| NINTH EDITION

PRINCIPLES OF ANATOMY AND PHYSIOLOGY




PRINCIPLES OF

ANATOMY AND PHYSIOLOGY

NINTH EDITION

Gerard J. Tortora
Bergen Community College

Sandra Reynolds Grabowski
Purdue University

I | !
\.‘
‘ I |
i [|
! i 10N

Y2000427
JOHN WILEY & SONS, INC.

New York ¢ Chichester » Weinheim ¢ Brisbane * Singapore ¢ Toronto



Illustration and photo credits follow the Glossary.

About The Cover

The cover was created by Kevin Somerville, a well-known contemporary medical illustrator
who also has contributed many new drawings to the seventh, eighth, and ninth editions.
Somerville was inspired by Leonardo DaVinci’s so-called Great Lady Anatomy, drawn
about 1508. Though DaVinci’s drawing was beautiful, we now know that it was anatomi-
cally incorrect. By melding an aged appearance with contemporary science, Somerville
reminds us of a long, highly valued tradition in medical illustration: the commitment to
both beauty and accuracy in the study of human anatomy and physiology.

This book was typeset by GTS Graphics and printed and bound by Von Hoffmann Press, Inc. The
cover was printed by Von Hoffman Press, Inc.

The paper in this book was manufactured by a mill whose forest management programs include
sustained yield harvesting of its timberlands. Sustained yield harvesting principles ensure that the
number of trees cut each year does not exceed the amount of new growth.

This book is printed on acid-free paper.
Copyright © 2000 by Biological Sciences Textbooks, Inc. and Sandra Reynolds Grabowski

This title published by John Wiley & Sons, Inc.

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any
form or by any means, electronic, mechanical, photocopying, recording, scanning or otherwise,
except as permitted under Sections 107 or 108 of the 1976 United States Copyright Act, without
either the prior written permission of the Publisher or authorization through payment of the appro-
priate per-copy fee to the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923,
(508) 750-8400, fax (508) 750-4470. Requests to the Publisher for permission should be addressed to
the Permissions Department, John Wiley & Sons, Inc., 605 Third Avenue, New York, NY 10158-0012
(212) 805-6008, E-mail: PERMREQ@WILEY.COM. To order books or for customer service call 1-
800-CALL-WILEY (225-5945).

>

Library of Congress Cataloging-in-Publication Data
Tortora, Gerard J.
Principles of anatomy and physiology / Gerard J. Tortora, Sandra
Reynolds Grabowski. — — 9th ed.
p. cm.
ISBN 0-471-36692-7
1. Human physiology. 2. Human anatomy. I. Grabowski, Sandra
Reynolds. II. Title.
QP34.5.T67 2000 99-31201
612--dc21 CIP

Printed in the United States of America.
1098 7



ABOUT THE AUTHORS

Gerard J. Tortora is Professor
of Biology at Bergen Commu-
nity College in Paramus, New
Jersey, where he teaches human

! anatomy and physiology as well
as mlcroblology The author of several best-selling science
textbooks and laboratory manuals, Jerry is devoted first and
foremost to his students and their aspirations. In recognition
of this commitment, he was named Distinguished Faculty
Scholar at Bergen Community College. In 1996 Jerry re-
ceived a National Institute for Staff and Organizational De-
velopment (NISOD) excellence award from the University of
Texas, and he was selected to represent Bergen Community
College in a campaign to increase awareness of the contribu-
tions of community colleges to higher education.

Sandra Reynolds Grabowski
is an instructor in the Depart-
ment of Biological Sciences at
Purdue University in West
Lafayette, Indiana. For more
than 20 years she has taught hu-
man anatomy and physiology
to students in a wide range of
academic programs. In 1992 students selected her as one of
the top ten teachers in the School of Science at Purdue.

Jerry received his bachelor’s degree in biology from
Fairleigh Dickinson University and his master’s degree in
science education from Montclair State College. He is a
member of many professional organizations, such as the Hu-
man Anatomy and Physiology Society (HAPS), the Ameri-
can Society of Microbiology (ASM), the American Associa-
tion for the Advancement of Science (AAAS), the National
Education Association (NEA), and the Metropolitan Associ-
ation of College and University Biologists (MACUB).

To my wife, Melanie, and to my children, Christopher,
Anthony, and Andrew, who make it all worthwhile. — G.J.T.

Sandy received her BS in biology and her PhD in neuro-
physiology from Purdue. She is an active member of the Hu-
man Anatomy and Physiology Society (HAPS), served as ed-
itor of HAPS News from 1990 through 1992, and was elected
to serve a 3-year term as President Elect, President, and Past
President from 1992 to 1995. In addition, she is a member of
the American Association for the Advancement of Science
(AAAS), the Association for Women in Science (AWIS), the
National Science Teachers Association (NSTA), and the Soci-
ety for College Science Teachers (SCST).

To my students, who continually inspire improvements in this
work by the suggestions they make and the questions they ask.
—S.R.G.



aly -

The study of human anatomy and physiology is an inquvi“lly‘
into the fascinating complexity of one’s body. An anatomy
and physiology course is a gateway to a rewarding career in a
host of health-related fields, Massotherapy, and athletic
training, and it provides a foundation for advanced scientific
studies. Remaining true to the heritage of its predecessors,
we wrote the ninth edition of Principles of Anatomy and
Physiology to meet the exacting requirements of introduc-
tory anatomy and physiology courses. As educators, we offer
this edition fully confident that it will advance the personal
and professional aspirations of all its readers.

CORE VALUES

Over the years, our students have taught us to value sim-
plicity, directness, and the power of clear illustrations. The
noteworthy success of previous editions of this book, and its
transformation into a standard-bearer in education, is a tes-
tament to the fact that many of our colleagues value these
qualities too. Chapter after chapter, we built our core teach-
ing values into Principles of Anatomy and Physiology by pro-
viding:
¢ clear, compelling, and up-to-date discussions of anatomy

and physiology
* expertly executed and generously sized art
¢ classroom-tested pedagogy
* outstanding student study support.

Although this book offers a host of useful features that will
appeal to a variety of learning styles, experience has taught us
that features alone will not help students learn unless every
discussion is easy to understand. By any measure, we trust
that students will find the ninth edition of Principles of
Anatomy and Physiology to be easier than ever to read.

CORE PRINCIPLES

Human anatomy and physiology is a formidable body of
knowledge to present in an introductory course, and master-

ing the subject can require a great deal of memory work on a
student’s part. We have woven several interrelated strands of
information throughout the ninth edition to fulfill the fol-
lowing three aims: helping readers develop a working knowl-
edge of the subject, enabling them to use anatomical and
physiological terminology confidently, and highlighting the
practical application of anatomical and physiological con-
cepts to students’ career choices or in their everyday lives.

Introducing Homeostasis The dynamic physiological
constancy known as homeostasis is the cardinal theme in
Principles of Anatomy and Physiology. We immediately intro-
duce this unifying concept in Chapter 1 and describe how
various feedback mechanisms work to maintain physiologi-
cal processes within the narrow range that is compatible with
life. Homeostatic mechanisms are discussed throughout the
book, and homeostatic processes are clarified and reinforced
through our well-received series of homeostasis feedback il-
lustrations. Moreover, we believe students can better under-
stand normal physiological processes by examining situa-
tions in which those processes are undermined by diseases or
disorders. The “Disorders: Homeostatic Imbalances” sec-
tions at the end of most chapters include concise discussions
of major diseases and disorders that illustrate departures
from normal homeostasis.

Laying a Foundation of Basic Science From the out-
set, students need to understand how individual structures
relate to the composition of the entire body. For this reason,
we introduce anatomical nomenclature such as regional
names, directional terms, and the planes and sections that
enable students to precisely describe the relationship of one
body structure to another. We believe, too, that students
learn more readily when they fully appreciate the chemical
and cellular basis of anatomy and physiology. Accordingly,
we extensively clarified and updated the chemistry and cellu-
lar biology coverage in the ninth edition to reflect current
thinking on these subjects. Beautiful new three-dimensional
illustrations of cellular structures and chemical processes
complement this coverage.



Correlating Structure and Function Years of student
feedback have convinced us that readers learn anatomy and
physiology more readily when they remain mindful of the
relationship between structure and function. The challenge,
of course, is to correlate structure and function without
overwhelming readers with extraneous details about either.
As a writing team—an anatomist and a physiologist—our
very different specializations offer practical advantages in
fine-tuning the balance between anatomy and physiology.
Throughout three editions, we have collaborated to clarify
and refine discussions of the relationship between structure
and function in each chapter.

Building a Professional Vocabulary Students—even
the best ones—generally find it difficult at first to read and
pronounce anatomical and physiological terms. Moreover,
as educators we are sympathetic to the needs of the growing
ranks of college students who speak English as a second lan-
guage. For these reasons, we have striven since the book’s in-
ception to ensure that it has a strong and helpful vocabulary
component.

ORGANIZATION

The book follows the same unit and topic sequence as its
eight earlier editions. It is divided into five principal sections:
Unit 1, “Organization of the Human Body,” provides an un-
derstanding of the structural and functional levels of the
body, from molecules to Grgan systems. Unit 2, “Principles
of Support and Movement,” analyzes the anatomy and phys-
iology of the skeletal system, artﬁ%ula’&dﬂs, and the muscular
system. Unit 3, “Control Systems of the Human Body,” em-
phasizes the importance of neural communication in the im-
mediate maintenance of homeostasis, the role of sensory re-
ceptors in providing information about the internal and
external environment, and the significance of hormones in
maintaining long-term homeostasis. Unit 4, “Maintenance
of the Human Body,” explains how body systems function to
maintain homeostasis on a moment-to-moment basis
through the processes of circulation, respiration, d;gestlon,
cellular metabolism, urinary functions, and buffer?systerm
Unit 5, “Continuity,” covers the anatomy and physiology of
the reproductive systems, development, and the basic con-
cepts of genetics and inheritance.

SPECIAL TOPICS

Developmental Anatomy We often tell our students that
they can better appreciate the “logic” of human anatomy by
becoming aware of how various structures developed in the
first place. As in previous editions, illustrated discussions of
developmental anatomy are found near the conclusion of
most body system chapters. Placing this coverage at the end
of chapters enables students to master the anatomical termi-

Preface v

nology they need before attempting to learn about embry-
onic and fetal structures. The fetus icon designates the start
of each discussion.

Aging Students need to be reminded from time to time
that anatomy and physiology is not static. As the body ages,
its structure and related functions subtly change. Moreover,
aging is a professionally relevant topic for the majority of this
book’s readers, who will go on to careers in health-related
fields in which the average age of the client population is
steadily advancing. For these reasons, many of the body sys-
tem chapters explore age-related changes in anatomy and
physiology at the end of most chapters.

Exercise Physical exercise can produce favorable changes
in some anatomical structures and enhance many physiolog-
ical functions, most notably those associated with the mus-
cular, skeletal and cardiovascular systems. This information
is especially relevant to readers embarking on careers in
physical education, sports training, and dance. Hence, key
chapters include brief discussions of exercise, which are sig-
naled by a distinctive “running shoe” icon.

IMPROVED COVERAGE

Every chapter in the ninth edition of Principles of
Anatomy and Physiology incorporates a host of improve-
ments to both the text and the art, many suggested by re-
viewers, educators, and students. In addition, most chapters
offer new Clinical Applications. Complete discussions of the
improvements we made to each chapter are available in the
Professor’s Resource Manual to the ninth edition. Here are
just some of the more noteworthy changes:

Chapter 3: The Cellular Level of Organization This
foundational chapter was updated from front to back to re-
flect the latest thinking in cell biology. Students will benefit
in particular from improved coverage of the plasma mem-
brane and membrane transport mechanisms. Virtually every
figure has been redrawn in a new, v1brant three dimensional
style. R il \itny

Chapter 4: Tissues The much-imitated tissue tables in
this chapter were redesigned to improve student compre-
hension of hlstology Now, every photomicrograph is ac-
companied by an infterpretiye illustration. We have added an
orientation diagram Hext to each photomicrograph that in-

dicates a location where a particular tissue type occurs in the
body.

Chapter 9: Joints We clarified and strengthened this
chapter by reorganizing the coverage according to the struc-
tural properties of joints and by offering more comprehen-
sive coverage of movements at synovial joints. Students will
benefit from new illustrated Exhibits that focus on the com-
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ponents and mechanics of four major joints: shoulder, el-
bow, hip, and knee. The improved coverage is further accen-
tuated by clear and consistently stylized new range-
of-motion photographs.

Chapter 10: Muscle Tissue We reorganized and rewrote
this chapter to provide clearer, simpler, and up-to-date ex-
planations of the mechanics and physiology of muscle tissue.
New, generously sized, three-dimensional illustrations of
muscle tissue and its components complement our enhance-
ments to this chapter’s coverage.

Chapter 11: The Muscular System The hallmark mus-
cle Exhibits now feature a narrative tour of each muscle
group. Clinical Applications are easier to spot, and a new fea-
ture, Relating Muscles to Movements, encourages readers to
group related muscles according to their common actions.
Innervation information now is provided in the discussion, a
change that makes each Exhibit’s table simpler and easier to
study.

Chapter 16: The Special Senses New three-dimensional
drawings of major sensory organs by noted science illustra-
tor Tomo Narashima superbly enhance the content and util-
ity of this chapter. The chapter also offers enhanced coverage
of extrinsic eye muscles and refraction abnormalities.

Chapter 21: Blood Vessels 1n this chapter’s Exhibits we
provide a more consistent level of detail when discussing the

A

arterial and venous circulation, especially in the limbs.\

Meticulously revised illustrations more clearly reveal the rel-
evant blood vessel anatomy, and extended flow diagrams
visually reinforce learning of relevant anatomy and blood
vessel pathways.

HALLMARK FEATURES
OF THE NINTH EDITION

The ninth edition of Principles of Anatomy and Physiol-
ogy builds on the legacy of thoughtful and clearly designed
features that distinguished its predecessors. Some regular
features are totally redesigned for this edition. For example,
the tables are easier to read and use and are now labeled as
Tables. The term “Exhibit” is now reserved for a new, self-
contained feature (described next). Some features are com-
pletely new. Here are the most noteworthy changes and ad-
ditions:

More Helpful Exhibits Students of anatomy and physiol-
ogy need extra help learning the numerous structures that
constitute certain body systems—most notably skeletal
muscles, articulations, blood vessels, and nerves. As in previ-
ous editions, the chapters that present these topics are or-
ganized around Exhibits, each of which consists of a newly

expanded overview, a tabular summary of the relevant
anatomy, and an associated suite of illustrations or photo-
graphs. Each Exhibit is prefaced by an Objective and closes
with a Review Activity. We trust you will agree that our newly
revised Exhibits, along with their spacious new design, make
them ideal study vehicles for learning anatomically complex
body systems.

Updated Clinical Focus A perennial favorite among stu-
dents, the numerous Clinical Applications in every chapter
explore the clinical, professional, or everyday relevance of a
particular anatomical structure or its related function. Some
applications are new to this edition, and all have been re-
viewed for accuracy and relevance by a consulting panel of
nurses. Each application directly follows the discussion to
which it relates. Additionally, the Homeostatic Imbalances
discussions found at the conclusion of most chapters have
been updated and simplified.

New or Revised Study Tools 1In response to students’
and instructors’ requests, we’ve added focused Student Ob-
jectives to the beginning of major sections of reading
throughout each chapter. Complementing this change, new
Review Activities appear at strategic intervals within chap-
ters to give students the chance to validate their understand-
ing as they read. As always, readers will benefit from the pop-
ular end-of-chapter Study Outline that is page referenced to
the chapter discussions.

New study tools include the end-of-chapter Self-Quiz
Questions written in a variety of styles that are calculated to
appeal to readers’ different testing preferences. Another new
feature, Critical Thinking Questions, asks readers to apply
concepts to real-life situations. The style of these questions
ought to make students smile on occasion as well as think!
Answers to the Self-Quiz and Critical Thinking Questions
are located in Appendix D. Finally, the new Student Com-
panion CD-ROM located inside the back cover provides a
host of new interactive learning activities and testing oppor-
tunities.

Study Tools for Mastering Vocabulary Every chapter
highlights key terms in boldface type. We include pronun-
ciation guides when major, or especially hard-to-pro-
nounce, structures and functions are introduced in the dis-
cussions, Tables, or Exhibits. Word roots citing the Greek or
Latin derivations of anatomical terms are offered as an addi-
tional aid. As a further service to readers, we provide a list of
Medical Terminology at the conclusion of most chapters,
and a comprehensive Glossary at the back of the book. The
basic building blocks of medical terminology—Combining
Forms, Word Roots, Prefixes, and Suffixes—are listed in-
side the back cover. Finally, the new Student Companion
CD-ROM includes an audio pronunciation dictionary.



ENHANCEMENTS TO THE
ILLUSTRATION PROGRAM /i

Teaching human anatomy and physiology is both a vi-
sual and a descriptive enterprise. Countless students have
now benefited from 'the detailed and generously propor-
tioned bone and muscle art that characterizes our book.
Continuing in this tradition, you will find exciting new
three-dimensional illustrations gracing the pages of Chapter
3, The Cellular Level of Organization, and Chapter 16, The
Special Senses. Beyond this, over twenty-five percent of the
art is new to this edition, and nearly every figure has been re-
vised or improved in some way. Here are some of the new, as
well as the tried-and-true, features of our illustration pro-
gram:

New Histology-Based Art As part of our plan of contin-
uous improvement, many of the anatomical illustrations
based on histological preparations have been replaced in this
edition. See, for example, the beautifully rendered illustra-
tion of the layers of the gastrointestinal tract on page 820 or
the new illustration of the interior of the eye on page 519.

Revised Feedback Loop Illustrations As in editions
past, this popular series of illustrations (see page 8) captures
and clarifies the body’s dynamic counterbalancing act in
maintaining homeostasis. We subtly revised the feedback
loops in the ninth edition to visually accentuate the roles that
receptors, control centers, and effectors play in modifying a
controlled physiological condition.

Helpful Orientation Diagrams Students sometimes need
help figuring out the plane of view of anatomy illustrations
—descriptions alone do not always suffice. Every major
anatomy illustration is accompanied by an orientation dia-
gram that depicts and explains the perspective of the view
represented in the figure.

Key Concept Statements This art-related feature sum-
marizes an idea that is discussed in the text and demon-
strated in a figure. Each Key Concept Statement is positioned
adjacent to its figure and is denoted by a distinctive “key”
icon.

Revised Figure Questions This highly applauded feature
asks readers to synthesize verbal and visual information,
think critically, or draw conclusions about what they see in a
figure. Each Figure Question appears adjacent to its illustra-
tion and is highlighted in this edition by the distinctive “Q”
icon. Answers are located at the back of each chapter.

Functions Banners This feature succinctly lists the func-
tions of an anatomical structure or body system depicted
within a figure (see page 915). This juxtaposition of text and
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art further reinforces the connection between structure and
function.

Cadaver Photos As before, we provide an assortment of
large, clear cadaver photos at strategic points in many chap-
ters. What is more, many anatomy illustrations are keyed to
the large cadaver photos available in A Photographic Atlas of
the Human Body, by Gerard J. Tortora. This new atlas is avail-
able through John Wiley & Sons, Inc. Tk i

COMPLETE TEACHING AND

LEARNING PACKAGE

Continuing the tradition of providing a complete teach-
ing and learning package, the ninth edition of Principles of
Human Anatomy and Physiology is available with a host of
carefully planned supplementary materials that will help you
and your students to attain the maximal benefit from our
textbook. Complete descriptions of the supplements in the
following list can be found on the inside front cover. Please
contact your Wiley sales representative for additional infor-
mation about any of these resources.

For Instructors:

* Professor’s Resource Manual by Jerri K. Lindsey
(0-471-37466-0)

¢ Electronic Lecture Guide (0-471-37460-1)

* Printed Test Bank by Pamela Langley
(0—471-37469-5)

* Microtest Computerized Test Bank (Mac:
0-471-37464—4; Win: 0-471-37465-2)

 Instructor’s Presentation CD-ROM (0—471—37459—8)

+ Full-color Overhead Transparencies
(0—471-37463—6)

For Students:
+ Student Companion CD-ROM—free, at back of book

* Learning Guide by Kathleen Schmidt Prezbindowski
(0—-471-37467-9)

+ Illustrated Notebook (0—471—37468-7)

+ Tortora/Grabowski Web Site at
http://www.wiley.com/college/tortora

* Photographic Atlas of the Human Body by Gerard
Tortora (0-471-37487-3)

* A Brief Atlas of the Human Skeleton—accompanies the
text

Like each of our students, this book has a life of its own. The
structure, content, and production values of Principles of
Anatomy and Physiology are shaped as much by its relation-
ship with educators and readers as by the vision that gave
birth to the book nine editions ago. Today you, our readers,
are the “heart” of this book. We invite you to continue the
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tradition of sending in your suggestions to us so that we can
include them in the tenth edition.

Gerard J. Tortora

Department of Science and Health, $229
Bergen Community College

400 Paramus Road

Paramus, NJ 07652

Sandra Reynolds Grabowski
Department of Biological Sciences

1392 Lilly Hall of Life Sciences

Purdue University

West Lafayette, IN 47907-1392

email: SGrabows@bilbo.bio.purdue.edu
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TO THE STUDENT

SIX STEPS TO SUCCESSFUL LEARNING!

A Visual Guide to Principles of Anatomy and Physiology

Your book has a variety of special features to help you learn anatomy
and physiology successfully and confidently. Each feature has been
developed and refined based on feedback from the students and instruc-
tors who used previous editions. Here is a student-tested, step-by-step
method for mastering the study of anatomy and physiology.

ANTICIPATE

A preview reading of the
Study Outline at the end
of the chapter will help

—_—

you recognize the impor-
tant concepts you are
about to explore. Use this
balanced synopsis to
acquaint yourself with the
topics of the chapter.

N

N o

—

PECTORAL (SHOULDER) GIRDLE (p. 218)
. Each pectoral (shoulder) girdle consists of a clavicle and scapula.
. Each pectoral girdle attaches an upper limb to the axial skeleton.

UPPER LIMB (p. 221)

« There are 60 bones in the two upper limbs.
. The bones of each upper limb include the humerus, the ulna, the

radius, the carpals, the metacarpals, and the phalanges.

PELVIC (HIP) GIRDLE (p. 224)

. The pelvic (hip) girdle consists of two hip bones.

2. The female pelvis is adapted for pregnancy and childbirth. Gen-
der-related differences in pelvic structure are listed and illus-
trated in Table 8.1.

COMPARISON OF PECTORAL AND PELVIC
GIRDLES (p. 231)

. The pectoral girdle does not directly articulate with the vertebral
column; the pelvic girdle does.

. The glenoid fossae of the scapulae are shallow and maximize
movement; the acetabula of the hip bones are deep and allow
less movement.

I

SCAN

Examine the figures before reading a
chapter. Study all the parts of a figure

4
and read the labels carefully to famil-
iarize yourself with the anatomical or /
physiological concepts it portrays.

Start by reading the legend, which ex-
plains what the figure is about. Next,
study the key concept statement,

which reveals a basic idea portrayed ir/
the figure. The orientation diagram

located alongside some anatomy fig-
ures shows you the viewing angle of
the featured image or where the struc-
ture is found in the body. Finally, con-

sider the figure question, which asks /

you to draw conclusions about the fig-
ure. (Answers are at the end of the
chapter.)

Figure 3.4.)

4

moid bone, the vomer, and septal cartilage.
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What is the function of the nasal septum?
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Figure 7.14 Nasal septum. (See Tortora, A Photographic Atlas of the Human Body,

The structures that form the nasal septum are the perpendicular plate of the eth-
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xii  To the Student

READ

Start reading the chapter. Notice the follow-
ing aids that are built in to help you learn:

ANATOMY AND
PHYSIOLOGY DEFINED
OBJECTIVE

* Define anatomy and physiology, and name several sub-
disciplines of these sciences.

Two branches of science—anatomy and physiology—
provide the foundation for understanding the body’s parts
and functions. Anatomy (a-NAT-6-mé; ana- = up; ~tomy =
process of cutting) is the science of body structures and the
relationships among structures. Anatomy was first studied
by dissection (dis-SEK-shun; dis- = apart; -section = act of
cutting), the careful cutting apart of body structures to study
their relationships. Nowadays, many imaging techniques
also contribute to the advancement of anatomical knowl-
edge. We will compare some common imaging techniques

Student objectives reveal what you should learn from
each major section.

— A term in boldface is your signal that a word and the
ideas associated with it are important to learn.

Pronunciation guides appear after the most important
or hard-to-pronounce terms.

Some terms are followed by word roets, which can help
you remember a term by telling you about its original
— meaning or how it is put together.

If you are unsure about the meaning of anatomy and

physiology terms, check the glossary at the back of the
book.

Figure 3.10 Facilitated diffusion of glucose across a
plasma membrane. The transporter (GluT) binds to glucose
in the extracellular fluid and releases it into the cytosol.

Facilitated diffusion across a membrane requires a
transporter but does not use ATP,

|| Extracellular fluid

[l Plasma membrane "] Cytosol

Glucose

“’ Transporter (GIuT) ’
© ® cocenvaion 4 @

gradient

Kinase
GlucosN
a@»>-0®

Glucose 6-phosphate

f,::x What factors determine the rate of facilitated diffusion?

Solutes that move across plasma membranes by facili-
tated diffusion include glucose, urea, fructose, galactose, and
some vitamins. Glucose enters many body cells by facilitated
diffusion, as follows (Figure 3.10):

€ Glucose binds to a glucose transporter protein called
GluT at the extracellular surface of the membrane.
©® Gur undergoes a conformational change.

@ GIuT releases glucose on the other side of the mem-
brane.

After glucose enters a cell by facilitated diffusion, an enzyme
called a kinase attaches a phosphate group to produce a dif-
ferent molecule—namely, glucose 6-phosphate. This reac-
tion keeps the intracellular concentration of glucose very
low, so that the glucose concentration gradient always favors
facilitated diffusion of glucose into, not out of, cells.

In some places, you will find
keyed narratives that
correlate the steps of a
complex process

described in the reading
with an illustration

of that same process.



You will encounter brief clinical
applications. They will acquaint \
you with the clinical, profes-

sional, or personal significance

of the preceding discussion.

Concluding most chapters, you

will find Homeostatic Imbal-————>
ances, which are discussions of

diseases and disorders and how

these disrupt normal homeo-

static processes, and Medical
Terminology, a listing of related

terms that supplements terms

defined in the chapter.

MASTER THE EXHIBITS

To the Student «xii

Sprain and Strain

cnrqinad: tha lawar hacl ic

CLINICAL APPLICATION

A sprain is the forcible wrenching or twisting of a

joint that stretches or tears its ligaments but does
not dislocate the bones. It occurs when the ligaments are
stressed beyond their normal capacity. Sprains also may dam-
age surrounding blood vessels, muscles, tendons, or nerves. Se-
vere sprains may be so painful that the joint cannot be moved.
There is considerable swelling, which results from hemorrhage
of ruptured blood vessels. The ankle joint is most often

annthar fraomiant lacatinon far

RHEUMATISM AND ARTHRITIS

Rheumatism (ROO-ma-tizm) is any of a variety of painful
disorders of the supporting structures of the body—bones, liga-
ments, tendons, or muscles. Arthritis is a form of rheumatism in
which the joints have become inflamed. Inflammation, pain, and
stiffness may also involve adjacent muscles. Arthritis afflicts about
40 million people in the United States.

irritation of the joints, and wear and abrasion. It is commonly
known as “wear-and-tear” arthritis and is the leading cause of dis-
ability in older individuals.

Osteoarthritis is a progressive disorder of synovial joints, par-
ticularly weight-bearing joints. It is characterized by the deteriora-
tion of articular cartilage and by the formation of new bone in the

h dral areas and ar the marains of the inint The cartil

.
1

Three important classes of arthritis are (1) diffuse connecti
id arthritis, (2) d ive jol
s osteoarthritis, and (3) metabolic and endocrine df
iated arthritis, such as gouty arthritis.
Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune disease

tissue diseases, such as rh
disease, suc!
eases with ass

Osteoarthritis (0s'-té-6-ar-THRI-tis; arthr = joint) The degener-
ation of articular cartilage such that the bony ends touch; the
resulting friction of bone against bone worsens the condition.
Usually associated with the elderly.

Osteogenic sarcoma (os'-té-O-JEN-ik sar-KO-ma; sarcoma =
connective tissue tumor) Bone cancer that primarily affects

Some body systems contain scores of structures, to be memorized, which makes the
study of anatomy and physiology particularly challenging. To help, chapters that
present complex anatomy have special Exhibits. Each Exhibit is a self-contained learn-
ing exercise that consists of a narrative tour, a Table summarizing the structures to
learn, and a group of illustrations. Spend as much time as you need mastering one

Exhibit before moving to the next.

319 UNIT Two
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OF SUPPORT AND MOVEMENT

Huscles that Move the Tongue— Extrinsic Muscles (Figire 11.7)

CHARTER 1] TuE MUSCULAR System 320

INNERVATION

] R et Move ihe Tongue—Exirinsic Miscles (contimied) ]

« Describe the origin, insertion, action, and innervation of
the extrinsic muscles of the tonguie.

The tongie i¢ a highly mobile structure that is vital to diges-
tive functions such as mastication, perception of taste, and deglu-
tition (swallowing). It is also important in speech. The tongue’s
mobility is areatly alded by its suspension from the mandible, sty-
laid process of the temporal bane, and hyoid bone.

The tongue {s divided into lateral halves by a median fibrous
septum. The septum extends throughout the length of the tangue
and s attached inferiorly to the hyoid bane. Muscles of the tongue
are of two principal types: extrinsic and fitrinsic. Extrinsic mus-
cles originate outside the tangue and insert into it. They move the
entire tonque in various diections, such as anteriorly, posteriorly,
and laterally, Intrinsic muscles originate and insert within the
tongue, These muscles alter the shape of the tongue rather than
maving the entire tongue. The extrinsic and intrinsic muscles of
the tongue insert into both lateral halves of the tongue.

When you study the extrinsic muscles of the tongue, you will
notice that all of the names end in glossus, meaning tongue. You
will also notice that the actians of the muscles are obvious, con
sidering the: positions of the mandible, stylod process, hyoid
bone, and soft palate, which serve as origins for these muscles. For
example, the gentoglossus (ariginates on the mandible) pulls the
tongue downward and forward, the styloglossus (originates on
the styloid process) pulls the tongue upward and backward, the
hyoglossus (originates on the hyoid bone) pulls the tongue down-
ward and flattens it, and the palatoglossus (originates on the soft
palate) raises the back portion of the tongue.

Al muscles are innervated by the hygoglossal (XIT) cranial nerve,
except the palatoglossus, which is innervated by the pharyngeal
plexus, which contains axons from bath the vagus (X) and the ac-
cessory (KI) cranial nerves.

CLINICAL APPLICATION
Intubation During Anesthesia
When general anesthesia is administered during sur-

gery, a total relaxation of the genioglossus muscle
results, This causes the tangue to fall posteriorly, which may
abstruct the airway to the lungs. To.avoid this, the mandible is
either manually thrust forward and held in place, of a tube is
inserted fiom the fips through the {aryngopharynx (inferior
portion of the throat) into the trachea (endotracheal intuba-
tion). ®

RELATING MUSCLES TO MOVEMENTS

Afrange the muscles in this exhibit according to the following sc-
tions on the tongue: (1) depression, (2) elevation, (3) protraction,
and (4) retraction. The same muscle may be mentioned more than
once.

When your physician says, “Open your mouth; stick aut your tongue.
and say ahh," 0 she can examine the Inside of your mouth for pos.
sible signs of infection, which muscles do you contract?

MUSCLE ORIGIN INSERTION ACTION
Genfoglossus (J&"n&-0-GLOS-us;  Mandible. Undersurface of tongue and ty-  Depresses tongue and thrusts it
geneion = chin; glossus = oid bone, anteriorly (protraction).

tongue)
Styloglossus (st1'46-GLOS-us;
stylo = stake or pole; styloid
process of temporal bone)
Palatoglossus (pal"-a-16-6105-
us; palato = palate)

Anterior suiface of soft paate.

Hyogtossus (T-5-GLOS-us) Greater horn and body of hyaid

bone.

Stylofd pracess of temporal bone.

Side and undersurface of tongue.  Elevates tongue and diaws It

posterioly (retraction),
Side of tonaue. Elevates posterior portion of
tongue and draws soft palate
town on tongue.
Side of tongue. Depresses tongue and diaws
down its sides.

Figure 11.7 Muscles that move the tongue.

The extrinsic and intrinsic muscles of the tongue are arranged in both lateral
halves of the tongue.

Superior constrictor

STYLOGLOSSUS
Styloid process

of temparal bone PALATOGLOSSUS

Palating tonsil
Mastoid process.
ol temporal bone

Hard palate (cut)

(posterior belly)
Tongue
Middle constrictor

Stylohyoid
Stylopharyngeus
HYOGLOSSUS
Hyoid bone

GENIOGLOSSUS
Mandible (cut)
GENIOHYOID
Mylohyoid

Inferior constrictor

Intermediate
Thyraid cartiage of larynx

digastric

Fibraus loop for
Intermediate
tendon of digastric

(connegts hyoid
bone to farynx)

Right side deep view

@ What are the functions of the tongue?
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Figure 6.3 (continued)

Trabeculae

(b) Spongy bone trabeculae

As people age, some central (Haversian) canals may
become blocked. What effect would this have on the
osteocytes?

well organized. However, the trabeculae in spongy bone tis-
sue are precisely oriented along lines of stress, a characteris-
tic that helps bones resist stresses and transfer force without
breaking. Spongy bone tissue tends to be located where
bones are not heavily stressed or where stresses are applied
from many directions.

Spongy bone tissue is different from compact bone tis-
sue in two respects. First, spongy bone tissue is light, which
reduces the overall weight of a bone so that it moves more
readily when pulled by a skeletal muscle. Second, the trabec-
ulae of spongy bone tissue support and protect the red bone
marrow. The spongy bone tissue in the hip bones, ribs,
breastbone, backbones, and the ends of long bones is the
only site of red bone marrow and, thus, of hemopoiesis in
adults.

Space for red bone marrow

CHAPTER 6 THE SKELETAL SYSTEM: BONE TissUE 165

Osteocyte

Osteoclast

Interstitial lamellae

Osteoblasts aligned
along trabecula of
new bone

(c) Section of a trabecula

growth. Lighter areas are called “cold spots,” areas of de-
creased metabolism that absorb less of the radioactive tracer.
Cold spots may indicate problems such as degenerative bone
disease, decalcified bone, fractures, bone infections, Paget's
disease, and rheumatoid arthritis. A bone scan not only detects
abnormalities 3—6 months sooner than standard x-ray proce-
dures, it exposes the patient to less radiation. W

1. Why is bone considered a connective tissue?

2. Describe the four types of cells in bone tissue.

3. What is the composition of the matrix of bone tissue?

4. Distinguish between spongy and compact bone tissue
in terms of its microscopic appearance, location, and
function.

When you are finished, take the self-quiz, which poses ques-
tions in a variety of testing styles. (Answers are in Appendix D.)

VALIDATE

As you read, answer the
numbered review activities,
which validate your under-
standing of the student
objectives.

Complete the following:
1. Whereas the ___ of bone depends on the crystallized mineral
salts, the collagen fibers and other organic molecules provide

bone with .

. Compact bone tissue is composed of

composed of ___.

3. Endochondral ossification refers to the formation of bone
within ___; intramembranous ossification refers to the forma-
tion of bone directly from __.

4. The most important hormone that regulates calcium ion ex-
change between bone and blood is __.

~

; spongy bone tissue is

CHAPTER 6 THE SKELETAL SYSTEM: BONE Tissue 181

8. Match the following:

___(a) small spaces between lamel-
lae that contain osteocytes

___(b) perforating canals that pene- canals
trate compact bone; carry
blood vessels, lymphatic ves- canals
sels, and nerves from the

periosteum

(c) areas between osteons
(d) microscopic unit of compact

bone tissue

(1) lacunae
(2) Volkmann’s

(3) Haversian

(4) concentric
lamellae

(5) epiphyseal plate

(6) trabeculae

(7) interstitial

1. A father brings his young daughter to the emergency room after
she fell off her bicycle. The attending physician tells the father
that his daughter has suffered a greenstick fracture in her lower
arm. The father is confused—there weren’t any sticks where she
fell in the street. What should the physician explain to the father?
(HINT: Only children suffer this type of fracture.)

2. Aunt Edith is 95 years old today. She claims that she’s been get-
ting shorter every year, and that soon she'll disappear altogether.

What’s happening to Au|
ever; think about her bo

w

they still have problem
stays in space. Why does
space that you have to wi

Answer at least one of the critical

- Astronauts in space exqqg— thinking questions, which ask you to

apply anatomical and physiological
concepts to real-life situations.
(Answers are in Appendix D.)



GET INTERACTIVE!

CD-ROM

Use the Student Companion CD-ROM located inside the
back cover. This engaging study tool offers a range of inter-
active activities and assessment tools that you can access to
add to your knowledge or validate your understanding of
the reading. Here’s what you’ll find:

Activities

Intriguing feedback loop exercises let you explore how the
homeostasis of body systems is maintained under normal
conditions, and how it is disrupted by diseases or disorders.
Twelve art exercises allow you to investigate complex
anatomical structures or to trace complex physiological
processes step by step. In addition, anatomy drag-and-
drop exercises in every chapter will sharpen your under-
standing of anatomical structures.

Testing

Validate your understanding by taking the 30-question
multiple choice quiz available for each chapter. Each quiz
scores automatically and provides you with immediate

~ Student Companion CD-ROM for
ANATOMY AND PHYSIOLOGY

PRINCIPLES OF

To the Student xv

feedback about your answers. You can simulate a mid-term
or final exam, too, by using the test feature. Select the spe-
cific chapters you want to be tested on and the number of
questions you want.

Special Feature

Use the pronunciation glossary to review definitions and
to hear the actual pronunciation of terms.

Learning Guide

This helpful study companion has chapter summaries, topic
outlines and objectives, terminology exercises, and study
questions cross-referenced to the book. Each chapter
includes an extra Self-Quiz. Ask for the Learning Guide to
Principles of Anatomy and Physiology (ISBN:
0-471-37467-9) at your college bookstore!

Web Site

For additional study help or to explore topics in more
depth, please visit our web site at
http:\\www.wiley.com\college\bio\tortora

\Which of the following factors does not ptay a role in
celr?

based on your X E rietions i [Umor SUPPressor genes.

: ‘,mg—ﬁ_
vwmnm-'-a 1 % M@;

oach question.
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