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Preface

Clinical Dermatology is the product of decades of interac-
tion with our primary care and dermatology colleagues
and residents. It features concise, practical information
on the diagnosis and management of common skin dis-
orders. Diagnostic features, cost-effective management,
evidence-based medicine, and patient-centered care are
emphasized.

INTENDED AUDIENCE

Clinicians, residents, and medical students will find this
textbook helpful in expanding their understanding and
management of skin disorders. Our advisory group, con-
sisting of primary care physicians, residents, nurse practi-
tioners, physician assistants, and medical students, was
instrumental in the design and review of this textbook.

ORGANIZATION AND CONTENT

Clinical Dermatology is divided into three sections.

e Section One covers the principles of diagnosis, man-
agement of common skin disorders, and diagnostic and
surgical procedures.

Section Two covers common skin disorders and selected
less common disorders with high morbidity. The infor-
mation on each disease is formatted into ten sections:
introduction, pathogenesis, history, physical examina-
tion, laboratory findings, diagnosis, differential diagno-
sis, management, indications for consultation, and
patient information. Evidence-based reviews and
national and international guidelines are used when
available in the management sections.

Section Three focuses on the differential diagnosis of
diseases in specific body regions based on history and
physical examination. This section also includes the dif-
ferential diagnosis of purpura, fever and rash, hospital-
acquired rashes, pruritus, and skin ulcers. A chapter on
cosmetic dermatology completes this section.

The online learning center (www.LangeClinical
Dermatology.com) for this textbook contains multimedia

presentations that complement and expand the content in
the textbook. It contains the following.

e Videos with detailed demonstrations of common cuta-
neous diagnostic and surgical procedures.

e Clinical unknown cases with self-assessment questions
that cover challenging diagnostic and management
problems.

» PowerPoint presentations that cover the diagnosis, eval-
uation, and management of common skin disorders.
These PowerPoints can be used for a rapid review of
cutaneous disease or by educators for teaching.
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Section I. Fundamentals of Diagnosis and Treatment

Structure and
Functions of the Skin

Kimberly Bohjanen

Introduction to Chapter / 1

Barrier Function / 1

Immunologic Function / 1

Melanin Production and Protection from
Ultraviolet Light Damage / 2

Synthesis of Vitamin D / 4

INTRODUCTION TO CHAPTER

The skin is the site of many complex and dynamic processes
as demonstrated in Figure 1-1 and Table 1-1. These pro-
cesses include barrier and immunologic functions, melanin
production, vitamin D synthesis, sensation, temperature
regulation, protection from trauma and aesthetics.

BARRIER FUNCTION

The epidermal barrier protects the skin from microbes,
chemicals, physical trauma, and desiccation due to tran-
sepidermal water loss.!"” This barrier is created by dif-
ferentiation of keratinocytes as they move from the basal
cell layer to the stratum corneum. The keratinocytes of
the epidermis are produced and renewed by stem cells in
the basal layer resulting in replacement of the epidermis
approximately every 28 days. It takes 14 days for these cells
to reach the stratum corneum and another 14 days for the
cells to desquamate.

Keratinocytes produce keratins, structural proteins that
form filaments that are part of the keratinocyte cytoskeleton.
In the stratum spinosum keratin filaments radiate outwards
from the nucleus and connect with desmosomes which are
prominent under the microscope giving a “spiny” appear-
ance to cells. As cells move into the stratum granulosum,
keratohyalin granules composed of keratin and profilaggrin

Sensation / 4

Temperature Regulation / 4
Protection from Trauma / 5
Identity and Aesthetics / 5
References / 5

are formed. Profilaggrin is converted into filaggrin (filament
aggregation protein) that aggregates and aligns keratin fila-
ments into tightly compressed parallel bundles that form
the matrix for the cells of the stratum corneum. Filaggrin
gene mutations are associated with ichthyosis vulgaris and
atopic dermatitis. As keratinocytes move into the stratum
corneum they lose their nuclei and organelles and develop a
flat hexagon shape. These cells are stacked into a “bricks and
mortar”’-like pattern with 15 to 25 layers of cells (bricks)
surrounded by lipids (mortar). The lipids consist of cerami-
des, free fatty acids, and cholesterol.

IMMUNOLOGIC FUNCTION

Epithelial cells at the interface between the skin and
the environment provide the first line of defense via the
innate immune system.** Epithelial cells are equipped to
respond to the environment through a variety of structures
including Toll-like receptors (TLRs) of which there are at
least 10, nucleotide-binding oligomerization domain-like
receptors, C-type lectins, and peptidoglycan recognition
proteins. TLR-mediated activation of epithelial cells is also
associated with the production of defensins and cathelici-
dins, families of antimicrobial peptides.

Dendritic cells bridge the gap between the innate
and adaptive immune systems. Dermal dendritic cells
can induce autoproliferation of T cells and production
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Figure 1-1. Cross-section of skin.

of cytokines as well as nitric oxide synthase. The exact
function of dendritic epidermal Langerhans cells is an
area of rapidly evolving research suggesting that these
cells are very important to the modulation of the adap-
tive immune response.”

MELANIN PRODUCTION AND PROTECTION
FROM ULTRAVIOLET LIGHT DAMAGE

Melanocytes comprise 10% of the cells in the basal cell
layer.® There is another population of melanocytes in the
hair follicle that is responsible for hair color and replacing

Stratum spinosum —

Connective tissue

Sensory nerve ending

Langerhan cell

Melanocyte

Merkel cell

Basement membrane

Arrector pili muscle
Sebaceous (oil) gland

Eccrine gland

Sensory nerve fiber

epidermal melanocytes as needed (Figure 1-2). Melanocytes
produce melanin, a pigmented polymer that absorbs UV
light. Melanin is synthesized from tyrosine in several steps
that require the enzyme tyrosinase. As melanin is produced
it is then packaged into melanosomes, a specialized organ-
elle. Melanosomes are phagocytosed by keratinocytes and
moved to an area above the keratinocyte’s nucleus acting
as a protective shield from UV light. One melanocyte pro-
vides melanosomes for as many 30 to 40 keratinocytes. All
humans have the same number of melanocytes. The varia-
tion in the degree of skin color is due to variations in mela-
nosomes. Individuals with darker brown skin tones have



STRUCTURE AND FUNCTIONS OF THE SKIN

Table 1-1. Structure and function of the skin.

Stratum granulosum Contains keratohyalin granules that produce profilaggrin

Langerhans cells 2 Dendritic cells, important in the modulation of the adaptive immune response

Melanocytes Dendritic cells that produce melanin for ultraviolet light ﬁrotecﬁon

Basement membrane Interface between the epidermis and dermis

Collagen Network of fibrous proteins for skin tensile strength

Fibroblasts Cells that produce ground substance, collagen, and elastic fibers -

Histiocytes/macrophages Leukocytes that phagocytize and present antigen

Apocrine glands Axillary and anogenital glands responsible for body odor

Hair follicle Component of pilosebaceous unit that produces the hair fiber

Meissner corpuscles Specialized nerve receptors for light touch

Blood vessels Two horizontal plexies in the dermis that are connected and can shunt blood flow




Figure 1-2. Melanocytes in the basal cell layer and
in the hair bulb region. Confocal image of nerves (aqua)
and melanocytes (yellow) in the epidermis and the hair
bulb region of a human anagen scalp hair follicle.
Montage of 3 fields of view. Sample was immunostained
with antibodies to a pan-neuronal marker PGP9.5 (aqua)
and melanocytes (Mels-5) (yellow). (Reproduced with
permission from Marna Ericson, PhD.)

more abundant, larger, and more dispersed melanosomes.
Exposure to UV light stimulates the production of melanin
within melanosomes producing a “tan.” Tyrosinase defi-
ciency is associated with albinism and vitiligo is associated
with absence of melanocytes.

SYNTHESIS OF VITAMIN D

The main sources for vitamin D are dietary intake and pro-
duction of vitamin D precursors by the skin. With expo-
sure to UV light provitamin D, (7-dehydrocholesterol) in
the epidermis is converted into previtamin D that converts
into vitamin D,. Vitamin D, is converted to its metaboli-
cally active form in the liver and kidneys.?

The skin is one of the principal sites of interaction with
the environment and many types of stimuli are processed
by the peripheral and central nervous systems.”' Initially,
cutaneous nerves were classified as being either “afferent”
controlling sweat gland function and blood flow or “effer-
ent” transmitting sensory signals to the central nervous
system, but after the discovery of the neuropeptide sub-
stance P (SP) and other neuropeptides in sensory nerves,
many trophic properties of nerve fibers and neuropeptides
have been reported.
There are 3 major nerve types in the skin:

AP fibers—large, heavily myelinated nerve fibers that
transmit tactile sensation

Ad fibers—thinly myelinated nerve fibers involved in
the transmission of short and fast painful stimuli

C-fibers—unmyelinated nerves that transmit pain and
itch sensations

Mixed nerve fiber bundles form a plexus from which
individual nerve fibers extend toward their specific targets.
The first tier is underneath the epidermis and innervates
the epidermis and cutaneous mechanoreceptors or the
upper dermis (Figure 1-3).

The second and third tiers are located between the
dermis and subcutis or in the deep subcutis and inner-
vate hair follicles, the arrector pili muscles, and sweat
glands as well as the lower dermis and subcutis. All 3 plexi
innervate blood vessels, smooth muscle cells, and mast
cells, thereby connecting different skin cell populations
with the brain.

TEMPERATURE REGULATION

The skin helps to regulate and maintain core body tem-
perature through regulation of sweating and varying the
blood flow in the skin. Evaporation of sweat contributes to
temperature control of the body. Under normal conditions
900 mL of sweat is produced daily. With increased physical
activity or increased environmental temperature, 1.4 to 3 L
of sweat per hour can be produced."!
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Figure 1-3. Epidermal nerve fibers and blood
vessels. Confocal image of epidermal nerve fibers
(green), collagen type IV (red), and the neuropeptide
calcitonin gene-related peptide (CGRP) (blue) in human
scalp skin. The dermal/epidermal boundary and blood
vessels are delineated by collagen type IV (red).
Sample was immunostained with antibodies to protein
gene product (PGP) 9.5 (green), collagen type IV (red),
and CGRP (blue). (Reproduced with permission from
Marna Ericson, PhD.)

The regulation of blood flow in the capillaries in the
dermal papillae and other cutaneous vessels plays an
important role in convective heat loss and heat conserva-
tion. Normally the blood flow in the skin is approximately
5% of the cardiac output, but in extremely cold tempera-
tures it can drop to almost zero and in severe heat stress it
can be as high as 60%.'? Dysfunction of thermoregulation
can lead to hyperthermia and hypothermia.

PROTECTION FROM TRAUMA

The dermis varies in thickness from 1 to 4 mm. It pro-
tects and cushions underlying structures from injury and
provides support for blood vessels, nerves, and adnexal
structures. It is separated from the epidermis by the base-
ment membrane, which is created by the basal layer of the
epidermis. Collagen is responsible for the tensile strength
of the skin and comprises 75% of the dry weight of the
dermis. Defects in collagen synthesis are associated with
diseases such as Ehlers—Danlos syndrome (hyperextensible

joints and skin). Elastic fibers are responsible for the elas-
ticity and resilience of the skin and are 2% to 3% of the dry
weight of the skin. Defects in elastic fibrils can be associ-
ated with cutis laxa and Marfan syndrome.

IDENTITY AND AESTHETICS

The perception of an individual’s ethnicity, age, state of
health, and attractiveness is affected by the appearance of
his or her skin and hair. Sun-damaged skin, rashes, hair
disorders, pigment disorders, and acne can have a pro-
found effect on how individuals perceive themselves and
others.
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INTRODUCTION TO CHAPTER

Identification and classification of a patient’s skin lesions
are important steps in the diagnosis of any skin disorder.
The numerous descriptive terms used in dermatology
can be overwhelming and at times confusing as there are
some variations in the use and meaning of these words in
the literature.! However, a few simple terms can be used
to describe the cutaneous findings in most skin diseases.
Using proper terminology to describe skin findings is
essential for both documentation and communication
with other clinicians. The effort to use precise descrip-
tive terms also encourages a clinician to look with more

Table 2-1. Primary lesions and their morphology.

Carol Soutor

Morphology and
Terminology of
Skin Lesions

Shape / 10
Arrangement and Distribution / 10
References / 14

care and more closely at a patient’s skin lesions. The
key features of skin lesions are (1) the type of lesion,
(2) secondary changes to the surface of the lesion, (3) the
color of the lesion, (4) the shape of the lesion, and (5) the
arrangement and distribution of the lesions.

TYPES OF LESIONS

The first step is categorization of the primary skin lesion(s).
This may be difficult if the lesions are excoriated or if the
examination takes place late in the disease process. The
lesion may need to be lightly touched or deeply palpated
to accurately assess its features. Table 2-1 lists the 10 most

Terminology Diameter Morphology
Macule <0.5 cm Flat, level with surface of skin

Patch >0.5 cm

Papule <0.5 cm Solid, elevated lesion

Plaque >0.5 cm

Wheal Any size White to pink edematous papule or plaque that lasts less than 24 h
Nodule >0.5 cm Dermal or subcutaneous solid, elevated lesion
Vesicle <0.5 cm Blister containing fluid or blood

Bulla >0.5 cm

Pustule <0.5 cm Cavity filled with pus, may be sterile

Cyst >0.5 tm Cavity filled with pus or keratin

Example

Tinea versicolor (Figure 2-1)
Dermatitis (Figure 2-2)

Urticaria (Figure 2-3)
Amelanotic melanoma (Figure 2-4)
Pemphigus vulgaris (Figure 2-5)

Pustular psoriasis (Figure 2-6)
Epidermal cyst (Figure 2-7)




MORPHOLOGY AND TERMINOLOGY OF SKIN LESIONS

Figure 2-4. Nodule. Nodular amelanotic melanoma.
Figure 2-1. Macules and patches. Tinea versicolor.

Figure 2-2. Papules and a plaque. Contact
dermatitis due to nickel in metal button in a child
with atopic dermatitis.

Figure 2-6. Pustules. Pustular psoriasis.

Figure 2-3. Wheal. Urticaria. Figure 2-7. Cyst. Staphylococcal boil.
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Table 2-2. Examples of surface changes in skin lesions.

: Terminology Surface Changes in Lesions Examﬁle
Scale Loose of adherent flake composed of stratum comeum cells. The mm
, term hy, ,,;.lsmadfemnallmof&ldudﬁm;cde e L |
Crust Pemphngus vulgans (Figure 2-9)
dhenifcatio \ :  Mopic dermatits (Figure 2-10)
Fissure Linear, sharply defmed deep crack in the skin Callous (Flgure 2-11)
Erosion : mmmotﬂnmmﬁdalepidumzm g S i
Excoriation Linear of pmﬁaie, mpnrﬁchl, efosions. skin caused by ‘
Ulcer Defect in epldermus and dermls due to loss of tissue Pyoderma gangrenosum
(Figure 2-13)
Eschar Black, hard crust resulting from tissue necrosis of the epidermis and /or dermis Self-induced injury (Figure 2-14)
Atrophy Depression and/or surface change in skin as the result of diminution Lichen sclerosis (Figure 2-15)
of a component(s) of the epldermls dermis, or fat
Scar Depressed or elevated proliferz nfmnm@hveﬁssuﬁhathas .
: ~ replaced inflamed or traumatized skin- . :

common morphological terms for types of skin lesions.
These are based on:

e Diameter of the lesion.

e Relationship of the lesion to the surface of the skin—is
the lesion flat or elevated above the surface of the skin?

e Composition of the lesion—is it fluid filled or solid?

Most textbooks use a lesion diameter of either 0.5 or
1 cm to distinguish between various lesion types. This
textbook uses 0.5 cm. It is not uncommon for a skin

Figure 2-8. Scale. Psoriasis.

disease to have multiple types of lesions. Therefore,
terms such as maculopapular or vesiculobullous are com-
monly used.

SURFACE CHANGES

Some lesions have a smooth surface, but surface changes
frequently quickly develop during the course of a skin
disorder. Table 2-2 lists common surface changes. Papulo-
squamous is a term used to describe papules/plaques that
have scale.

Figure 2-9. Crust on collapsed bullae of pemphigus
vulgaris.



