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Life cycle icon. These blue boxes emphasize pre-
natal developmental factors that affect postnatal 
anatomy and anatomical phenomena specifically 

associated with stages of life—childhood, adolescence, adult, 
and advanced age.

Trauma icon. The effect of traumatic events—
such as fractures of bones or dislocations of joints—
on normal anatomy and the clinical manifestations 

and dysfunction resulting from such injuries are featured in 
these blue boxes.

Diagnostic procedures icon. Anatomical fea-
tures and observations that play a role in physical 
diagnosis are targeted in these blue boxes.

Surgical procedures icon. These blue boxes ad-
dress such topics as the anatomical basis of surgical 
procedures, such as the planning of incisions and 

the anatomical basis of regional anesthesia.

Pathology icon. The effect of disease on normal 
anatomy, such as cancer of the breast, and anatomi-
cal structures or principles involved in the confine-

ment or dissemination of disease within the body are the 
types of topics covered in these blue boxes.

• Surface anatomy is integrated into the chapter at the 
time each region is being discussed to demonstrate the 
relationship between anatomy and physical examination, 
diagnosis, and clinical procedures.

• Medical images (radiographic, CT, MRI, and ultra-
sonography studies) have been included, often with 
correlative illustrations. Current diagnostic imaging 
techniques demonstrate anatomy as it is often viewed 
clinically.

• Case studies accompanied by clinico-anatomical problems 
and USMLE-style multiple-choice questions.  Interactive 
case studies and multiple-choice questions are available 
to our readers online at http://thePoint.lww.com/ECA5e, 
providing a convenient and comprehensive means of self-
testing and review.

• Instructor’s resources and supplemental materials, 
 including images exportable for PowerPoint presen-
tation, are available through http://thePoint.lww.com/
ECA5e.

The terminology adheres to the Terminologica Ana-
tomica (1998) approved by the International Federation 
of Associations of Anatomists (IFAA). The official English-
equivalent terms are used throughout the present edition. 

Nineteen years have passed since the first edition of Essen-
tial Clinical Anatomy was published. The main aim of the 
fifth edition is to provide a compact yet thorough textbook 
of clinical anatomy for students and practitioners in the 
health care professions and related disciplines. We have 
made the book even more student friendly. The presenta-
tions

• Provide a basic text of human clinical anatomy for use in 
current health sciences curricula

• Present an appropriate amount of clinically relevant ana-
tomical material in a readable and interesting form

• Place emphasis on clinical anatomy that is important for 
practice

• Provide a concise clinically oriented anatomical overview 
for clinical courses in subsequent years

• Serve as a rapid review when preparing for examinations, 
particularly those prepared by the National Board of 
Medical Examiners

• Offer enough information for those wishing to refresh 
their knowledge of clinical anatomy

This edition has been thoroughly revised, keeping in mind 
the many invaluable comments received from students, col-
leagues, and reviewers. The key features include

• An extensively revised art program, giving the book an 
entirely new streamlined and fresh appearance. All of 
the illustrations are now in full color and designed to 
highlight important facts and show their relationship to 
clinical medicine and surgery. Each illustration has been 
reworked, whether for the seventh edition of Clinically 
Oriented Anatomy (COA7) or specifically for this book, 
to create a uniform and user-friendly product. A great ef-
fort has been made to further improve clarity of labeling 
and to place illustrations on the pages being viewed as the 
illustrations are cited in the text.

• Revised text with a stronger clinical orientation
• More illustrated clinical correlations, known as “blue 

boxes,” have been included to help with the understand-
ing of the practical value of anatomy. In response to our 
readers’ suggestions, the blue boxes have been grouped. 
They are also classified by the following icons to indicate 
the type of clinical information covered:

Anatomical variations icon. These blue boxes 
feature anatomical variations that may be en-
countered in the dissection lab or in practice, 

emphasizing the clinical importance of awareness of such 
variations.

PREFACE
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viii PREFACE

We again welcome your comments and suggestions for 
improvements in future editions.

Keith L. Moore
University of Toronto

Faculty of Medicine

Anne M.R. Agur
University of Toronto

Faculty of Medicine

Arthur F. Dalley II
Vanderbilt University

School of Medicine

When new terms are introduced, however, the Latin forms 
as used in Europe, Asia, and other parts of the world ap-
pear in parentheses. The roots and derivation of terms 
are included to help students understand the meaning of 
the terminology. Eponyms, although not endorsed by the 
IFAA, appear in parentheses to assist students during their 
clinical studies.

The parent of this book, Clinically Oriented Anatomy 
(COA), is recommended as a resource for more detailed 
 descriptions of human anatomy and its relationship and 
importance to medicine and surgery. Essential Clinical 
Anatomy, in addition to its own unique illustrations and 
manuscript, has utilized from the outset materials from 
Clinically Oriented Anatomy and Grant’s Atlas. 
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INTRODUCTION TO CLINICAL ANATOMY2

nails. The skin, an extensive sensory organ, forms a pro-
tective covering for the body.

• Skeletal system (osteology, orthopedics): consists of bones 
and cartilage. It provides support for the body and pro-
tects vital organs. The muscular system acts on the skel-
etal system to produce movements.

• Articular system (arthrology): consists of joints and their 
associated ligaments. It connects the bony parts of the 
skeletal system and provides the sites at which move-
ments occur.

• Muscular system (myology): consists of muscles that act 
(contract) to move or position parts of the body (e.g., the 
bones that articulate at joints)

• Nervous system (neurology): consists of the central ner-
vous system (brain and spinal cord) and the peripheral 

Essential Clinical Anatomy relates the structure and func-
tion of the body to what is commonly required in the gen-
eral practice of medicine, dentistry, and the allied health 
sciences. Because the number of details in anatomy over-
whelms many beginning students, Essential Clinical Anat-
omy simplifies, correlates, and integrates the information 
so that it is easier to understand. The clinical correlation 
boxes (blue boxes) and clinical case studies (http:// thePoint
.lww.com) illustrate the clinical applications of anatomy. 
The surface anatomy boxes (orange boxes) provide an 
 understanding of what lies under the skin, and the medi-
cal imaging techniques (green boxes), included throughout 
and at the end of each chapter, illustrate how anatomy is 
visualized clinically.

APPROACHES TO STUDYING 
ANATOMY

There are three main approaches to studying human gross 
anatomy: regional, systemic, and clinical (applied). In this 
introductory chapter, the systemic approach is used; in 
subsequent chapters, the clinical and regional approaches 
are used.

Regional anatomy is based on the organization of the 
body into parts: head, neck, trunk (further subdivided into 
thorax, abdomen, pelvis/perineum, and back), and paired 
upper and lower limbs. Emphasis is placed on the relation-
ships of various systemic structures (e.g., muscles, nerves, 
and arteries) within the region (Fig. I.1). Each  region is not 
an isolated part and must be put into the context of adjacent 
regions and of the body as a whole. Surface anatomy is an 
essential part of the regional  approach, providing a knowl-
edge of what structures are visible and/or palpable (percep-
tible to touch) in the living body at rest and in action. The 
physical examination of patients is the clinical extension of 
surface anatomy. In people with stab wounds, for example, 
the healthcare worker must be able to visualize the deep 
structures that might be injured.

Systemic anatomy is an approach to anatomical study 
organized by organ systems that work together to carry out 
complex functions. None of the organ systems functions 
in isolation. For example, much of the skeletal,  articular, 
and muscular systems constitute the locomotor system. And 
 although the structures directly  responsible for locomotion 
are the muscles, bones, joints, and ligaments, other systems 
are involved as well. The  arteries and veins of the circulatory 
system supply oxygen to them and remove waste from them, 
and the nerves of the nervous system stimulate them to act. 
Brief descriptions of the systems of the body and their fields 
of study (in  parentheses) follow:

• Integumentary system (dermatology): consists of the skin 
(integument) and its appendages, such as the hair and 

Anterior view Posterior view

1 = Gluteal region   6 = Anterior leg region

1
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6

8
10
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Thorax

Back

Pelvis/perineum

Neck Abdomen
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Upper limb

Major parts of the body

Regions of lower limb

2 = Anterior thigh region

3 = Posterior thigh region

4 = Anterior knee region

5 = Posterior knee region

7 = Posterior leg region

8 = Anterior talocrural (ankle) region

9 = Posterior talocrural region

10 = Foot region

FIGURE I.1. Anatomical position and regions of body.
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worldwide as well as among scholars in basic and  applied 
health sciences. Although eponyms (names of struc-
tures derived from the names of people) are not used 
in  official anatomical terminology, those commonly used 
by clinicians  appear in parentheses throughout this book 
to aid students in their clinical years. Similarly, formerly 
used terms appear in  parentheses on first mention—for 
 example, internal thoracic artery (internal mammary 
 artery). The terminology in this book conforms with 
the  Terminologia Anatomica: International Anatomi-
cal Terminology (Federative Committee on Anatomical 
Terminology, 1998).

Anatomical Position
All anatomical descriptions are expressed in relation to the 
anatomical position (Fig. I.1) to ensure that the descrip-
tions are not ambiguous. The anatomical position refers to 
 people—regardless of the actual position they may be in—as 
if they were standing erect, with their

• Head, eyes (gaze), and toes directed anteriorly (forward)
• Upper limbs by the sides with the palms facing 

anteriorly
• Lower limbs close together with the feet parallel and 

the toes directed anteriorly

Anatomical Planes
Anatomical descriptions are based on four imaginary 
planes that intersect the body in the anatomical position 
(Fig. I.2). There are many sagittal, frontal, and transverse 
planes, but there is only one median plane.

• Median (median sagittal) plane is the vertical plane 
passing longitudinally through the center of the body, 
 dividing it into right and left halves.

• Sagittal planes are vertical planes passing through the 
body parallel to the median plane. It is helpful to give 
a point of reference to indicate the position of a spe-
cific plane—for example, a sagittal plane through the 
midpoint of the clavicle. A plane parallel to and near 
the median plane may be referred to as a paramedian 
plane.

• Frontal (coronal) planes are vertical planes passing 
through the body at right angles to the median plane, 
dividing it into anterior (front) and posterior (back) 
portions—for example, a frontal plane through the heads 
of the mandible.

• Transverse planes are planes passing through the body at 
right angles to the median and frontal planes. A transverse 
plane divides the body into superior (upper) and inferior 
(lower) parts—for example, a transverse plane through 
the umbilicus. Radiologists refer to transverse planes as 
transaxial planes or simply axial planes.

nervous system (nerves and ganglia, together with their 
motor and sensory endings). The nervous system controls 
and coordinates the functions of the organ systems.

• Circulatory system (angiology): consists of the cardiovas-
cular and lymphatic systems, which function in parallel to 
distribute fluids within the body
• Cardiovascular system (cardiology): consists of the 

heart and blood vessels that propel and conduct blood 
through the body

• Lymphoid system: consists of a network of lymphatic 
vessels that withdraws excess tissue fluid (lymph) from 
the body’s interstitial (intercellular) fluid compart-
ment, filters it through lymph nodes, and returns it to 
the bloodstream

• Digestive or alimentary system (gastroenterology): 
consists of the organs and glands associated with the 
ingestion, mastication (chewing), deglutition (swallow-
ing),  digestion, and absorption of food and the elimi-
nation of feces (solid wastes) after the nutrients have 
been absorbed

• Respiratory system (pulmonology): consists of the air pas-
sages and lungs that supply oxygen and eliminate carbon 
dioxide. The control of airflow through the system pro-
duces tone, which is further modified into speech.

• Urinary system (urology): consists of the kidneys, ureters, 
urinary bladder, and urethra, which filter blood and sub-
sequently produce, transport, store, and intermittently 
excrete liquid waste (urine)

• Reproductive system (obstetrics and gynecology for 
 females, andrology for males): consists of the gonads 
(ovaries and testes) that produce oocytes (eggs) and 
sperms and the other genital organs concerned with 
reproduction

• Endocrine system (endocrinology): consists of discrete 
ductless glands (e.g., thyroid gland) as well as cells of the 
intestine and blood vessel walls and specialized nerve end-
ings that secrete hormones. Hormones are distributed by 
the cardiovascular system to reach receptor organs in all 
parts of the body. These glands influence metabolism and 
coordinate and regulate other processes (e.g., the men-
strual cycle).

Clinical (applied) anatomy emphasizes aspects of the 
structure and function of the body important in the prac-
tice of medicine, dentistry, and the allied health sciences. 
It  encompasses both the regional and the systemic approaches 
to studying anatomy and stresses clinical application.

ANATOMICOMEDICAL 
TERMINOLOGY

Anatomy has an international vocabulary that is the foun-
dation of medical terminology. This nomenclature en-
ables precise communication among health professionals 
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INTRODUCTION TO CLINICAL ANATOMY4

soles, such as a dog. The sole indicates the inferior aspect 
or bottom of the foot, much of which is in contact with the 
ground when standing barefoot. The palm refers to the flat 
anterior aspect of the hand, excluding the five digits, and is 
the opposite of the dorsum of the hand.

Terms of Laterality
Paired structures having right and left members (e.g., 
the kidneys) are bilateral, whereas those occurring on 
one side only (e.g., the spleen) are unilateral. Ipsilat-
eral means  occurring on the same side of the body; the 
right thumb and right great toe are ipsilateral, for example. 
Contralateral means occurring on the opposite side of the 
body; the right hand is contralateral to the left hand.

Terms of Movement
Various terms describe movements of the limbs and other 
parts of the body (Fig. I.4). Although most movements take 
place at joints where two or more bones or cartilages articu-
late with one another, several nonskeletal structures exhibit 
movement (e.g., tongue, lips, and eyelids). Movements tak-
ing place at joints are described relative to the axes around 
which the part of the body moves and the plane in which the 
movement takes place—for example, flexion and extension 

Terms of Relationship and 
Comparison
Various adjectives, arranged as pairs of opposites, describe 
the relationship of parts of the body in the anatomical 
 position and compare the position of two structures rela-
tive to each other. These pairs of adjectives are explained 
and  illustrated in Figure I.3. For example, the eyes are 
superior to the nose, whereas the nose is inferior to 
the eyes.

Combined terms describe intermediate positional 
arrangements:

• Inferomedial means nearer to the feet and closer to 
the median plane—for example, the anterior parts of 
the ribs run inferomedially.

• Superolateral means nearer to the head and farther 
from the median plane.

Proximal and distal are directional terms used when 
describing positions—for example, whether structures 
are nearer to the trunk or point of origin (i.e., proximal). 
Dorsum refers to the superior or dorsal (back) surface of 
any part that protrudes anteriorly from the body, such as 
the dorsum of the foot, hand, penis, or tongue. It is easier to 
understand why these surfaces are considered dorsal if one 
thinks of a quadrupedal plantigrade animal that walks on its 

Median 
plane

Frontal
(coronal)
plane

Frontal
(coronal)
plane of 
feet

Transverse
(axial)
plane

Median 
plane of
hand

Median 
plane of
foot

Sagittal
plane

FIGURE I.2. Planes of body.
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Dorsal
surface

Palmar
surface

Plantar 
surface

Median
plane

Coronal
plane

*

*

*

*

*

Dorsum Palm

SoleDorsum

Dorsal
surface

Nearer to head

The heart is superior
to the stomach.

Superior (cranial)

Nearer to surface

The muscles of the arm
are superficial to its 
bone (humerus).

Superficial

Between a superficial
and a deep structure

The biceps muscle is
intermediate between
the skin and the
humerus.

Intermediate

Farther from surface

The humerus is deep
to the arm muscles.

Deep

Nearer to median plane

The 5th digit (little
finger) is on the medial 
side of the hand.

Medial

Farther from median
plane

The 1st digit (thumb) is 
on the lateral side of 
the hand.

Lateral

Nearer to trunk or point
of origin (e.g., of a limb)

The elbow is proximal to 
the wrist, and the prox-
imal part of an artery
is its beginning.

Proximal

Farther from trunk or 
point of origin 
(e.g., of a limb)

The wrist is distal to the
elbow, and the distal 
part of the upper limb is 
the hand.

Distal

Nearer to back

The heel is posterior
to the toes.

Posterior (dorsal)

Anterior hand (palm)

Posterior hand (dorsum)

Palmar vs. Dorsal

Inferior foot surface (sole)

Superior foot surface (dorsum)

Plantar vs. Dorsal

Nearer to feet

The stomach is
inferior to the heart.

Inferior (caudal)

Nearer to front

The toes are anterior
to the ankle.

Anterior (ventral)

Terms applied to the entire body
Terms specific for hands and feet

*   Terms independent of anatomical position

Key

FIGURE I.3. Terms of relationship and comparison. These terms describe the position of one structure to another.

of the shoulder take place in the sagittal plane around a fron-
tal (coronal) axis.

Anatomical Variations
Although anatomy books describe the structure of the body 
observed in most people (i.e., the most common pattern), 

the structure of individuals varies considerably in the  details. 
Students are often frustrated because the bodies they are 
examining or dissecting do not conform to the atlas or text-
book they are using. Students should expect  anatomical 
variations when dissecting or studying prosected specimens. 
The bones of the skeleton vary among themselves not only in 
their basic shape but also in the details of surface structure. 
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INTRODUCTION TO CLINICAL ANATOMY6

FIGURE I.4. Terms of movement. These terms  describe movements of the limbs and other parts of the body; most movement takes place at joints where 
two or more bones or cartilages articulate with each other. (continued)

Flexion and extension of upper
limb at shoulder joint and lower
limb at hip joint

Extension Flexion

Extension Flexion

FlexionExtension

Flexion and extension of
forearm at elbow joint and
of leg at knee joint

Flexion and extension
of vertebral column at
intervertebral joints

Flexion

Flexion

Extension

Extension

(A)  Pronation and supination
of forearm at radio-ulnar 
joints

(B)  

PronationSupination

Flexion and extension
of hand at wrist joint

Extension

Flexion

(C)  

Eversion Inversion

Adduction

Abduction

Abduction and adduction
of 2nd, 4th, and 5th
digits at metacarpo-
phalangeal joints

(F)  
Inversion and eversion of foot
at subtalar and transverse
tarsal joints

(E)  

Dorsiflexion

Dorsiflexion and plantarflexion 
of foot at ankle joint

Plantarflexion

(D)  

There is also a wide variation in the size, shape, and form 
of the attachment of muscles. Similarly, there is variation in 
the method of division of vessels and nerves, and the great-
est variation occurs in veins. Apart from racial and sexual 
differences, humans exhibit considerable genetic variation. 
Approximately 3% of newborns show one or more significant 
congenital anomalies (Moore & Persaud, 2010).

INTEGUMENTARY SYSTEM

The skin, the largest organ of the body, is readily accessible 
and is one of the best indicators of general health (Swartz, 
2005). The skin provides

• Protection for the body from environmental effects, such 
as abrasions and harmful substances

• Containment of the tissues, organs, and vital substances of 
the body, preventing dehydration

• Heat regulation through sweat glands, blood vessels, and 
fat deposits

• Sensation (e.g., pain) by way of superficial nerves and 
their sensory endings

• Synthesis and storage of vitamin D

The skin consists of a superficial cellular layer, the epi-
dermis, which creates a tough protective outer surface, and 
a basal (deep) regenerative and pigmented connective tissue 
layer, the dermis (Fig. I.5A).

The epidermis is a keratinized stratified (layered) epi-
thelium with a tough outer surface composed of keratin 
(a  fibrous protein). The outer layer of the epidermis is con-
tinuously “shed” or rubbed away with replacement of new 
cells from the basal layer. This process renews the epidermis 
of the entire body every 25 to 45 days. The epidermis is avas-
cular (no blood vessels or lymphatics) and is nourished by 
the vessels in the underlying dermis. The skin is supplied by 
afferent nerve endings that are sensitive to touch, irritation 
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FIGURE I.4. Terms of movement. (continued)

Opposition Reposition

Opposition and reposition of thumb
and little finger at carpometacarpal
joint of thumb combined with flexion at
metacarpophalangeal joints

(M)  

Extension

Abduction

Abduction

Adduction Lateral
rotation

Medial
rotation

Lateral 
(external)
rotation

Medial 
(internal)
rotation

Adduction Circumduction

Abduction and adduction of right limbs and
rotation of left limbs at glenohumeral and hip
joints

Circumduction (circular
movement) of lower limb at
hip joint

(G)  (H)  

Elevation Depression

Elevation and depression
of shoulders

(I)  

Retrusion

Protrusion

Protrusion and retrusion of mandible
(jaw) at temporomandibular joints

(K)  
Lateral
bending Rotation

of head
and neck

Rotation
of upper
trunk, neck,
and head

Lateral bending (lateral flexion) of trunk and rotation of upper
trunk, neck, and head

(J)  Protraction and retraction of scapula on
thoracic wall

Protraction 

Retraction 

(L)  

Abduction

The thumb is rotated 90° relative to other structures. Abduction and 
adduction at metacarpophalangeal joint occurs in a sagittal plane;
flexion and extension at metacarpophalangeal and interphalangeal 
joints occurs in frontal planes, opposite to these movements at other
joints.

(N)  

Flexion

Adduction
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INTRODUCTION TO CLINICAL ANATOMY8

subcutaneous tissue and attach the deep surface of the der-
mis to the underlying deep fascia (Fig. I.5B,C). The length 
and density of these ligaments determine the mobility of the 
skin over deep structures.

The deep fascia is a dense, organized connective tissue layer, 
devoid of fat, that envelops most of the body deep to the skin and 
subcutaneous tissue. Extensions from its internal surface

• Invest deeper structures, such as individual muscles and 
neurovascular bundles (investing fascia)

• Divide muscles into groups or compartments (intermus-
cular septa)

• Lie between the musculoskeletal walls and the serous 
membranes lining body cavities (subserous fascia)

The deep fascia also forms (1) retinacula, which hold 
tendons in place during joint movement, and (2) bursae
(closed sacs containing fluid), which prevent friction and 
 enable structures to move freely over another.

In living people, fascial planes (interfascial and intra-
fascial) are potential spaces between adjacent fascias or 
 fascia-lined structures. During operations, surgeons take 
advantage of these planes, separating structures to create 
actual spaces that allow access to deeply placed structures. 
These planes are often fused in embalmed cadavers.

(pain), and temperature. Most nerve terminals are in the 
dermis, but a few penetrate the epidermis.

The dermis is formed by a dense layer of interlacing 
collagen and elastic fibers. These fibers provide skin tone 
and  account for the strength and toughness of the skin. The 
primary direction of collagen fibers in a particular region 
determines the characteristic tension lines (cleavage lines) 
and wrinkle lines in the skin. The deep layer of the dermis 
contains hair follicles, with their associated smooth arrector 
(L. arrector pili) muscles and sebaceous glands. Contraction 
of the arrector muscles erects the hairs (causing goose 
bumps), thereby compressing the sebaceous glands and 
helping them secrete their oily product onto the skin. Other 
integumentary structures  include the hair, nails, mammary 
glands, and the enamel of teeth.

The subcutaneous tissue (superficial fascia) is com-
posed of loose connective tissue and fat. Located between 
the dermis and underlying deep fascia, the subcutaneous 
tissue contains the deepest parts of the sweat glands, the 
blood and lymphatic vessels, and cutaneous nerves. The sub-
cutaneous tissue provides for most of the body’s fat storage, 
so its thickness varies greatly depending on the person’s nu-
tritional state. Skin ligaments (L. retinacula cutis), consist-
ing of numerous small fibrous bands, extend through the 

Afferent nerve endings

Arrector muscle of hair

Collagen and elastic

fibers

Hair follicle

Sweat gland

Skin ligament (SL)

(L. retinaculum cutis)

Hair

Dermis

Subcutaneous tissue

(superficial fascia)   

Deep fascia (DF)

Skeletal muscle

Fat

Sebaceous gland

Cutaneous nerve

Lymphatic vessel

Superficial blood

vessels

Epidermis

Basal (regenerating)

layer of epidermis

Small arteriole feeding

vascular capillary bed

Vascular and lymphatic

capillary beds in

superficial dermis

(A) Schematic section

Subcutaneous tissue (relatively
abundant, tightly confined)

SL

DF

Skin ligaments (SL) (short, stout, abundant)

(B) Palm of hand

(C) Dorsum of hand

Subcutaneous tissue
(scant, loose) SL

Skin ligaments (long, sparse)

DF

FIGURE I.5. Structure of skin and subcutaneous tissue. A. Skin and some of its specialized structures. B. Skin ligaments of palm of hand. The skin of the 
palm, like that of the sole of the foot, is firmly attached to the underlying deep fascia. C. Skin ligaments of dorsum of hand. The long, relatively sparse skin 
ligaments allow the mobility of the skin in this region.
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SKELETAL SYSTEM

The skeleton of the body is composed of bones and cartilages 
and has two main parts (Fig. I.6):

• The axial skeleton consists of the bones of the head 
(cranium or skull), neck (cervical vertebrae), and trunk 
(ribs, sternum, vertebrae, and sacrum).

• The appendicular skeleton consists of the bones of the 
limbs, including those forming the pectoral (shoulder) 
and pelvic girdles.

Bone, a living tissue, is a highly specialized, hard form 
of connective tissue that makes up most of the skeleton 
and is the chief supporting tissue of the body. Bones 
provide

• Protection for vital structures
• Support for the body and its vital cavities
• The mechanical basis for movement
• Storage for salts (e.g., calcium)
• A continuous supply of new blood cells (produced by the 

marrow in the medullary cavity of many bones)

Cartilage is a resilient, semirigid, avascular type of con-
nective tissue that forms parts of the skeleton where more 
flexibility is necessary (e.g., the costal cartilages that attach 
the ribs to the sternum). The articulating surfaces of bones 

Skin Incisions and Wounds

Tension Lines
Tension lines (cleavage lines) keep the skin taut, 
yet allow for creasing with movement. Lacerations 
or surgical incisions that parallel the tension lines 

usually heal well with little scarring because there is minimal 
disruption of the collagen fibers. An incision or laceration 
across tension lines disrupts a greater number of collagen 
fibers, causing the wound to gape and possibly heal with 
 excessive (keloid) scarring. Surgeons make their incisions 
parallel with the tension lines when other considerations 
(e.g., adequate exposure, avoiding nerves) are not of greater 
importance.

Stretch Marks in Skin
The collagen and elastic fibers in the dermis form 
a tough, flexible meshwork of tissue. The skin can 
distend considerably when the abdomen enlarges, 

as during pregnancy, for example. However, if stretched 
too far, it can result in damage to the collagen fibers in the 
dermis. Bands of thin wrinkled skin, initially red, become 
purple and later white. Stretch marks appear on the abdo-

men, buttocks, thighs, and breasts during pregnancy. These 
marks also form in obese individuals. Stretch marks gener-
ally fade (but never disappear completely) after pregnancy 
and weight loss.

Burns
Burns are tissue injuries caused by thermal, electri-
cal, radioactive, or chemical agents.
•  In first-degree burns, the damage is limited to the 

superficial part of the epidermis.
• In second-degree burns, the damage extends through the epi-

dermis into the superficial part of the dermis.  However, 
 except for their most superficial parts, the sweat glands and 
hair follicles are not damaged and can provide the source of 
replacement cells for the basal layer of the  epidermis.

• In third-degree burns, the entire epidermis, dermis, and per-
haps underlying muscle are damaged. A minor degree of 
healing may occur at the edges, but the open ulcerated 
portions require skin grafting.
The extent of the burn (percent of total body surface 

affected) is generally more significant than the degree (sever-
ity of depth) in estimating its effect on the well-being of the 
victim.

Clinical Box

participating in a synovial joint are capped with articular 
cartilage, which provides smooth, low-friction gliding sur-
faces for free movement of the articulating bones (e.g., blue 
areas of the humerus in Fig. I.6). Cartilage is avascular and 
therefore its cells obtain oxygen and nutrients by diffusion. 
The proportion of bone and cartilage in the skeleton changes 
as the body grows; the younger a person is, the greater the 
contribution of cartilage. The bones of a newborn infant 
are soft and flexible because they are mostly composed of 
cartilage.

The fibrous connective tissue covering that surrounds 
bone is periosteum (see Fig. I.10); that surrounding 
cartilage elements, excluding articular cartilage, is peri-
chondrium. The periosteum and perichondrium help 
nourish the tissue, are capable of laying down more 
cartilage or bone (particularly during fracture healing), 
and provide an interface for attachment of tendons and 
ligaments.

Bones
There are two types of bone: compact bone and spongy
(trabecular or cancellous) bone. The differences between 
these types of bone depend on the relative amount of solid 
matter and the number and size of the spaces they contain 
(Fig. I.7). All bones have a superficial thin layer of compact 
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