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preface

The human body is a marvel of biological engineer-
ing. The study of its design and function should be an
exciting experience, and our principal goal in prepar-
ing this book has been to make it so.

AUDIENCE

HUMAN ANATOMY & PHYSIOLOGY is designed as a
textbook for the introductory course in human anat-
omy and physiology. The book is tailored to meet the
needs of students in allied health, medical, and biol-
ogy programs who have only a minimal foundation
in the physical and biological sciences. The student
population served by this textbook is broader than in
former years and now includes those studying for
careers as nurses, radiology technologists, nuclear
medicine technologists, radiation therapy technolo-
gists, medical assistants, sonography technologists,
medical laboratory technologists, emergency medical
technologists, physical therapists, physical education
instructors, and mental health paraprofessionals. The
book can also be used successfully for premedical and
predental students, and others in the biological sci-
ences, as well as many liberal arts students who elect
to take anatomy and physiology because of personal
interest.

PHILOSOPHY AND APPROACH

Because the structures of the body are exquisitely
designed to carry out specific functions, one can best
appreciate and understand anatomy and physiology
when structure and function are studied together.
Accordingly, we have integrated the discussion of
anatomy and physiology as much as possible
throughout the textbook. We have used a systems
rather than a regional approach, and although anat-
omy has not been slighted, an emphasis has been
placed on physiology.

From our own teaching experience we have

found that students learn most effectively and most
enjoyably when they can immediately apply what
they are learning to familiar issues, problems, and
experiences. Thus we frequently relate material in
the text to examples within the student’s frame of
reference. When we describe pigment cells and mela-
nin, for example, we refer to their role in suntan and
sunburn. When we discuss immunology, we apply
the concepts to viral infections, immunization, and
allergy.

Yet it is also true that in order to achieve an un-
derstanding of the body as a whole, it is necessary to
learn about its parts, and there are a great many
parts. To minimize the tendency that many students
have to learn anatomy in fragmented fashion, we
have tried to relate each part as it is discussed in its
role in the organism and its relationships to all the
other parts.

Emphasis has been placed throughout on pre-
senting the human body as a living, functioning,
homeostatic organism. An example of this philoso-
phy may be found in the chapters devoted to the
muscular and skeletal systems, where muscles and
bones are presented as a functioning unit. Instead of
simply listing bones to memorize, followed by a still
longer list of muscles with their origins, insertions,
and actions, we ask and answer such questions as:
how do these structures work together to permit us
to take a step or to shake our heads?

Clinical material has been introduced where
appropriate throughout the text. Most students en-
rolled in anatomy and physiology courses are very
curious about disease processes and other aspects of
clinical physiology, and this type of application is of
tremendous interest to them. Even more important,
normal function is illuminated by contrasting dys-
function. For example, the normal role of ADH be-
comes more clear when diabetes insipidus is ex-
plained, and the actions of insulin are better
understood and remembered when the homeostatic
imbalances that occur in diabetes mellitus are dis-
cussed.
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READABILITY

Special care has been taken to make the reading level
appropriate for today’s college student. New techni-
cal terms are set in boldface and defined, and new
concepts are thoroughly explained. Students will
find the writing style easy to read and enjoyable.

ILLUSTRATIONS

Anatomy is probably the most visually oriented of all
the sciences, so high-quality illustrations are vital to
the learning process. A great deal of time, creative
effort, and expense have gone into the illustration
program for this book. Medical illustrators Iris Nich-
ols and Virginia Schoonover rendered most of the
medical art, with most of the remainder provided by
John Cordes’” J&R Technical Services. The use of full
color has been carefully utilized to increase the in-
structional effectiveness of the art.

Illustrations have been carefully planned not
merely to create interest but to reinforce concepts
presented in the text. Many- illustrations are pre-
sented in a sequential manner, such as the develop-
ment of a bone cell in Chapter 6 and the formation of
urine in Chapter 23. Many physicians and research
scientists have been generous in sharing striking
photomicrographs, scanning and transmission elec-
tron micrographs, CT scans, and roentgenograms.

ORGANIZATION

HUMAN ANATOMY & PHYSIOLOGY is organized
into seven parts, each containing several chapters.

Part I. Organization of the Body

Chapter 1 introduces the student to the basic organi-
zation and structure of the body. Full-color medical
illustrations show the relationship among organs in a
series of progressive dissections, and a series of CT
scans illustrate cross sections through the body at
various levels. The central physiological concept of
homeostasis is discussed and supported with dia-
grams and examples. Clinical techniques for visualiz-
ing body parts are presented in a box. In Chapter 2
chemical concepts that will be used throughout the
book are introduced in biological context. The struc-
ture and basic physiology of the cell are explored in
Chapter 3. Chapter 4 describes the tissues of the
body, and includes a section on neoplasms with em-
phasis on defects of cancer cells. The importance of
the skin to the integrity of the body is discussed in

Chapter 5, which also includes sections on inflam-
mation and repair of wounds and on burns.

Part Il. Support and Movement

Skeletal tissue is described in Chapter 6. Skeletal
remodeling, fractures and healing, bone disease, and
hormones and the skeleton are among the topics dis-
cussed. The skeletal system is the focus of Chapter 7,
which includes a series of full-color illustrations of
the skull. In Chapter 8 muscle tissue is described and
in Chapter 9 all of the parts of the musculoskeletal
system are put together as the muscular system and
its actions are discussed.

Part lll. Regulation of Body Activities

Neurons and their interaction with emphasis on
transmission of impulses and integration are the
main focus of Chapter 10. Chapter 11 addresses the
central nervous system with full-color illustrations of
brain and spinal cord. Information is synthesized to
show how the various parts of the nervous system
work together to control specific activities such as
movement and posture. In Chapter 12 the peripheral
nervous system is examined, and in Chapter 13 the
sense organs are discussed. Chapter 14 emphasizes
the role of the endocrine system in maintaining
homeostasis. Discussion of the consequences of en-
docrine malfunction reinforces the concepts of nor-
mal endocrine physiology.

Part IV. The Circulatory System:
Internal Transport and Defense

Chapter 15 is devoted to the blood. Chapter 16 fo-
cuses on the heart with emphasis on cardiac physiol-
ogy. In Chapter 17 the blood vessels, the pattern of
circulation, the physiology of circulation, and cardio-
vascular disease are discussed. The structure and
physiology of the lymphatic system are presented in
Chapter 18. Immunity is discussed in Chapter 19.
Among the topics covered are antibody diversity,
classes of antibodies, passive immunity, immuno-
surveillance, transplantation, allergic response, and
autoimmune disease.

Part V. Obtaining Oxygen, Nutrients,
and Energy

Chapter 20 focuses upon the respiratory system with
discussion of high flying, low diving, smoking, and
air pollution. In Chapter 21 the journey of a meal



through the digestive system is traced. Chapter 22
focuses upon the required nutrients and how they
are utilized by the cells of the body. Emphasis is
placed on the integration of carbohydrate, lipid, and
protein metabolism, and concepts of nitrogen bal-
ance, energy balance, basal metabolic rate, and nutri-
tional imbalance are introduced.

Part VI. Regulation of Fluids
and Electrolytes

Chapter 23 focuses on the urinary system with em-
phasis on the homeostatic function of the kidneys.
Chapter 24 is devoted to fluid and electrolyte bal-
ance. It is here that information dispersed through-
out many other chapters is brought together and
synthesized.

Part VII. Perpetuating the Human Species

The male and female reproductive systems are dis-
cussed in Chapter 25 with emphasis on reproductive
physiology and endocrinology. Chapter 26 is devoted
to human development and includes discussion of
the birth process, circulatory changes that take place
at birth, environmental effects on the embryo, the
human life cycle, and the aging process. Human ge-
netics is discussed in Chapter 27 with emphasis on
chromosomal abnormalities and gene defects.

LEARNING AIDS

To help the student succeed in mastering the princi-
ples of anatomy and physiology, a variety of peda-
gogical devices have been employed.

Part introductions give an overview of the
general content of the component chapters.

A chapter outline at the beginning of each
chapter shows the student how the material is orga-
nized and divides the material into workable units.

Learning objectives at the beginning of each
chapter indicate exactly what the student must be
able to do to demonstrate mastery of the material in
the chapter.

Key terms at the beginning of each chapter in-
clude definitions, phonetic pronunciations, and,
where appropriate, information about word roots
that are apt to recur.

Clinical material in the running text that is not
essential for understanding the concept being dis-
cussed is set off by a color screen. In many cases such
clinical information helps to reinforce descriptions of
normal processes by describing pathologic conditions
that occur when a system fails to function homeo-
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statically. Should the instructor choose to eliminate
such clinical highlights, however, the color screen
permits easy identification.

Numerous tables (many of them illustrated)
are used throughout the text to organize and sum-
marize material presented in the text. In some cases,
for example in the muscle chapter and circulation
chapter, tables are utilized to present anatomic mate-
rial in concise and manageable form.

Boxes are used both to present enrichment
material, e.g., extensive treatments of clinical appli-
cations of physiological concepts, and to present top-
ics such as glycolysis in greater depth.

Numerous diagrams present conceptual mate-
rial presented in the text.

Medical illustrations have been carefully de-
signed to help the student accurately visualize de-
scriptions of structures described in the text. Many
are in full color.

Photomicrographs, scanning and transmission
electron micrographs, roentgenograms, CT scans,
and photographs of clinical interest are included to
illustrate topics discussed in the text.

A summary in outline form at the end of each
chapter helps the student to review the main ideas
presented in the chapter.

An objective post test is included at the end of
each chapter so that the student can evaluate his or
her mastery of concepts presented in the chapter and
set forth in the objectives. Answers are provided at
the back of the book.

Review questions at the end of each chapter
give the student the opportunity to check under-
standing of concepts, and to synthesize some of the
material presented.

A glossary of terms is included in the com-
bined Glossary—Index.

An appendix on exercise physiology is in-
cluded.

An appendix on common prefixes, suffixes,
and word roots is included.

Additional pedagogical aids may be found in
specific chapters. For example, an index of muscles
in Chapter 9 keys muscles to tables and illustrations
within that chapter, enabling students to easily locate
a specific muscle in the functionally arranged de-
scriptions.

SUPPLEMENTARY MATERIALS

The Study Guide that accompanies the text has been
designed around the learning objectives. Each chap-
ter includes a list of key concepts, a scientific vocabu-
lary matching test, questions testing mastery of each
learning objective, a test evaluating overall mastery
of the chapter, and a set of comprehension questions.
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Answers are provided to all questions and tests. In-
cluded are diagrams for the student to label and
crossword puzzles at the end of each unit.

The Instructor’s Manual includes suggestions for
course organization and lists of reference works and
audiovisual sources. For each chapter, there is an
overview, as well as suggestions for enrichment in-
cluding readings and film, clinical applications, topics
for class discussion, and essay questions.

The Test Bank includes both chapter and unit
tests. Answers are provided for all questions. Tests are
presented in such a way that the instructor can du-
plicate them directly from the printed page.

A set of overhead transparencies includes two-
and four-color illustrations chosen and designed for
optimum utility in the classroom and laboratory.
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organization of the body

The human body is much more than the sum of its parts. We will begin our study of
human anatomy and physiology with an introduction to the human body as it really
is—an integrated, functioning organism. Immediately thereafter we will begin to
study its parts, and this detailed consideration will occupy the greater part of this
book. The body consists of countless parts, most of them moving parts that function
with great mechanical or chemical subtlety, working together to perform countless
specialized tasks with marvelous precision.

In studying so many details it is all too easy to lose sight of the forest because of
the trees. We must understand the construction and function of each part, but we
must also keep in mind how these parts are organized to form a living, breathing,
thinking, and feeling human organism.

In Chapter 1 we will study the body as a whole—its systems, regions, and some
of its basic physiological mechanisms. Here we will become acquainted with the lev-
els of organization of the world within. The chemical level of organization will be
discussed in Chapter 2, and many of the compounds that make up the body will be
described, In Chapter 3 we will study the cell, the basic building block of the body, and
its parts. How cells organize to form tissues will be the subject of Chapter 4. Finally, in
Chapter 5, we will end this unit with the study of a body system, the integumentary
system, which consists of the skin and its associated structures.



CHAPTER OUTLINE
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What are anatomy and physiology?

The requirements of life

The characteristics of life

The organization of life

The body systems

. Protective covering

. Support and movement

. Integration and regulation

. Running the machinery of the

body

E. Reproduction

Homeostasis

A. Feedback systems

B. An example of homeostasis: Reg-
ulation of body temperature

C. An example of homeostasis: Reg-
ulation of blood-sugar level

Plan of the body

. The general directions

. Body planes and sections

. Body regions

. Body cavities

Integrating body structure
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LEARNING OBJECTIVES

After you have studied this chapter you
should be able to:

1. Define anatomy and physiology and
identify their subdisciplines, as given
in this chapter.

2. Describe six requirements of life.

Describe six characteristics shared by
living organisms.

List in sequence the levels of biologi-
cal organization in the human body,
starting with the simplest (the atom)
and ending with the most complex
(the organism).

5 List the functions and homeostatic
capabilities of the ten principal organ
systems.

i. Define homeostasis and tell why itis a
basic functional mechanism of human
physiology, giving examples.

/. Describe the anatomical position.

. Define and use properly the principal
orientational terms employed in
human anatomy.

9. Draw or identify on diagrams sagittal,
transverse, and frontal sections of
body structures such as blood vessels
or the brain.

Define and locate the principal re-

gions and cavities of the human body.

SOME KEY TERMS

ANATOMY (uh-nat-uh-me) The science that
deals with the structure of living
things and the relation of their parts;
the study of anatomy often involves
dissecting body parts. (ana-, apart +
tom, cut)

CEPHALIC (se-fal-ik) Pertaining to the head.
(cephal, head + -ic, pertaining to)
HOMEOSTASIS  (home-ee-oh-stay-sis) The
balanced internal environment of the
body; the automatic tendency of an
organism to maintain such a steady
state. (homeo-, same + stas, stand +

-is, indicates a noun)

INFERIOR (in-feer-ee-ur) Lower; applied to
structures nearer the feet than the
head. (inferior, lower)

LATERAL (lat-ur-ul) Pertaining to the side;
situated away from the midline of the
body. (lateral, side)

MEDIAL (med-dee-ul) Toward the midline
of the body as opposed to lateral.
(medi, middle)

METABOLIEM (meh-tab-oh-lizm) The sum
of all chemical reactions that take
place within an organism. (metabol,
change + -ism, indicates a process)

ORGAN (or-gun) A differentiated part of an
organism consisting of tissues orga-
nized to perform a specific function,
e.g., the heart or stomach. f{organ,
instrument)

PHYSIOLOGY (fiz-ee-ol-uh-jee) The science
that deals with the functions of living
organisms or their parts. (physiologia,
the study of nature)

SAGITTAL (sadj-i-tul) Refers to a section or
plane through the body that divides
the body into right and left parts. The
term may also be applied to an organ
or other body part. (sagitta, arrow)

SUPERIOR (sue-peer-ee-ur) Higher; applied
to structures nearer the head than the
feet. (super, above)

VISCERA (vis-ur-uh) The organs located
within the body cavities. (singular,
viscus, body organ)
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4 organization of the body

Imagine that you have purchased a new car. You
have taken all of your family and friends for rides,
you have lifted the hood and made knowing com-
ments about the engine for the benefit of your neigh-
bors, you have filed the official papers in a safe place,
and still, you just cannot get that beautiful new char-
iot out of your head. You settle down in an easy
chair, turn on the light, and begin to read the own-
er’s manual.

You may or may not own a car, but one thing is
certain: you do have a body. This book can be consid-
ered an owner’s manual for the human body. Al-
though this machine may have a remarkably good
performance record, it is irreplaceable at any price
and has no manufacturer’s warranty. It seems only
sensible to study the body and learn how it works.

WHAT ARE ANATOMY AND PHYSIOLOGY?

The study of body structure is the science of anat-
omy; the study of its function, or how it works, is
physiology. Both are broad fields with many subdi-
visions. Gross anatomy, for example, deals with
organs and structures of the body that can be studied
by dissection, whereas microscopic anatomy, the
study of tissues, is known as histology. The study of
the structure of individual cells is called cytology.
Embryology is the study of the development of the
organism before birth, and pathology is the study of
disease processes. In our study of the human body
we shall deal with all these subdisciplines.

Medical science is an applied form of anatomy
and physiology that uses the findings of anatomists
and physiologists to maintain health and treat dis-
ease (Fig. 1-1). Some of the branches of medical sci-
ence are defined in Box 1-1.

The anatomy and physiology of the body are in-
tricately interrelated. Each structure is perfectly
adapted for carrying out its specific function. For ex-
ample, the muscular walls of the heart are especially
constructed for pumping blood from its hollow
chambers. The blood is forced into large blood vessels
with elastic walls that permit the vessels to expand as
they fill with blood and then snap back to normal
size. Between the chambers of the heart, flaplike
valves prevent the blood from flowing backward.
Look for the relationships between the structure and
function of the body parts you are studying. Try to
understand how the size, shape, and structure of
each part is related to the job it must perform.

THE REQUIREMENTS OF LIFE

An appropriate environment is necessary for life to
exist and thrive. From their surroundings humans
must be able to obtain the following:

FIGURE 1-1 Medical science is an applied form of anatomy and
physiology. During the past few decades knowledge of anat-
omy and physiology gained through research has contributed
to the development of improved and more sophisticated
methods of diagnosing and treating disease. Here a patient is
being prepared for CT scanning. This is a process in which
x-ray equipment is combined with a computer and cathode-
ray tube to produce images of cross sections through the
body. The image may be viewed on a television screen called
the physician’s console as shown in the illustration. For further
information on CT scanning read Box 1-2. (Courtesy of Morton
B. Plant Hospital, Clearwater, Florida)

1. Water. Water is not only essential to life, it is
part of life. The human body consists of more than
60% water by weight. Most of the chemical activities
essential to human life take place in a watery me-
dium. Each day we lose water in urine, sweat, and
exhaled air. This fluid loss must be replaced by drink-
ing liquids and eating foods containing water.

2. Food. Our food consists mainly of plants or
animals that have eaten plants. (Even if we eat rattle-
snake meat, the snake fed on mice that lived mainly
on plant products such as seeds.) The food we con-
sume is broken down into chemical substances
needed by each of the body cells (microscopic build-
ing blocks of the body). These substances are used
either as raw materials to make new chemical sub-
stances and body parts or as fuel molecules that cells
break down in order to obtain energy.

3. Oxygen. Oxygen is a gas that makes up about
20% of our atmosphere. Like most living cells, those



