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Skin is a complex organ covering the entire
surface of the body. It provides a protective
physical barrier between the body and the environ-
ment, preventing losses of water and electrolytes,
reducing penetration by chemicals, and protecting
against pathogenic microorganisms. The skin is
important in regulation of body temperature and
provides immunologic surveillance. It contains
sensory and autonomic nerves and sensory recep-
tors, which detect incoming stimuli of touch, vibra-
tion, pressure, temperature, pain, and itching.

Skin is an important component of outward
beauty and is the focus of various cutaneous
surgical and nonsurgical procedures. Skin changes
associated with chronologic aging or photoaging,
such as wrinkling, laxity, and changes in pigmenta-
tion, prompt patients to seek cosmetic procedures
to improve the appearance of their skin. This article
reviews skin histology and physiology as well as
changes associated with cutaneous aging.

NORMAL SKIN ARCHITECTURE

Skin is organized into 3 layers: the epidermis, the
dermis, and the hypodermis (Fig. 1). The fine
structure of the skin shows considerable regional
variations in epidermal and dermal thickness,
distribution of epidermal appendages, and mela-
nocyte content. Skin is glabrous or non–hair-
bearing on the palms and soles, whereas
hair-bearing skin covers the rest of the body.

Embryologically, the epidermis and its append-
ages develop from the surface ectoderm, and
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the dermis and hypodermis arise from mesoderm.
During the fourth week of embryonic development,
a single layer of ectoderm surrounds the embryo.
This simple epithelium overlies a loosely organized
layer of undifferentiated mesoderm known as
mesenchyme. At about 6 weeks, the ectoderm
and the underlying mesoderm begin to proliferate
and differentiate. Hair follicles, nails, and glands
begin to develop in the third month. By the end
of the third month, regular bundles of collagen
appear in the dermis. The embryonic connective
tissue below the dermis develops into the subcu-
taneous layer of loose connective tissue charac-
terized by fat islands.1

The Epidermis

The normal epidermis is a stratified squamous
epithelium undergoing continuous renewal. The
major cell in the epidermis is the ectodermally
derived keratinocyte, making up approximately
95% of the epidermal cells. As the keratinocyte
progressively moves from its attachment to the
basement membrane to the skin surface, it forms
several morphologically distinct epidermal layers:
stratum basale or stratum germinativum, stratum
spinosum, stratum granulosum, and stratum cor-
neum (Fig. 2). On the palms and soles, an addi-
tional layer, stratum lucidum, can be identified
between the stratum corneum and stratum granu-
losum. Other cell types found in the epidermis
include melanocytes, Langerhans cells, and
Merkel cells.
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Fig. 1. The 3 layers of the skin: epidermis, dermis, and
hypodermis. (Courtesy ofA.D.A.M. Education, Atlanta,
GA. Copyright � 2011 A.D.A.M., Inc.)
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The basal layer is composed of a single layer of
cuboidal cells, which rest on the basement
membrane. Melanocytes can be seen between
the basal cells of the epidermis. The basal cells
divide, giving rise to the next layer: the prickle
cell layer or stratum spinosum. This layer is usually
3 to 4 cells thick and is composed of polygonal
cells with preformed keratin.2 The desmosomal
attachments between the cells appear as small
spines, giving rise to the name stratum spinosum.
The stratum spinosum is succeeded by stratum
granulosum, which is usually 1 to 4 cells thick
and derives its name from cytoplasmic keratohya-
lin granules. The outermost layer of the epidermis
is stratum corneum composed of flattened kerati-
nocytes that have lost their nuclei and cytoplasmic
organelles.1 These keratinocytes are shed in the
process of epidermal turnover.
Melanocytes are derived from neural crest

cells and migrate into the epidermis where they
produce melanin. They are distributed among the
basal keratinocytes with the ratio of 1 melanocyte
to 4 to 10 basal cells. This ratio varies with
anatomic location, with maximal density of
Fig. 2. Layers of the epidermis (hematoxylin-eosin,
magnification �40).
melanocytes on genital skin. Melanin is produced
from tyrosine by the enzymatic activity of tyrosine
kinase and is stored in melanosomes. Melano-
somes are transported along the dendritic
processes of melanocytes to adjacent keratino-
cytes, where they form an umbrella-like cap over
the nucleus, protecting it from the injurious effects
of UV light.3 The ethnic variations in pigmentation
are attributable to the different activity of melano-
cytes, not the difference in number of melano-
cytes. With age, melanocyte density decreases
by 6% to 8% per decade, with higher density of
melanocytes in sun-exposed skin than in non-
exposed skin at all ages. This explains the gener-
alized increase in pigmentation and simultaneous
decrease in melanocyte density that often accom-
pany aging.4

Langerhans cells are antigen-presenting cells
derived from bone marrow. They make up 3% to
6% of all cells in the epidermis3 and are found
mainly within the spinous layer. The dendritic
processes of Langerhans cells uptake antigens
deposited on the skin, process them, and present
them to T lymphocytes for activation of the
immune response. The number of Langerhans
cells increases during allergic reactions, such as
contact hypersensitivity. With aging and chronic
sun exposure, the number of Langerhans cells
decreases, which may play a permissive role in
the development of cutaneous carcinoma in indi-
viduals who are elderly with sun-damaged skin.5

Merkel cells are found in the basal layer of the
epidermis and in the epithelial sheath of hair folli-
cles. Merkel cells migrate from neural crest to the
skin and have similar chemical and structural
properties to an amine precursor uptake decar-
boxylation (APUD) cell.6 Merkel cells are associ-
ated with sensory nerve endings in the skin and
may function as mechanoreceptors.4
Epidermal appendages
Epidermal appendages are specialized epithelial
structures located mainly in the dermis and hypo-
dermis, but connected to the epidermis. They
include pilosebaceous follicles, sweat glands,
and apocrine glands. They play an important role
in the epithelialization phase of wound healing.

Pilosebaceous unit The pilosebaceous unit con-
sists of hair, hair follicle, sebaceous gland, and
arrector pili muscle (Fig. 3). It is distributed
throughout the integument, absent only in palms
and soles and portions of the genitalia.
The hair follicle is composed of several

segments: infundibulum, isthmus, lower follicle,
and hair bulb. The topmost portion is the infundib-
ulum, extending down from the skin to the opening



Fig. 3. Pilosebaceous unit.
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of the sebaceous duct into the hair follicle. The
isthmus extends from the infundibulum to the
bulge, the site of insertion of the arrector pili muscle
into the follicle. The bulge contains stemcells of the
hair follicle. Contraction of the arrector pili muscle
causes the hair to be pulled from an oblique to
a more vertical orientation in response to stimuli
from the sympathetic nervous system. Clinically,
contraction of the arrector pili muscle results in
slight elevations of the skin or goose bumps. The
lower follicle extends down to the top of the hair
bulb and the hair bulb is the terminal portion of
the hair follicle,which envelops the follicular papilla.

The papilla is a dermal structure containing
a richly vascularized and innervated connective
tissue and fibroblasts, important for hair growth.3

The hair bulb contains the matrix cells that give
rise to the hair and melanocytes responsible
for hair pigmentation. Permanent hair removal
requires damage to follicular stem cells in the
bulge region of the hair follicle.

Hair growth exhibits a cyclical pattern. Anagen
is the growth phase in which cells of the hair matrix
are dividing rapidly. Catagen is the involutional
phase in which cell division ceases, hair matrix
regresses, papilla retracts to the level of the inser-
tion of the arrector pili muscle, and capillary nour-
ishment diminishes. During the resting phase,
known as telogen, the follicle detaches from the
papilla and contracts, eventually falling out. At
any given time in one anatomical location, follicles
are present in different phases of the cycle. Hairs
in the anagen phase are susceptible to destruction
by laser; therefore, repeated hair removal treat-
ments are necessary to address new follicles
coming into the anagen phase.

With aging, the rate of hair growth declines and
hair diminishes in thickness. Gray hair appears as
the result of decreased melanin production within
the hair matrix.

Sebaceous glands empty into the hair follicle. In
some areas, sebaceous glands are not associated
with a hair follicle and open directly onto the skin’s
surface. These areas include the eyelids, areolae
of the nipples, and vermilion border of the lips.
Sebaceous glands are present in most areas of
the body with the exception of palms and soles,
with highest density of sebaceous glands found
on the face. They consist of an outer layer of basal
cells and several layers of lipid-laden sebocytes.
Sebocytes disintegrate toward the center of the
gland, thus forming sebum, which empties into
the hair follicle via a short duct. Sebum provides
emollients for the hair and skin. The secretions of
the sebaceous glands are under the influence of
androgen hormones. The gland activity increases
shortly after birth and subsides in the first few
postnatal months. At puberty, there is a new rise
in sebaceous gland activity associated with
increased androgen output. Increased sebum
production is a major factor in the pathophysiology
of acne vulgaris.7 Sebum secretion declines with
age by about 23% per decade in men and 32%
per decade in women.8 The size of the sebaceous
glands increases with age, despite decrease in
sebum production.9 This can result in large pores,
as seen with age.

Sweat glands The eccrine glands are the main
sweat glands in humans and play a vital role in
the process of thermoregulation. They are found
almost everywhere on the skin except the vermil-
lion border of the lips and nail beds and have
maximum density over palms, soles, axillae, and
forehead.3 With aging, the number and function
of eccrine sweat glands decrease.

Each eccrine gland is composed of 3 parts: the
secretory coiled gland, the dermal duct, and the
intraepidermal spiral duct known as acrosyrin-
gium. The secretory gland is situated in the deep
dermis or at the dermal-hypodermal junction. It is
composed of secretory clear and dark cells sur-
rounded by contractile myoepithelial cells. Clear
cells produce sweat in response to cholinergic
stimulation. Their secretions are discharged into
the lumen of the gland through intercellular canal-
iculi. The excretory duct ascends through the
dermis in a vertical fashion and spirals through
the epidermis, opening directly onto the skin’s
surface.

Apocrine glands form as outgrowths of the pilo-
sebaceous units. Unlike eccrine glands, they are
present primarily in the axillae and in the anogeni-
tal region. Apocrine glands are also found in other
areas of the body, such as the external auditory
canal, eyelid, and breast. The apocrine gland
consists of a coiled gland located in the subcuta-
neous fat, and a straight duct that ascends
through the dermis and empties into the infundib-
ulum of the hair follicle. The coiled gland consists
of one layer of secretory cells around a large
lumen, surrounded by myoepithelial cells.



Fig. 4. Subdermal vascular plexus.
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Apocrine glands produce secretions by decapita-
tion, a process where the apical portion of the
secretory cell’s cytoplasm pinches off and enters
the lumen of the gland. Apocrine sweat is odorless
initially and develops an odor when it comes in
contact with bacterial flora on the surface of the
skin.

The dermal-epidermal junction
The dermal-epidermal junction is a basement
membrane synthesized by basal keratinocytes
and dermal fibroblasts. It functions as a mechan-
ical support for adhesion of dermis to the
epidermis and as a barrier to chemicals and cells.
The structure of the dermal-epidermal junction is
complex, consisting of 4 distinct layers seen on
electron microscopy.3 The top layer contains the
cell membrane of basal keratinocytes and their
hemidesmosomes. Cytoskeletal filaments course
through the basal cells and insert into the hemi-
desmosomes. The next layer is lamina lucida,
which is traversed by anchoring filaments, and
rests on top of lamina densa. The sub-basal lamina
layer is a filamentous zone mainly made up of
anchoring fibrils, which serve to anchor the
epidermis and dermal-epidermal junction to the
dermis.

The Dermis

The dermis is divided into 2 distinct regions: the
upper papillary dermis and the lower reticular
dermis. The papillary dermis is located just below
the dermal-epidermal junction and forms conic
upward projections known as dermal papillae.
These projections interdigitate with epidermal
rete ridges, increasing the area of dermal-
epidermal interface and allowing for better adhe-
sion between dermis and epidermis. The papillary
dermis is composed of loosely arranged bundles
of collagen, elastic fibers, fibrocytes, blood
vessels, and nerve endings. The reticular dermis
contains compact collagen fibers, thicker elastic
fibers, deep part of epidermal appendages, and
vascular and nerve networks.
Collagen is the major constituent of the dermis

and is made of collagen fibers synthesized by
fibroblasts. More than 90% of dermal fibers are
made of interstitial collagen, mainly types I and
III, providing tensile strength and mechanical
resistance to the skin.
Elastic fibers are responsible for returning skin

to its normal configuration after deformation and
extend from lamina densa of the epidermal-
dermal junction into the reticular dermis. The
elastic fibers are thin in the papillary dermis but
become thicker and more horizontally oriented in
the reticular dermis. Reticulin fibers are also
present in the dermis and consist of thin collagen
fibers and fibronectin.
Dermal fibers and cells are embedded in the

matrix of macromolecules known as ground
substance. It consists of glycoproteins and
proteoglycans and is abundant in the papillary
dermis.
Cellular components of the dermis include fibro-

blasts, dermal dendrocytes, and mast cells. Fibro-
blasts are the main cells in the dermis synthesizing
dermal fibers and the ground substance. They are
abundant in the papillary dermis, but fewer in
number in the reticular dermis. Fibrocytes are
quiescent fibroblasts devoid of metabolic activity.
Fibroclasts are fibroblasts with phagocytic activity
toward collagen. Myofibroblasts are derived from
fibroblasts and are involved in wound healing.
Mast cells are derived from bone marrow and are
distributed around blood vessels and adnexal
structures of the papillary dermis. Dermal dendro-
cytes represent a heterogeneous population of
mesenchymal dendritic cells and may act as
phagocytes and antigen-presenting cells.

Vasculature
The skin has a rich vasculature consisting of 2 hori-
zonally arrangednetworks: a superficial and adeep
subdermal plexus. These networks originate from
the perforator arteries of the underlying muscles
and communicate via small vessels traversing the
dermis vertically (Fig. 4). The subdermal plexus
lies near the dermal-hypodermal junction and
supplies hair follicles and sweat glands. The super-
ficial plexus is derived from terminal arterioles and
lies at the interface between the papillary and retic-
ular dermis. The superficial plexus gives rise to
a vascular loop that ascends to every dermal
papilla as a precapillary arteriole, forms a turn of
arterial and venous capillaries, and descends into
the papillary dermis as a postcapillary venule. The
venules form the superficial venular plexus, which
connects with veins in subcutaneous fat. In some
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areas, arterioles and venules communicate directly
via arteriovenous shunts bypassing the capillary
circulation. These shunts are controlled by glomus
cells innervated by adrenergic fibers.

Cutaneous vessels are composed of 3 layers
similar to other vessels in the body. Endothelial
cells are enveloped by the basement membrane
containing enmeshed pericytes. They are sur-
rounded by smooth muscle cells and connective
tissue adventitia. Arterioles and venules of the
deep dermis and hypodermis are larger than cor-
responding vessels of the superficial plexus, with
more pericytes present.3

Lymphatics begin as blind-ended capillaries in
the interstitial spaces of the dermal papillae and
form a superficial and a deep plexus. Lymphatic
vessels are lined by endothelial cells and lack
basal lamina and pericytes. Superficial lymphatic
vessels are valveless; deeper lymphatics have
multiple valves and thicker walls. Lymphatics
play an important role in regulation of interstitial
fluid pressure, in removal of excess extracellular
fluid, and in immune reactions.

Nerves
The skin is richly innervated by sensory and auto-
nomic nerve fibers. The sensory nerves are
afferent nerves that carry the sensation of pain,
pressure, temperature, vibration, and itch.
Specialized receptors are present in the skin to
detect various stimuli. The encapsulated receptors
include the Meissner and Vater-Pacini corpuscles.
Meissner corpuscles are found in dermal papillae
and function as mechanoreceptors mediating the
sensation of touch. They consist of a cylindrical
column of flattened laminar cells interspersed
with terminal nerve fibers and surrounded by an
adventitial capsule.10 Vater-Pacini corpuscles are
found at the dermal-hypodermal junction and
function as receptors of pressure and vibration.
They have a characteristic onionlike appearance,
consisting of concentric lamellae wrapped around
a single nerve fiber. The nonencapsulated recep-
tors include free terminal nerve endings and Mer-
kel cells.

The efferent nerves are autonomic and originate
in the sympathetic nervous system. They innervate
smooth muscles of blood vessels, glomus bodies,
the arrector pili muscles, and eccrine and apocrine
glands. They regulate vasomotor response, sweat
production, and piloerection.

Hypodermis

The hypodermis is the deepest layer of the skin
and lies below the dermis and above the under-
lying muscle. It insulates the body and protects it
from mechanical injuries, as well as serves as
a reserve energy supply. The main cells of the
hypodermis are adipocytes arranged in lobules
separated by connective tissue septae. The thick-
ness of this layer shows anatomic and individual
variation and reflects the nutritional status of the
individual.
EFFECTS OF AGING

Cutaneous aging is characterized by intrinsic and
extrinsic processes. Intrinsic or chronologic aging
is genetically determined and is an inevitable
process in the skin. Intrinsically aged skin is char-
acterized by laxity and some exaggerated expres-
sion lines.

Histologically, the epidermis is thinner with flat-
tening of the dermal-epidermal junction.11 The
loss of surface area of the dermal-epidermal inter-
face contributes to increased skin fragility and
reduced nutrient transfer between dermis and
epidermis. Epidermal cell turnover decreases,
which may account for slower wound healing
and less effective desquamation. The dermis
becomes atrophic with reduced numbers of fibro-
blasts and there is a decrease in subdermal
adipose tissue. The number and diameter of
collagen fiber bundles decreases with age and
the ratio of type III collagen to type I collagen
increases.12

Extrinsic aging is engendered by external
factors, of which sun exposure is considered the
most deleterious to the skin. Clinical signs of pho-
toaging include dryness, rhytids, irregular pigmen-
tation, loss of elasticity, telangiectasias, and areas
of purpura. Histologically, photoaged skin is char-
acterized by accumulation of elastin material just
below the dermal-epidermal junction, known as
elastosis. Epidermal atrophy and fragmentation
of collagen and elastic fibers are also associated
with photoaged skin.13
SUMMARY

The skin is a complex organ both structurally and
functionally. Knowledge of skin histology and
physiology fosters a better understanding of cuta-
neous changes associated with aging. In addition,
it helps achieve an optimal cosmetic and func-
tional outcome during surgical and nonsurgical
procedures aimed to reverse the signs of cuta-
neous aging.
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