening of the fore-
head with drooping of the eyebrow and inability to close 
the eye tightly. Descent of the brow into the orbital area 

may interfere with upward and lateral gaze, which can be 
repaired with a brow-lift.

The other branch of the facial nerve at risk because of its 
superficial location is the marginal mandibular branch as it 
exits the inferoanterior pole of the parotid gland at the 
angle of the mandible, and as it courses upwards posterior 
to the facial artery onto the face just anterior to the mas-
seter muscle to innervate the lip depressors. As the mar-
ginal mandibular nerve crosses the angle of the mandible, 
it is covered only by skin, subcutaneous fat, and the SMAS. 
Usually, the marginal mandibular nerve remains at or above 
the lower level of the mandible in its course. However, in 
20% of people, this nerve is found to descend 1–2 cm into 
the neck at the mandibular angle, so caution must be exer-
cised in this area (Fig. 1.30).23 When the head is hyperex-
tended in the opposite direction to expose the submandibular 
area for surgery, the nerve may be as much as 2 cm or more 
below the mandible, even in patients in whom this is not 
usually the case. In performing liposuction of the neck, it 
is possible to injure the marginal mandibular nerve. If the 
nerve is “bruised,” the patient will have an irregular smile 
for 6 weeks. If the nerve is transected, then there is per-
manent loss of the ability to smile and whistle. The pla-
tysma muscle is superficial to the marginal mandibular 
branch and may protect it from trauma. Unfortunately, the 
platysma muscle is highly variable and not always clearly 
identifiable. Trauma to the marginal mandibular branch can 
produce appreciable functional and cosmetic deficits, 
allowing lateral and upward pull on the mouth. The ipsilat-
eral side tends to be frozen in a persistent grimace because 
of the lack of opposing downward muscular contraction.
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Drainage to the postauricular nodes is from the upper 
posterior aspect of the ear, and the posterior parietal, 
mastoid, and temporal areas of the scalp. From here, drain-
age continues into the nodes beneath the upper portion of 
the sternocleidomastoid muscle and the superior junction 
of the internal jugular and spinal accessory node chains. The 
occipital nodes drain the muscular layers of the neck and 
posterior aspect of the scalp. They then also drain into the 
cervical lymph node chain (Fig. 1.31). Ultimately, the lym-
phatic system of the head and neck blend into a solitary 
trunk that empties into the venous circulation by the tho-
racic duct on the left and the jugular and subclavian veins 
on the left.

Topographic landmarks of the ear
With the exception of the lobule, the landmarks of the ear 
(Fig. 1.32) are formed by the shape of the auricle, which 
stems from a single piece of elastic cartilage. The usual 
adult non-Hispanic white ear is approximately 6.5 cm in 
length and 3.5 cm in width. The African ear is generally 
shorter and the Asian ear is generally longer. Abnormal 
protrusion occurs in about 5% of the non-Hispanic white 
population.

Surgical anatomy of the neck
The skin of the neck is relatively loose with transverse 
creases and wrinkles. Elective incisions are easily placed in 
these lines. Because of the concave shape of the neck, verti-
cal incisions have a tendency toward scar contracture with 
web formation, which may have functional as well as cos-
metic implications.

The superficial landmarks of the neck are the hyoid bone 
anteriorly and the sternocleidomastoid muscle laterally, 
which divides the neck into the anterior and posterior tri-
angles. The posterior triangle of the neck is important to 
identify because the spinal accessory nerve, which inner-
vates the trapezius muscle, emerges from the posterior 
aspect of the sternocleidomastoid there. The spinal acces-
sory nerve, which is covered only by skin and superficial 
cervical fascia, is vulnerable to injury during surgery in the 
posterior triangle. Trauma to the nerve results in loss of 
function of the trapezius muscle, with winging of the 
scapula, inability to shrug the shoulder, difficulty abducting 
the arm, and chronic shoulder pain. Unlike the distal 
aspects of the facial nerve, when this nerve is transected, 
it has no ability to regenerate. It exits behind the sterno-
cleidomastoid muscle and travels diagonally in a downward 
direction across the posterior triangle to innervate the tra-
pezius muscle. The exit of the spinal accessory nerve from 
the sternocleidomastoid muscle is known as Erb’s point 
(Fig. 1.33).

Erb’s point is located by turning the head away and 
bisecting a horizontal line connecting the angle of the jaw 
to the mastoid process with a vertical line drawn from the 
mid-point to the posterior border of the sternocleidomas-
toid muscle. If a vertical line is dropped 6 cm from the 
mid-point of this line, it will intersect the sternocleidomas-
toid muscle near to the point of emergence of the nerve.25 

Lymphatics of the head
The vessels of the lymphatic system tend to parallel the 
venous system and have valves every 2–3 mm. In general, 
the drainage is from superficial to deep, and from medial 
to lateral, and caudad in a downward diagonal direction. It 
has been estimated that between 20% and 50% of normal 
individuals have palpable benign lymph nodes in the neck. 
These lymph nodes are generally less than 1 cm in size.24

The major facial lymph node basins of the head and neck 
are in the parotid, submandibular, and submental areas. The 
major lymphatic drainage of the face consists of channels 
that run posteriorly in a downward diagonal direction. The 
scalp and posterior aspect of the ear drain to the post
auricular and occipital nodes, which then drain to the 
deeper cervical lymph nodes of the spinal accessory, trans-
verse cervical, and internal jugular nodes. Although the 
parotid nodes are identified as being both preauricular and 
infra-auricular, they are both within the gland and in the 
surrounding glandular fascia, and behave as a single unit 
serving the basin of the lateral cheek, anterior surface of 
the ear, forehead, and lateral canthal area. The submental 
nodes drain their respective side of the medial and lower 
face, the medial eyelid, the lateral aspects of the lip, the 
nose, the gingivae of the mouth, the soft palate, the anterior 
two-thirds of the tongue, and the palatine fossa. The sub-
mental glands are in the midline and have the potential to 
drain from either the right or left central facial region of 
the middle two-thirds of the lip and the chin. The submen-
tal and submandibular nodes are surrounded by glandular 
fascia.

The parotid nodes are examined with the patient seated 
and directly facing the physician, but the submental and 
submandibular nodes are best palpated with the chin drawn 
inferiorly to relax the platysma muscle overlying these 
areas. This procedure may be further enhanced by a biman-
ual examination with one finger placed in the floor of the 
mouth and the fingers of the other hand pressing upward 
against the submental and submandibular basin. The sub-
mental nodes are often palpable in healthy people.

FIGURE 1.30  The marginal mandibular nerve descends into the 
neck. The surgical instrument is placed below the nerve to 
demonstrate the location of the nerve in this cadaver dissection. 
(After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt 
KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: 
Saunders; 1996:1–4, with permission from Saunders.)
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nerves, arteries, veins, ligaments, and tendons, sit superfi-
cially below a thin layer of skin and fat and are often pal-
pable. The loose dorsal skin and fascia of the hand and foot 
become tight when in full flexion. Procedures are planned 
with this in mind, so as to avoid placing undue tension on 
wound edges that might limit range of motion and cause 
wound dehiscence and unsightly scarring.

The dorsal surface of the hand is innervated by the 
sensory branch of the radial nerve, which is vulnerable  
to injury because of its superficial location, and by the 
dorsal branch of the ulnar nerve. Palmar skin and fascia are 
thick and inelastic with flexion creases (Fig. 1.34). The 
palmar surface is innervated by the radial, median, and 
ulnar nerves.

Another way of identifying this area is to draw a horizontal 
line from the thyroid notch across the neck through  
the posterior triangle; 2 cm above and below the point 
where this line intersects the posterior margin of the ster-
nocleidomastoid muscle is the approximate site where the 
spinal accessory nerve traverses the posterior triangle of  
the neck.

Superficial anatomy of the hand and foot
Dermatologic surgery of the hand and foot is generally 
limited to surgery of the skin and subcutaneous tissue. In 
planning a procedure in these areas, every effort must be 
made to preserve function. Vital structures, including 

FIGURE 1.31  Lymphatic system of the head and neck. Dashed lines indicate the borders between the drainage areas and arrows indicate the 
direction of lymph flow. (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous 
surgery. Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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FIGURE 1.32  Topographic landmarks of the ear. 
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FIGURE 1.33  Erb’s point is located by bisecting a horizontal line 
connecting the angle of the jaw to the mastoid process with a 
vertical line drawn from the midpoint to the posterior border of the 
sternocleidomastoid muscle. Within a short distance of this point, 
the spinal accessory nerve, lesser occipital nerve, great auricular 
nerve, and transverse cervical nerves all emerge from the posterior 
border of the muscle. (After Robinson JK. Basic cutaneous surgery 
concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of 
cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from 
Saunders.)
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Structures of the female urogenital triangle
The external genitalia consist of the mons pubis, labia 
majora and minora, vestibule, and clitoris (Fig. 1.38). The 
mons pubis consists of skin and subcutaneous tissue overly-
ing the pubic symphysis. The labia majora are prominent 
longitudinal folds of skin supported by underlying fat. They 
are homologous to the male scrotum. The skin overlying 
the outer aspect is pigmented and hair-bearing. The labia 
are united anteriorly and posteriorly at the commissures. 
The labia minora, smaller folds within the pudendal cleft 
of the labia majora, surround the vaginal vestibule. Posteri-
orly, the labia minora unite as the frenulum of the labia 
(fourchette). Anteriorly, the labia split into the superior 
(lateral) and inferior (medial) portions. The superior por-
tions pass above the clitoris to form the prepuce, and the 
inferior portions pass below the clitoris, forming the frenu-
lum of the clitoris. The clitoris is the homologue of the 
male penis.

SUMMARY
As a great deal of surgery of the skin performed by derma-
tologic surgeons involves the face and neck, in-depth 
knowledge of these areas is required to optimize outcomes 
and minimize patient risks. This chapter and the accompa-
nying Expert Consult website are a source of information 
that would ideally be augmented and tested in cadaver  
dissection courses, with accurate anatomic models, and  
by observing surgical procedures with an experienced 
surgeon.

Palmar incisions parallel flexion creases or cross high-
tension crease areas at an angle of 45° or less. Incisions that 
cross creases at angles approaching a right angle produce a 
scar that may be tender and limit movement. Transverse 
dorsal incisions on the dorsum of the hand are more  
cosmetically acceptable. Curvilinear lazy “S” incisions are 
better over the dorsal surface of the digits to prevent scar 
contracture from a longitudinal incision that may impair 
joint mobility. The oblique aspect of the S curve minimizes 
the risk of injury to longitudinal structures of the digit.

On the dorsal foot, it is preferable to make longitudinal 
incisions that are perpendicular to relaxed skin tension lines 
to avoid damaging the underlying structures. The plantar 
foot skin adheres to deeper structures via many fibrous 
bands, which make for limited tissue movement during 
surgery. The anatomy of the medial aspect of the foot and 
ankle is particularly relevant for performing posterior tibial 
nerve blocks (Fig. 1.35).

Superficial anatomy of the genital area
Structures of the male urogenital triangle
The scrotum, a cutaneous sac containing the testes, has very 
thin skin. The penis consists of a root and a body. The body 
is formed by the union of the corpus cavernosa and the 
corpus spongiosum (Fig 1.36). The two corpora are bounded 
by a thick fascia called the tunica albuginea. Buck’s fascia, 
a tough fascial sheath, binds all the components. The skin 
surrounding the body of the penis is very loose and becomes 
redundant at the prepuce (foreskin), but it is particularly 
immobile over the corona and glans (Fig. 1.37).

FIGURE 1.35  Medial surface of the foot and ankle with the underlying tendons and the palpable artery. (After Robinson JK. Basic cutaneous 
surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from 
Saunders.)
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FIGURE 1.36  Comparative structures of the perineum in the female and male. (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, 
Arndt KA, LeBoit PE, Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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FIGURE 1.38  Surface anatomy of the female genitalia. (After Robinson JK. Basic cutaneous surgery concepts. In: Robinson JK, Arndt KA, LeBoit PE, 
Wintroub BU, eds. Atlas of cutaneous surgery. Philadelphia: Saunders; 1996:1–4, with permission from Saunders.)
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PITFALLS AND THEIR MANAGEMENT

•	 Facial nerve injury. When facial nerve injury is the result 
of blunt trauma, inflammation, or heat, the nerve may 
recover over a period of 2–6 months; if the loss of 
function does not risk loss of an important function, a 
period of observation is appropriate.

•	 Sectioning of the temporal branch of the facial nerve 
results in brow and lid ptosis and the inability to tightly 
close the eyes. Dissect above the SMAS at the temple. 
Botulinum toxin injections of the unaffected forehead on 
the contralateral side will result in the brows being at the 
same level. Brow-lift on the side with the brow ptosis may 
also be performed.

•	 Sectioning of the zygomatic branch causes paralysis of the 
upper lid resulting in epiphora and exposure keratitis. 
Short-term management: postoperatively, immediately 
provide a moisture chamber for the eye with lubrication. 
Long-term management: gold weight implant into the 
upper eyelid provides closure by gravity with lateral 
tarsorrhaphy; lateral canthoplasty.

•	 Sectioning of the marginal mandibular branch results in 
protrusion of the corner of the lower lid. Botulinum toxin 

injections of the unaffected side. Suspension of the lid at 
the commissure or facial nerve graft if the transection is 
distal may provide relief.

•	 Spinal accessory nerve injury. When planning surgery, 
locate Erb’s point by turning the head away and bisecting 
a horizontal line connecting the angle of the jaw to the 
mastoid process with a vertical line drawn from the 
midpoint to the posterior border of the sternocleidomastoid 
muscle. A vertical line is dropped 6 cm from the midpoint 
of this line and it will intersect the sternocleidomastoid 
muscle near to the point of emergence of the nerve.

•	 Arterial bleeding. When approaching areas where there is 
likely to be arterial bleeding, have two hemostats available 
for each artery in the field; palpate the area to feel the 
pulsation of the artery at the inferior mandibular rim and 
the temple; undermine in the plane with the least risk of 
transecting arteries; on the scalp, undermine in the 
subgaleal space, and on the forehead below the muscle 
and over the periosteum; undermine the wound edges  
to see the artery and clamp it before cutting it. Ligate 
arteries.
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2Aseptic Technique

INTRODUCTION
When it had been shown by the research of Pasteur 
that the septic property of the atmosphere depended 
not on the oxygen or any gaseous constituent but on 
minute organisms suspended in it … it occurred to 
me that decomposition in the injured part might be 
avoided … by applying some materials capable of 
destroying the life of the floating particles. The mate-
rial which I have employed is carbolic … acid
(Lister J. On the antiseptic principle in the practice 
of surgery. Lancet 1867; 2:353–356.)

Before 1860, most surgery was performed reluctantly and 
with the understanding that the operation was as likely to 
kill the patient as the disease. Regardless of the success of 
the operation, the vast majority of patients died within a 
few days from overwhelming sepsis. Although less than 150 
years ago, this was a time when the prowess of a surgeon 

was evidenced by the amount of blood encrusted on his 
coat.1 If a scalpel became dull during an operation it was 
promptly sharpened on the sole of an assistant’s shoe and 
then placed back into the wound. Lint and sawdust from 
the floor were used as hemostatics, surgical sponges were 
reused without laundering, and it was believed wound 
infections were generated spontaneously by exposure  
to air.

The modern era of surgery began in the mid-nineteenth 
century, with the development of anesthesia. Once the pain 
from surgery was conquered, surgeons were free to focus 
on technique rather than speed. Despite their best efforts, 
hospital gangrene and death remained dreaded, but fre-
quent, outcomes of most major operations. This dismal 
mortality rate remained unchanged until Pasteur intro-
duced the germ theory of disease, which would later  
form the basis of Joseph Lister’s principles of surgical 
antisepsis.

In 1867, Lister deduced that “… the essential cause of 
suppuration in wounds is decomposition, brought about by 
the influence of the atmosphere.”2 His antiseptic surgical 
technique consisted of washing the surgeon’s hands, instru-
ments, operating room environment, and surgical site with 
carbolic acid (phenol). He also devised an atomizer, which 
produced a continuous mist of carbolic acid into the air 
during surgery. Lister published an article in 1870, which 
described the influence of these measures on the deplorable 
conditions of the surgical wards at the Glasgow Royal Infir-
mary, the stench of which was notorious. After 9 months 
of strict adherence to handwashing and carbolic acid anti-
sepsis, there was not a single case of hospital gangrene, 
pyemia, or erysipelas in the entire ward.3 Unfortunately, 
these dramatic findings were met with strong opposition 
from the medical community and it took almost 10 years 
before surgeons began to adopt his recommendations.

“Listerism,” or antisepsis, markedly decreased the mor-
tality from surgery, but the atmosphere of the surgical suite 
was laden with carbolic acid, which was toxic to surgeons 
and other personnel who were chronically exposed to its 
vapors. In addition, carbolic acid was caustic when applied 
directly to open wounds. This prompted the search for 
alternative antiseptics with less morbidity, such as iodine 
and alcohol. The next step in surgical antisepsis was the 
sterilization of instruments and bandages, which became 
possible in 1886, when von Bergmann developed a super-
heated steam system similar to the modern autoclave. 

Christie R Travelute MD and Todd V Cartee MD

CHAPTER SUMMARY

•	 In surgical procedures, there are four potential sources 
of contamination: the personnel, the surgical 
environment, the patient, and the instruments, with the 
patient’s normal flora being the most common reservoir.

•	 Appropriate measures to ensure aseptic technique 
depend upon the procedure, the anatomical site of the 
surgical procedure, and the degree of contamination 
within the wound. There are basic precautions that 
should be adhered to, including:
•	 Hand antisepsis before donning surgical gloves and 

after their removal
•	 Caution with the application of alcohol-containing 

preparations because they are extremely flammable 
and should be allowed to dry completely before 
laser or electrocautery are used

•	 Surgical antiseptic agents are safe and effective for 
preoperative skin preparation in almost all situations 
with the following caveats:
•	 chlorhexidine gluconate is an irritant and should 

not be allowed to make contact with the eye or 
middle ear because permanent damage may 
occur

•	 povidone-iodine must remain in contact with the 
skin to maintain its disinfective qualities

•	 Hair removal is only indicated if the hair will 
obscure the surgical field or hinder proper surgical 
technique.
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Sterilization of the surgeon’s hands remained a challenge 
until Halsted introduced “boilable” rubber gloves in 1890. 
Mikulicz added further refinement to the aseptic technique 
when he described the benefits of wearing a gauze mask  
in 1897, and MacDonald recognized the infection risk 
posed by “theatre spectators” gathered around the operat-
ing table.1

Over the last 100 years, aseptic technique has evolved 
into a set of well-defined practices designed to reduce the 
risk for surgical site infection (SSI). Dermatologic surgeons 
perform a broad range of procedures in a variety of settings. 
Appropriate measures to ensure aseptic technique depend 
upon the invasiveness of the proposed procedure and  
the risk for infection. These measures range from the use 
of non-sterile gloves and an alcohol skin-wipe for shave 
biopsies, to full surgical dress and strict asepsis for liposuc-
tion. This chapter outlines the major components of the 
aseptic technique and their applicability to dermatologic 
surgery.

Normal flora
The human body is colonized with microorganisms that are 
collectively known as indigenous or normal flora. The 
density and composition of these microorganisms vary with 
different anatomic locations on the body, and on the skin 
are largely determined by local humidity and lipid content. 
Skin flora can be divided into two distinct populations: 
resident flora and transient flora.

Resident flora
Resident flora have stable population densities and can be 
isolated in similar numbers from most individuals. These 
symbiotic microorganisms help protect the host from infec-
tion by competing with pathogens for substrate and tissue 
receptors. Resident flora inhabit the surface of the skin, as 
well as deeper structures, such as the pilosebaceous unit. 
Deeply embedded organisms are resistant to mechanical 
removal and are beyond the reach of topical antiseptic solu-
tions. Given this inherent limitation, the goal of preopera-
tive skin cleansing is to decrease resident flora to its lowest 
possible level, with the realization that it cannot be com-
pletely eradicated.

The most common resident organisms are the coagulase-
negative staphylococci, with Staphylococcus epidermidis 
accounting for more than 90% of resident aerobes.4 Anaero-
bic diphtheroids such as Propionibacterium acnes are 
common in lipid-rich locations, such as the pilosebaceous 
unit. Gram-negative bacteria represent a small portion of 
the resident flora. They are mostly limited to the humid 
intertriginous areas with Enterobacter, Klebsiella, Esche-
richia coli, and Proteus spp. being the predominant 
organisms.5

Transient flora
Transient flora are acquired through contact with people, 
objects, or the environment. They are loosely attached to 
the surface of the skin and are amenable to removal by 

washing. The majority of postoperative wound infections 
are due to transient microorganisms that contaminate the 
wound during surgery. In most cases, the source is the 
endogenous flora of the patient’s nose, throat, or skin.6 
Exogenous sources of contaminating flora include the  
surgical personnel, the local environment (including air), 
surgical instruments, and materials brought into the sterile 
field during surgery. Based on the Centers for Disease 
Control and Prevention (CDC) data examining all types of 
SSIs, Staphylococcus aureus (S. aureus) is the most fre-
quent organism isolated, followed by coagulase-negative 
staphylococci, Enterococcus spp., E. coli, group A strepto-
cocci and Pseudomonas aeruginosa.5,7

Most pathogens are transmitted via one of four basic 
routes: contact, air-borne, vehicle, or vector. For surgical 
procedures, the contact and air-borne routes are the most 
likely means of contamination. Contact transmission may 
be indirect where organisms are transferred via fomites 
(e.g., if a suture touches contaminated skin and is then 
placed into the wound) or direct (if contaminated skin of 
the patient or surgeon touches the wound). During air-
borne transmission, microorganisms are not suspended 
freely but carried on desquamated skin cells, aerosolized 
water droplets, or dust particles.8 In this way, the gowns, 
linens, surgical tables, and operating room floors are easily 
contaminated, particularly with staphylococci and entero-
cocci, which are resistant to desiccation.

Despite the numerous potential causative agents of SSIs 
enumerated above, the predominant pathogen responsible 
for infection in clean skin surgery is S. aureus and its source 
is most frequently the patient’s anterior nares. Of the US 
population, 31.6% are nasal carriers of S. aureus at any 
given time,9 and nasal carriers have a 3–9.6-fold increased 
risk of SSIs.10,11 Furthermore, among patients who develop 
staphylococcal SSIs and are also nasal carriers, 85% of 
isolates are genetically identical between the two sites, 
confirming the endogenous nature of the SSI.12

Surgical site infection
The CDC defines SSI as any surgical wound that produces 
pus (suppurates) within 30 days of the procedure, even in 
the absence of a positive culture.13 An exception to this rule 
would be a suture abscess, which may suppurate but which 
resolves with the removal of the suture and is not consid-
ered to be a wound infection. Inflammation is frequently 
associated with wound infection but, in the absence of sup-
puration, is not sufficient to classify the wound as infected. 
A positive culture does not necessarily confirm a wound 
infection, because chronic wounds may be colonized but 
not infected. In this case, it is the quantity of bacteria per 
gram of tissue (usually >105) that determines whether 
infection is present.

Categories of risk
The risk for developing an SSI can be categorized by the 
degree of contamination within the wound.14 Wounds are 
defined as clean if they are elective incisions carried out on 
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