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INTRODUCTION

The skin is a complex organ that is essential for all forms 
of mammalian life. It may be viewed as a double-layered 
sheath, cushioned by the underlying subcutaneous adi-
pose tissue, that covers the entire surface of the body. 
The outer layer of skin, known as the epidermis, is sepa-
rated from the inner layer, or dermis, by the basement 
membrane zone. The dermis is attached to the subcu-
taneous adipose tissue and underlying musculature by 
fibrous insertions. On the scalp, the skin overlies a dense 
connective tissue layer composed of fibrous and adipose 
tissue, followed by the galea aponeurotica, loose areolar 
tissue, and pericranium. Important structures, includ-
ing hair follicles, sebaceous glands, sweat glands, nerves, 
blood vessels, and immunologic cells, are present in the 
skin (Fig. 1.1). As an organ, the skin has many important 
physiologic and immunologic properties: it provides a 
barrier to the environment, regulates body temperature, 
and serves as an important component of the immune 
system.

A complete understanding of anatomy is the corner-
stone of surgery. Moreover, an awareness of cutaneous 
anatomy is essential for a full appreciation of the human 
body’s functional, social, and aesthetic relationship with 
its environment. The purpose of this chapter is to provide 
a basic knowledge of the normal anatomy of the skin.

GENERAL CHARACTERISTICS

Skin is highly variable from one person to another and, 
within the same individual, from one anatomic region 
to another, with differences to be observed in color, tex-
ture, thickness, and content of hair follicles and sebaceous 
glands. Skin may be divided into smooth, non–hair-bearing 
(glabrous) and hair-bearing (nonglabrous) areas, although 
it is virtually always hair-bearing.

Considerable variation in skin thickness and content 
of appendages and elastic fibers exists with respect to ana-
tomic region, age, and sex. An appreciation of these vari-
ations is clinically important for understanding wound 
healing and aesthetics. These variations play an integral 
role in the definition of facial aesthetic regions, boundar-
ies, and junctions. The surgeon must apply knowledge of 
these factors to the task of determining the best recon-
structive option during flap or graft surgery. Careful 
examination of the skin is essential for making the best 
tissue match for aesthetic reconstruction. Discrepancies 

in the thickness of skin edges should be observed before 
wound closure for exact reapproximation of the edges. 
The best donor site for a full-thickness skin graft is deter-
mined by an examination of all potential donor sites with 
respect to skin thickness, color, texture, and content of 
hair follicles and sebaceous glands. Careful examination 
of the skin before surgery may uncover several clues that 
could influence the outcome. Individuals with fair skin, 
light hair, and blue eyes may develop postoperative scars 
that remain pink for an extended period. People with 
dark skin, hair, and eyes may develop scars that remain 
pigmented for a prolonged period after surgery. An 
assessment of previous scars and keloids should be made. 
Individuals with hyperelastic skin features are character-
ized by hyperextensibility of the joints (elbows, wrists, 
and knees), anterior hooding of the navel, and lax skin 
(Figs. 1.2 to 1.4). These individuals are at a higher risk 
for the development of wide scars, permanent railroad 
tracking suture marks, hypertrophic scars, and prolonged 
erythema of scars lasting up to 1 year, eventually resulting 
in a porcelain-colored white scar. Although it is also pres-
ent in Ehlers-Danlos syndrome, hyperelastic skin is most 
often simply a relatively common normal variant within 
the population.

Patients with common skin conditions, such as atopic 
dermatitis, psoriasis, and unusually dry skin, may have 
high counts of staphylococcal organisms on their skin and 
thereby increased risk for wound infections. In essence, 
basic knowledge of skin anatomy is something that is 
applied daily in reconstructive surgery.

EPIDERMIS

The epidermis, the outermost layer of the skin, is a con-
tinually renewing, keratinizing, stratified, squamous 
epithelium. All epidermal appendages, including hair fol-
licles, sebaceous glands, and eccrine and apocrine sweat 
glands, derive from this layer. The epidermis consists 
of four distinct cell types: keratinocytes, melanocytes, 
Langerhans cells, and Merkel cells. The predominant cell 
type is the keratinocyte, which constitutes at least 80% 
of epidermal cells. Four clearly defined layers are identi-
fied in the epidermis (Fig. 1.5): the basal layer (stratum 
germinativum), the spinous layer (stratum spinosum), the 
granular layer (stratum granulosum), and the cornified 
layer (stratum corneum). The basal layer is the deepest 
layer in the epidermis. It is composed of a single germi-
native layer of columnar-shaped keratinocytes that attach 
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to the basement membrane zone and give rise to the 
more superficial epidermal layers. The next layer, the spi-
nous layer, is several cells thick and composed of polyg-
onal cells with abundant eosinophilic cytoplasm. Small 
spiny desmosomal attachments between the spinous cells  
are evident under light microscopy. As the spinous cells 
migrate superficially and differentiate into granular  
cells, they become larger and flatter. The granular layer, 
usually one to four cells thick, is composed of cells with 
deeply basophilic keratohyalin granules. Further matura-
tion occurs in the outermost stratum corneum, which is 
highly variable in thickness. In this layer, keratinocytes 
lose their nuclei and flatten to form plates of keratin, 
which are shed as “dead skin.” The stratum corneum is 
thickest on the palms and soles and thinnest on the eye-
lids and genitalia. Total epidermal turnover time from 
the basal layer to the stratum corneum is approximately  
30 days. The thickness of the epidermis is generally about 
0.075 to 0.15 mm.

Melanocytes
Melanocytes are dendritic, pigment-synthesizing cells of 
neural crest origin with clear cytoplasm confined to the 
basal layer. The ratio of melanocytes to basal cells ranges 
from 1:4 on the cheek to 1:10 on the limbs. The func-
tion of melanocytes is to produce protective melanin pig-
ment. Melanin is packaged in the form of melanosomes, 
which are transported through stellate dendritic projec-
tions to a group of adjacent keratinocytes in the basal and 
spinous layers (epidermal melanin unit). The keratino-
cytes engulf the melanosomes and arrange the pigment 
in an umbrella-like distribution over the nuclei, protect-
ing them from potentially harmful ultraviolet irradiation 
(Fig. 1.6). This partly explains why people with less skin 
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FIG. 1.1  Schematic vertical cross section of skin.

FIG. 1.2  Hyperextensibility of the elbow in a healthy, 28-year-
old woman with hyperelastic skin features.

FIG. 1.3  Hyperextensibility of the wrist in a healthy, 36-year-old 
woman with hyperelastic skin features.
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pigmentation are at greater risk for developing cutaneous 
malignant neoplasms, such as basal cell carcinoma, squa-
mous cell carcinoma, and melanoma.1,2 The number of 
melanocytes does not differ between races; however, the 
number and size of melanosomes is greater in individu-
als with more skin pigmentation. In vitiligo, melanocytes 
are completely absent. In albinism, melanocytes are pres-
ent but lack the enzyme tyrosinase. Without tyrosinase, 
tyrosine cannot be transformed into melanin. Tyrosinase 
activity and melanocyte density decrease with age.3

Langerhans Cells
Langerhans cells are bone marrow–derived, antigen-
processing, and antigen-presenting cells found mainly in 

the suprabasal epidermal layers. They are, however, not 
unique to the epidermis and are found in other squamous 
epithelia and in the normal dermis. In routine histologic 
preparations, Langerhans cells are pale-staining cells that 
are difficult to identify and more readily demonstrated 
with special stains or immunohistochemistry. Like mela-
nocytes, Langerhans cells are characterized by dendritic 
processes. The cytoplasm, as seen by electron microscopy, 
contains small racket-shaped structures known as Birbeck 
or Langerhans cell granules. Langerhans cells are respon-
sible for recognizing and presenting antigens to lympho-
cytes in the skin and lymph nodes and are implicated in 
the pathologic mechanism underlying allergic contact 
dermatitis and skin allograft reactions. The number of 
Langerhans cells decreases after ultraviolet irradiation. 
This results in a diminished capacity for immune surveil-
lance, which may play a role in cutaneous carcinogenesis. 
The number of Langerhans cells also decreases with age.4

Merkel Cells
Merkel cells are neuroendocrine cells of epidermal 
origin that function as slow-adapting mechanorecep-
tors primarily concerned with touch sensation.5,6 They 
are predominantly found among basal keratinocytes in 
areas of high tactile sensitivity, such as the lips, digits, 
oral cavity, and hair follicles. At these sites, Merkel cells 
often aggregate in specialized structures, called tactile 
disks or touch domes, in close association with peripheral 
nerve endings to form the Merkel cell–neurite complex. 
Merkel cells, like Langerhans cells, are difficult to iden-
tify in light microscopy without the use of immunohis-
tochemical markers. Ultrastructurally, Merkel cells are 
characterized by membrane-bound, dense-core granules. 

FIG. 1.4  Anterior hooding of the navel in a healthy, 30-year-old 
woman with hyperelastic skin features.
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FIG. 1.6  Melanocytes in basal layer (arrows) project stellate, 
dendritic processes to surrounding keratinocytes in basal and 
spinous layers (epidermal melanin unit). Note the umbrella-like 
distribution of melanin pigment over keratinocyte nuclei.
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These granules are similar to the neurosecretory gran-
ules found in neurons and contain neurotransmitter-like 
substances and markers of neuroendocrine cells. Merkel 
cell carcinoma (MCC), or cutaneous neuroendocrine car-
cinoma, is often associated with Merkel cell polyomavi-
rus (MCPyV) and may arise from dermal fibroblasts in 
MCPyV-positive MCC versus epidermal keratinocytes in 
MCPyV-negative MCC.7

DERMAL-EPIDERMAL JUNCTION

The epidermis is attached to the dermis by a basement 
membrane zone known as the dermal-epidermal junction 
(Fig. 1.7).8 By light microscopy, the dermal-epidermal 
junction is identified as a thin pink band that stains positive 
with periodic acid–Schiff stain. This complex zone provides 
mechanical support to the epidermis and acts as a semiper-
meable barrier to chemicals and other substances. Keratin 
filaments within the basal keratinocyte condense and attach 
to an electron-dense plaque at the inferior aspect of the cell 
membrane, known as the hemidesmosome. The hemides-
mosomes are firmly anchored to the underlying lamina 
densa through connecting anchoring filaments in the 
lamina lucida. The lamina densa is attached to anchoring 
plaques in the underlying dermis by anchoring fibrils and 
elastic fibers. Anchoring fibrils, mainly composed of type 
VII collagen, are degraded by collagenases and are absent 
in new scars. The importance of the dermal-epidermal  
junction can be surmised from a variety of inherited and 
acquired diseases of the skin in which different compo-
nents are absent, altered, or destroyed, resulting in dermal-
epidermal separation, such as in epidermolysis bullosa.9

Hair Follicle
The hair follicle is the main component of a structure 
known as the pilosebaceous unit, which also includes the 
hair shaft, sebaceous gland, arrector pili muscle, and sen-
sory end organ (Fig. 1.8). The pilosebaceous unit has 
motor and sensory functions and is responsible for the 
production of hair and sebum. On the scalp, the follicular 
component is predominant, resulting in thick, dense ter-
minal hair. Fine, thin vellus hair is found on the temples 
and forehead. On the nasal tip, the sebaceous component 

predominates, and the total structure is sometimes 
termed the sebaceous follicle. The complete pilosebaceous 
unit is absent on the palms, soles, and mucous mem-
branes. Re-epithelialization of partial-thickness wounds 
occurs not only from the wound edges but also from the 
pilosebaceous units and eccrine glands.10

Longitudinally, the hair follicle is divided into three 
regions (see Fig. 1.8). The uppermost portion, the infun-
dibulum, extends from the skin surface to the opening of 
the sebaceous duct into the follicle. The segment between 
the follicular opening of the sebaceous duct and the bulge 
is known as the isthmus. The inferior portion lies below 
the area of the bulge and includes the lowermost part 
of the follicle and the hair bulb. The bulge is a region 
enriched with follicular epithelial stem cells and the inser-
tion site of the arrector pili muscle. This muscle inserts 
into the perifollicular connective tissue sheath around the 
bulge and extends obliquely and upward into the papillary 
dermis. Contraction of the arrector pili muscle, inner-
vated by sympathetic nerve fibers, makes the hair “stand 
up” (goose bumps) as it is pulled from an oblique to a 
vertical position, providing a greater thermal barrier to 
the skin. Sensory nerves are located around the isthmus 
and inferior portion of the hair follicle. These nerves are 
stimulated as a touch receptor when the hairs are touched.

The internal organization of the hair follicle is best 
conceptualized as a series of distinct concentric lay-
ers (Fig. 1.9). The most peripheral layer, the outer root 
sheath, is contiguous with the epidermis and is lined by 
the dermal-epidermal junction. In the infundibulum, the 
outer root sheath consists of all layers of the epidermis. 
Distal to the follicular opening of the sebaceous duct, 
the outer root sheath consists of a markedly vacuolated 
spinous layer because of the presence of glycogen. Next 
is the inner root sheath, which consists of three dis-
tinct layers: Henley’s layer, Huxley’s layer, and a cuticle. 
Innermost is the hair shaft, which also has three layers: its 
cuticle, the cortex that forms the bulk of the hair shaft, 
and the variable central medulla. The medulla is absent 
in lanugo and vellus hairs. The inner root sheath and hair 
shaft are derived from a proliferation of germinative cells, 
known as the matrix, at the base of the hair follicle. The 
distal hair bulb forms an invagination around the fol-
licular papilla, which is richly vascularized and contains 
abundant nerve endings.
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Hair follicles undergo cycles of growth, involution, 
and rest (Fig. 1.10). During the growing phase, or ana-
gen, matrix keratinocytes in the bulb proliferate rapidly 
and produce the growing hair. During the involutional 
phase, or catagen, the matrix cells abruptly cease prolif-
erating, and the lower portion of the hair follicle invo-
lutes. In telogen, the resting phase, the inferior portion 
of the follicle is lost, and the follicular papilla comes to 
rest at the height of the bulge. The club-shaped telogen 
hair is typically shed from the follicle during telogen or 
the subsequent anagen. Human hair growth is cyclic, but 
because each follicle functions independently, humans 
do not shed hair synchronously. On the human scalp, 
approximately 85% of hairs are in anagen, and the aver-
age length of the growing phase is 3 to 4 years. The num-
ber of hair follicles on the scalp is approximately 100,000 

in people with brown or black hair, about 10% greater in 
blondes, and 10% less in redheads.

The follicular epithelium in the dermis provides an addi-
tional source of germinative cells for re-epithelialization 
of partial-thickness wounds. The follicular dermal exten-
sion of the epidermis also allows epidermal diseases, such 
as Bowen’s disease (squamous cell carcinoma in situ), to 
extend into the dermis. This may result in a higher recur-
rence rate if superficial treatment methods (such as electro-
desiccation and curettage or CO2 laser) do not destroy the 
follicular downward extension of the disease process.

Sebaceous Glands
Sebaceous glands are unilobular or multilobular struc-
tures that connect to the hair follicle by a squamous 
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epithelial duct. Each lobule consists of a peripheral 
cuboidal or flattened germinative cell layer. These cells 
give rise to a central, lipid-laden, vacuolated cell popu-
lation with characteristic clear to foamy cytoplasm. The 
glands secrete sebum through the sebaceous duct into the 
follicle and onto the surface of the skin. Sebum, a com-
plex lipid mixture, acts as an emollient to the hair and skin 
and may have a protective function.

Sebaceous glands enlarge and become functionally 
active during puberty. They are found everywhere on the 
body, except the palms and soles, and are most abundant 
on the face and scalp. Sebum secretion is largely controlled 
by androgens and is associated with acne. Sebaceous 
glands may enlarge considerably in middle-aged and 
elderly persons, resulting in benign yellow papular lesions 
known as sebaceous hyperplasia. In certain locations, seba-
ceous glands arise independently and are not associated 
with a hair follicle, such as the vermilion border of the lip 
(Fordyce spots) or the eyelids (meibomian glands).

Eccrine Sweat Glands
Eccrine sweat glands are found everywhere on the skin, 
except the mucous membranes, and are most abundant 

on the palms, soles, axillae, and forehead. The eccrine 
sweat unit is composed of two segments, a coiled secre-
tory gland and a duct. The secretory gland is located in 
the deep reticular dermis or the junction between the 
dermis and subcutaneous adipose tissue. The glandular 
lumen is lined by an inner layer of secretory cells and an 
outer layer of contractile myoepithelial cells. The der-
mal duct ascends upward to the coiled intraepidermal 
duct (acrosyringium), which opens directly to the skin 
surface. The eccrine sweat gland is innervated by cho-
linergic nerve fibers, which are stimulated by thermal, 
mental, and gustatory stimuli. A person can perspire as 
much as several liters per hour and 10 liters per day. The 
duct modifies the composition of sweat, which consists 
of water, sodium, chloride, potassium, urea, and lactate.

Apocrine Sweat Glands
Apocrine sweat glands are generally confined to the axil-
lae, areolae, perineum, eyelids (Moll’s glands), and external 
auditory canal (ceruminous glands). They do not become 
functional until just before puberty. Apocrine sweat 
glands respond to emotive stimuli by adrenergic innerva-
tion. They produce an odorless secretion, which requires 
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bacterial action for odor production. Various functions 
including odiferous roles as sexual attractants and territo-
rial markers have been attributed to apocrine glands.

The apocrine sweat unit consists of a secretory gland 
and a duct. The secretory gland is larger than its eccrine 
counterpart and lies in the deep reticular dermis or sub-
cutaneous adipose tissue. It consists of an outer layer 
of myoepithelial cells and an inner layer of columnar 
or cuboidal eosinophilic cells. The inner layer of cells 
appears to secrete droplets into the lumen by decapita-
tion secretion, which can be seen by light microscopy. 
The apocrine duct ascends upward through the dermis 
and connects to the infundibulum of the hair follicle 
superior to the sebaceous duct.

DERMIS

The dermis is an integrated connective tissue system 
between the epidermis and the subcutaneous adipose tis-
sue that makes up the bulk of the skin. It accommodates 
nerve and vascular networks, epidermal appendages, 
fibroblasts, macrophages, mast cells, and other blood-
borne cells. The extracellular dermal matrix is composed 
primarily of collagen, with lesser amounts of elastin, and 
filamentous and amorphous molecules known as ground 
substance. The dermis provides the skin its pliability, elas-
ticity, and tensile strength. It is divided into the relatively 
thin, superficial papillary dermis and the deeper, thicker 

reticular dermis. There is great regional variation in 
thickness of the dermis, ranging from less than 1 mm on 
the eyelid to 1.5 mm on the temple, 2.5 mm on the scalp, 
and more than 4 mm on the back. The dermis is thin 
at birth, increases in thickness until the fourth or fifth 
decade, and then decreases.

Collagen
Collagen is the principal component of the dermis and 
accounts for approximately 75% of the dry weight of 
skin. Collagen fibers are synthesized by fibroblasts and 
provide both tensile strength and elasticity to the skin. 
Approximately 85% of dermal collagen is type I collagen, 
which is found predominantly as thick broad bands in the 
reticular dermis. Type III collagen constitutes roughly 10% 
of dermal collagen and forms the fine collagen fibers located 
primarily in the papillary dermis. Collagen types IV and VII 
are located mainly in the basement membrane zone.11

Collagen fibers are continuously being degraded by 
proteolytic enzymes called matrix metalloproteinases, such 
as collagenase, and replaced by newly synthesized fibers. 
Ultraviolet irradiation induces matrix metalloproteinases 
in the epidermis and dermis, leading to dermal collagen 
degradation. This is manifested histologically as the dis-
organization of collagen fibrils and clinically as skin wrin-
kling in photoaging. Topical tretinoin, or retinoic acid, 
inhibits the induction of matrix metalloproteinases and 
improves the appearance of photoaged skin by reducing 
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fine lines and wrinkles.12,13 It is believed that matrix metal-
loproteinases are induced by CO2 laser treatment to 
degrade photodamaged collagen. This degradation is fol-
lowed by the formation and deposition of new collagen.14

Elastin
Elastic fibers in the dermis return the skin to its normal 
configuration after being stretched or deformed. The 
normal fibers are not readily seen on routine histology 
without the aid of special elastic tissue stains. Elastic fibers 
in the dermis are synthesized primarily by fibroblasts. In 
the papillary dermis, the fibers are thin and run perpen-
dicular to the skin surface, whereas those in the reticular 
dermis are thicker and run parallel to the skin surface. 
Like collagen, elastic tissue is in a continuous state of 
synthesis and degradation by matrix metalloproteinases 
such as elastase. Elastic tissue is composed of a protein 
elastin and a microfibrillar matrix that contains fibrillin, 
a glycoprotein, and other components. The amino acids 
desmosine and isodesmosine are unique to elastin.15

Extracellular Matrix
The extracellular matrix (ECM), or ground substance, 
surrounds and embeds the fibrous components of the 

dermis. It consists predominantly of proteoglycans (such 
as chondroitin sulfate and dermatan sulfate), glycosami-
noglycans (such as hyaluronic acid), and filamentous gly-
coproteins (such as fibronectin). In the dermis, the ECM 
is primarily synthesized by fibroblasts and appears as 
fine mucinous stroma on routine histologic stains. The 
ECM plays a role in skin hydration and helps preserve 
the tensile elasticity of compressed skin by redistribut-
ing the pressure forces. Relative dehydration of the skin 
because of displacement of fluids and the ECM is partly 
responsible for the phenomenon termed mechanical creep, 
or elongation of the skin beyond its intrinsic extensibil-
ity.16 Mechanical creep plays a role in the physiologic fac-
tors of immediate intraoperative tissue expansion.17

Cellular Component
Fibroblasts constitute the main cellular component of the 
dermis and synthesize collagen, elastin, and ECM. They 
are abundant in the papillary dermis and scant in the retic-
ular dermis. The function of this metabolically dynamic 
cell is to provide a structural extracellular matrix frame-
work and to promote interaction between epidermis and 
dermis. Fibroblasts play a major role in wound healing and 
behave like a contractile cell during wound contraction. 
The number of fibroblasts in the skin decreases with age.
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Monocytes, macrophages, and dermal dendrocytes 
constitute the phagocytic cells in the dermis. Mast cells 
are specialized secretory cells present in greatest density 
in the papillary dermis; near the basement membrane 
zone; and around epidermal appendages, blood vessels, 
and nerves. Mast cells are the primary effector cells in 
the onset of an allergic reaction and may be important in 
initiating the repair of damaged skin.18

Vasculature
Soft tissue surgery on the head and neck usually heals 
particularly well because of a rich vascular supply. Most 
of the blood flow in the skin is directed toward the more 
metabolically active components, namely, the epidermis, 
the follicular papillae, and the epidermal appendages. 
Two vascular plexuses connected by communicating ves-
sels are present in the dermis (Fig. 1.11).19 At the junction 
of the dermis and subcutaneous adipose tissue lies the 

deep vascular plexus, which receives its vascular supply 
from musculocutaneous arteries perforating the subcuta-
neous adipose tissue. Arterioles from the deep vascular 
plexus supply the epidermal appendages and the super-
ficial vascular plexus. The superficial vascular plexus lies 
in the superficial aspect of the reticular dermis and gives 
rise to a rich capillary loop system in the papillary der-
mis. This capillary loop system abuts the epidermis and 
provides it with nutrients by diffusion. The dermis also 
contains a lymphatic system that resembles the vascular 
plexuses.

Nerve Supply
A rich cutaneous nerve supply consisting of free nerve 
endings and specialized corpuscular receptors permits 
the body to accurately interpret the continuous bombard-
ment of stimuli received from the external environment  
(Fig. 1.12).20 Temperatures, pain, and itch are transmitted 
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12 SECTION I FUNDAMENTALS

by both myelinated and nonmyelinated free nerve endings, 
which are particularly common in the papillary dermis 
just beneath the epidermis. Specialized receptors include 
Meissner’s and Pacinian corpuscles. Meissner’s corpuscles 
mediate fine touch sensation and are predominantly found 
in the papillary dermis of the hands, feet, lips, and fore-
arms. Pacinian corpuscles are involved in the apprecia-
tion of deep pressure and vibration. They are primarily 
found in the deep dermis and subcutaneous adipose tissue 
of the palms, soles, dorsal surfaces of digits, and genitalia. 
Efferent nerves in the dermis innervate blood vessels and 
appendageal structures and regulate their function.

SUMMARY

A basic knowledge of skin anatomy is required to fully 
understand skin tissue match, tissue stretch, skin thick-
ness and elasticity, wound contraction, tumor cell deri-
vation, and other concepts used on a daily basis by 
surgeons who perform skin cancer removal and recon-
structive surgery.

The reference list can be found on the companion 
Expert Consult website at http://www.expertconsult.
inkling.com.

http://www.expertconsult.inkling.com
http://www.expertconsult.inkling.com
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