0 'Preface

t‘ b]'l“ﬂ the fifth edition of Conceprs of Human Anagomy

ant Phoysiclogy has taken on a fresh, new look and has changed
inother significant ways, we have made every efforr o rerain
those features that have contributed to the grear popularivy of
this rext aver the vears. OFf major importance, the fifth edi-
tion 15 consistent with previous editions in its focus on unify-
ing cOnCeprs as o means of integrating tacrual informarion,
Jusz as importantly, o clear and interesting narrative, carefully
rendered and attractive illustrations, and numerous pedagogi-
cal devices continue oo be cenrral in enabling students 1o as-
similare a large |":‘>i.‘l'[.' of information and o ]lla{;u wehiat t|1|._'1_.r
have learndd in a meaningtul conrext,

As in previous editions, the matetial is organized so that
mnstructors may satlor required rext readings to their individual
course niceds, Because the rext is designed for studenes who do
nat have extensive science backerounds bor who plan to enter
health er orher careers thar require considerable knowledge of
anaromy and physiology, the chapters in the opening unit pre-
sent hasic chemical, eellular, Biclogical, and anatomical con-
cepes. The chaprers in the remaining fooar units then take a de-
tailed approach ro the anatomy and physiology of oreans and
systems. Throughout the text, we continue Lo promote the
view of anatomy and plystology s dynamic sciences chat serve
a3 foundarions for the health professions.

Having said this, we have no doubr thar the fifth edition
iz the serongest by far, We are confident thar it can be of i
miense value in helping students achieve leaming abjecrives,
in fostering in them a love of and respect for the science of
human anatomy and physiology, and in persuading them o
continue in the field.

i t‘gNE{F’ Revised, or Improved

Followers of previousf editions will quickly note the major
physical improvements in the fifth edition. We have also
added new marerialiin light of recent scientific findings, tak-
ing care to connecy new developments to hasic principles.
Listed helow are sonfe of the major fifth-edition changes.
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New Content’

Aogrear deal of new information has been incorporated ino
this editicns. These include the following changes:

Some of the New Topjes Added
¢ Skincancer
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Telomeres and relomerase

Perpuisomes

Aquaporing

Seroronin and neuropeptide Y as neurotransmitters
Micotinic ACh receptors in brain

Rerrograde dendritic potentials

Thermal receprors and nociceptors

Mesolimbic and nigrostriatal dopamine pathwiys
MNuclear receptor proteins

Tyrosine kinase sccond messenger system
Adhesion molecules

Dendritic cells as antigen presencers

FAS and FAS ligand

Function of the enterochromaffin-like (ECL) cells of
the gastric mucosa

Guanylin and uraguanylin

Retimoic acid nuclear receptors

Adipose tissue physiolomy

Leptin and its acrions

Obesiry

Brown fat and fi-adrenerpic receprors

Effect of weightlessness on calcium halance and bones
Male contraception

The human sexual response

Some of the Revised Sections

Chemissmotic presentation and number of ATF
penerated

Symport and antiport concepts added o coupled
transport discussion

Voltage-gared ion channels

Neurorransmirter release from axons
Alzheimer’s discase

REM sleep, reticular formation, and medial temporal
lobe X

Paracrine atd autocrine regulators

Cross-bridee cycle

Muscle merabolism during exercise
Cardicvascular adaptations to exercise
Mechanisms of smooth muscle relaxarion
Funcrions of neutrophils

Stem cell differentiation, wirh added discussion of
eytokines

Physiology of lymphatic vessels

Frank—Starling law

Capillary dynamics {Starling equilibrium)
ITyperrension and congestive heart Gailure
Nonspecific immune recognition and funerion

AIDS and AIDS trearments

xiii



Niv Plrace

e (entral regulation of breathing

* Respiration during exercise

o Sprucrure and function of the vasa recra
»  ADH action and diaberes insipidus
Avrial natriuretic peptide

Regularion of gastric acid secretion
Catecholamine regulation of metabalism
Thyroxine regulation of merabolism
Fepgularion of human partarition

-

Some Expanded Topics

o 353, with addirional informarion about p2l

o [lopaminetgic receprors

» Physiology of taste, including role of gustducin
s Physiology of alfaction

®  FEffects of urea in concentrating the urine

» Denefits of breastfeeding the neonare

s Enteric nervous sysrem

s [ody weight homeostasis

.

mutririon and farry acids

= Yitaming

s Hepularion of catng

s Chalecystokinin physiology

Mast cell funcrion

Regularion of insulin secretion and mode of insulin
Ackion

Treatment for diaberes mellitus

Reaulation of peristaltic contractions

New Clinical Investigations

Case Studies appear at the beginning of mast of the chaprers.
These h-,:!mrhq_-;icul situations are indicarive of the type of
climical marerial that will ke presented in the chaprers. The
solution 1o the case x-itl.ll.']i_.-' 15 prﬂ&icntcd ar the end of the E‘J"IFE]TI—-
rer following rhe last major section,

Netw Critical Thinking Questions

l-'nl'Ivain_l,r each chapter summary, sets of ohjective, essay and
critical thinkime questions give students the opportunity to
abrain feedbagk as to the depth of their understanding and
learning, They challenge students to use the chapter inferma-
vion in noveliways toward the solution of practical problems.
The correct fesponses o the objective questions are provided

in Appe ndl;‘f A (page 985

New and Revised Ilustrations

An already ovrstanding illustration program has been greatly
improved in this edition, which features nearly 40% new or
reyised illustrations. The fizure legends have been modifed to

fhance the identificarion of a figure and improve the read-
abalivy of the légend.

Figure 30,16

Thic formation of the wnthilical cord and othier extraemhryonie sEEUCTures.
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NEXUS

Toward the end of each chapter, or group of chapters, on a
particular bady system, newly designed and revised incerrela-
tionship charts, called NEXUS, tie the functional aspects of
one body system 1o each of the ather systems, underscoring
the concept af homeostasis. Each listed interaction has a page
reference in blue for students to read for additional informa-
tion. This is analogous o the hyperlinks of an Internet wel:
page, and can be used in asimilar manner to pursue related
concepts of mrerest,




New Design

A conscious effort has been made to make this hook more
readable with a fresh, clean design wirh fewer interruptions in
the facrative.

Under Development

Mear the end of most system f._‘hd[\r_q_‘r:-: is o discussion that in-
chudes exhibits and explanations of the morphogenic events
lﬂi“l‘llvel‘] in |!\IL\. Lll_:'l."L":lill"':l'll._;rlJ {5!“ o ‘I'I\.I',,l'!l' .‘i':,"h'.‘ll.,"l_'l}. ]'-Ii'gl(_'l_‘”l{_'['li
near the end of i chapter ensures that the rerminology needed
o understand the cmbryonic structures has been introduced.
I few chaprers, an Under Developmerie feature follows the
relevant discussion of 4 specific body pare or region; this oc-
s, for example, in sections on the skull, brain and spinal
cord, ear and eyve; and pituitary gland.

A More Personal Approach

It his been bur experience thar beginning students in atnatomy
and physiology are often intimidaced by a very formal, aca-
demic writing seyle. In this edition, the lanpuase has heen re-
lased tos empaze the reader and make learning more enjoyable.
simple analogies are frequently used 1o promote understanding
of conceprs. The level of difficolry has been carefully con-
molled, recognizing the wide variation in marivarion and
hackpround thart typifies a broad spectrum of students.

The pedacorical devices in this text are desipned to help vou
fearn anatomy and physiology. Don't just read this text as vou
wonldd s nevel. Interace with i, using the pedacopical devices
as tools. The more vou use these tools, the more effective and
enjovable vour study will become.

Chapter Introductions

*
The -.m-:ni:‘? page gl cach chaprer containg an overview of
the contentd of the i‘h:'yprﬂ it outline form. Page numbers are
indicared ro guide you'to the major secrions. Learning objec-
tives are also includell, and should be checked harh befare
and arrer soundying sach section of a chaprer,

. {
Concept Statements

Une af the Lll}lutuu}uLLribthu of this text 15 the way in which

major sectiong ave introduced. Each of these sections is pref.

aced by a concepl statement—a succinet expression of the

main idea presented in the section. These concept starements

will help vou gain an overview betore encountering the derails.
¢

X\

Terminology Aids

The first time each technical term appears in the narrative, it
is ser off by boldface or italic type and is often followed by 2
phonetic pronunciation in parentheses. n this fitth edivion,
many new phonetic pronunciations have been added.

Word Derivations

The dertvations of many rerms are provided i footnores at
the bottom of the page on which the rerms are incroduced,
Don't skip over these foornetes: they are often interesting in
rhemselves. Furthermore, if you know how a word was derived,
it becomes more meaningiul and is easier o remember. You
can identify the roots of each term by referving to the glossary
of prefixes and suffixes on the inside front cover of the rexr.

Clinical Applications

Set off from the rexe narcative are short paragraphs high-
lighred by accompanying topic icons, This interesting infor-
mation is relevant to the discussion thae precedes it, but more
importantly, it demonstrates how basic scientific knowledge 15
applicd. New clinical 'r'.]'J]'J“CE]l'i(]]'l!i--—'-‘il:]I!lC of topical inrerest
have been added o the fifth edition, and others have been
updated, The twa icons used are as fallows:

Clinical mformation 1= indicated by a stechoscope.
These sections explore selecred medical
applicarions of the preceeding anaromical and
physiclogical concepts.

Exercise physiclozy is indicared by a bicyele wheel.
These secrions explore how the preceeding
anatomical ond physiolegical coneeprs can be
applied o understanding the phivsiology of exercise,

[lustrations .

Beeause anaromy is 1 descriptive science, srear cure has been
token to provide an outstanding tlustration program chat max-
imizes students’ learning, These illustrations represent a collab-
arative efforr berween aurhor and illustkaror, ofren involving
dissection of cadavers 1o ensure accuracy, In addition to being
aesthetically pleasing, each illustration has been checked and
rechecked for conceprual clarity and precision of the linework,
labels, and caption. All of the fioures are inteprared with rhe
text narrative, and most are iH'i!_:in'.lt full-color art. In addizion
to the anatomical renderings, color graphics are used o clarify
complex physiclagical processes. Lighr and scanning elecrron
|:-!.|.-ll..||.|.'ll'l'lii_.|‘.|{'e"fi|P].‘iﬁ are illﬁl..l |].“|_'|.J. '|'|.'|“.:|..'i.: il[:l[:l“ll'l‘i?“.l;.. il['ll..,.l L=
fully selecred photographs appear throughour the rext. Colar-
coding 15 used in certain arr sequences as a rechnique tooaid
|.L'.||.|-|'i|':lj_' I"‘H' l:'."{i'l]lll\'gi,'. |]|L: l'»nr\r.:.‘i ‘|J|-1|'|'§_' :1I:L|.|E| ||1 l\:]]:l.i'lzﬂ_:l "} T
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calorcoded sa thar each bone ¢an be readily identified in the
many renderings included in the chaprer. In chaprers 9, 10,
and 11 on the skeletal system and articulations, new orienta-
tin dingrams have been added to highlight the location of spe-
cific hones and joines relative to the body as a whole or to a
particular region of the body. Following chaprer 13 15 a ser of
reference plates, including photographs of human cadaver dis-
sections and several full-page illustrations of the male and fe-
male trunk. The photographs of dissected human cadavers il-
lustrate the complexity of structural relationships that can he
fully appreciared only when seen in a human specimen. Else-
where in the rext, photageaphs of specific organs from cadavers
are used o augment the illusrrarions.

This fifth edition features many new and revised physi-
ology figures to accompany the new topics and updared dis-
cussions, We helieve that, for such figures to be understand-
shle and useful to the beginning student, they should be
relarively simple. A complex, summary figure that incorpo-
rates a great deal of information may be brilliantly conceived
and atihctive to an mstructor, but it is deadly o a beginning
student who can be overwhelmed by the complexity. There-
fare. in this text, each fisure is desygned to illustrare a single
concept or to summarize only a limited number of concepts.
In taral, they present all of the information covered in the
text, but rhey do so in digestible bires.

Chapter Summaries

At the end of each chaprer the material is summarized for you
i outline fotm, following the sequence of the text narrative,
Review each summary after studying the chaprer 1o be sure
that vou have not missed any points, In addition, use the
chaprer summuarics 1 preparity for examinations.

Review Activities

A series of ohjective, essay questions, and new critical think-

ing questions provide you with feedback as o the depth of

vaur leprming gnd understanding. The answers to the objec-
r

live quystions are provided in Appendix A.

!
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Glossary

The glossary of terms at the end of the text las heen updarted
and expanded, dnd continues to be particulurly noteworthy for
its comprehengiveness. Phonetic pronunciations are included
for most ol l‘:ﬁ_{:

terms, and an easy-tosuse pronunciarion guide
appears at thé beginning of the glossary. Synonyms, including
eponyinous terms, are indicated, and for some terms antonyms
are piven as well, The majority of the rerms in the glossary are
accompanied by o page number indicaring where the rerm is
Jiscussed in the text narsative. (Adiecrival terms and general
rerms are not page referenced.) Look to the glossary as you re-
x-iv?'ﬁru chueck yar understanding of the technical terminelogy.

This fifth edition intraduces the Dynamic Human, Version
2.0, 3-D Visual Guide to Anatomy and Physiology CD-ROM,
which interactively illustrates the complex relationships be-
rween anaromical steuctures and their functions in the human
body. This program covers each body systen, demonstrating
clinical concepts, histology, and physiology. The Dynamic
Human (dancing man) icon A appears in appropriate figure
legends o alert the reader to the corresponding information.
A list of correlating figures to specific secrions of The Dy-
namic Human, Version 2.0, follows this preface,

A set af five videotapes contains nearly 533 animations
af physiological processes integral to the study of human
anatomy and physiclogy. Entitled “WCB's Life Science Ani-
mation (LSA) Videotape Series,” these videotapes cover such
topics as cell division, geneties, and reproduction. A new
LSA 3-D) Videotape with 42 key biological processes is in-
cluded in these correlations. Videotape icons Bl oppearin
appropriate figure legends to alert the reader ro these anima-
tione, A list of the figures that relate to the animations fol-
lows this preface,

Concepts of Human Anatomy and Physiclogy has a home page
on the World Wide Web. The address is www.mhhe.com/
bioscilahio, and is listed at the end of cach chapter in a sec-
rion called "Relaed Web Sives.” Ar this home page, insrme-
1o und students can find up-to-date addresses and hot links
to related sites for each chapter.

The supplementary materials that accompany the text are i
siened ro help students in theix learning activities and Lo
suide instructors in planning course work and presentations.
Following are brief descriptions of these supplements.

1. Lahovatory Manual to accompany Concepts of Human
Anatomy and Physiology, fifth &dition (0-697-28425-X)
b Kent M. Van De Graaff, Stuart [ra Fox, and Laurence
(. Thouin, |r., has been thoroughly revised. It can |
brought to the laboratory and used as a stand-alone
manual. It can also be used as a source of quiz and test
questions, without recourse to the textbook, However,
this manual is closely tied to the rexthock, so that
students can maximize their laboratory experience by
studying the referenced partions of the textbook m
conjunction with the laboratory exercises. The exercises
have been carefully refined and updated to keep pace
with continuous changes in laharatory technology,
vendor supply sources, and address updates in computer
assisted instrection and bichazard health concerns.
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Psoricoor™s Meaveal for the Labovatory Manual
(O-697-28429-8) by Laurence (. Thouin, Jr., provides
the answers to the questions thae appear in the
labestatory reports in the Laborarory Manual.

Soudenr Souy Chuide (0-697-28430-1) by Kent M, Van
e Giraall fearures the concept statements (rom the rext,
focus questions, mastery quizzes, study activities, and
answer kevs with explanations.

Instructor’s Manval and Test Ttem File (0-697-28427-11
by Jetfrey and Karianne Prince provides instrocrional
SUPor in the use al L]'l.g: 1.L"_:'{'|,|.'2II :L:l—;. I i-I,]!-H Corlanins i besl
irem file with approsimarely 70 items for each chapuer
o and INSCructors i creating examinations.

MicvoTesy HI{0-69T-28440-9 Macintosh oc
V097284395 Windows) is a computerized test
generstor, available free o gqualified adoprers, which
enables instructors to generate tests from questions in
the Instructor's Manual.

Visteaf Besonree Library (069742 202X is 0 CD-ROM
containing all of the coloe line art in this testbook tha
can be incorporated into computerasisted lecouree
Presciraions.

Transparencies (0-69T7-25431-X) include 200 color
illustrations fram this book reprinted as overhead
lecture transparencies, packaged inoa 3-ring binder,
The Do Humean CH-ROM, Versinn 2.0
[O-G97 =339 399 consists of 312 and ocher
visualizations of relationships berween human strocture
and function,
The Drmenmic Human Videodise (0-697-38937-5)
contains all of the CD-ROM animations, wich a bar
code directary,
Virtnad Pheysiology Lab CH-ROM (0697 -37994-9) has
[0 simulacions of animal-based experiments common in
the phvsiology component of a Taboratory courses allows
students o repear experiments for improved mastery.
WOB Anatomy and Phesiology Vidiodise
(0093277 1402 has more than 30 physiological
:1111'111;?-.1'11.‘;~ lige art, and phoromicrographs, with a bar
code directory.
WO Lifee Seienee Andmations {L5A) contains 33
animations on WV HS videocasseroes; Chemistry, The
Cell, and Energerics (0-697-23005-7); Cell Division,
Hevedivy, Gengtics, Reproduction, and Development
(0-097-25069-3); Animal Biology No. |
(—097-2 5':-‘_5',{3'—9]; Animal Biology Mo 2
(=09 T-2507 1-T) and Plant Biology, Evolution, and
Ecology {0-097-26600-1), Another available videotape
is Mhysiological Coneepts of Life Science
=09T=21512-1) A new 3-D videotape
(00T 2490652 ds also available wirh 42 key
hinlogical procesies all narrated and animated in vilram
-;_'-;*.Ill.;fr with dynamic three-dimensional graphics.
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WICR Anatomy and Phesiology Videotape Sevies consists of
four videotapes, free to qualified adoprers, including
Blood Cell Counting, tdentification and Grouping
{0-097-116829-8); [ntroduction to the Human Cadiver
and Prosection (0-097-11177-0); Invroduction w Ci
Dissection: Cat Musculature (0-697-11630-11; and
[nternal Crgans and Circulitory System of the O
(0—697-13922-00,

Human Anaromy and Physiology Study Cards| chird
edition (O-697-26447-3) by Kent Van De Graaff, Ward
Rhees, and Christopher Creek is a bosed ser ol 300
iusrrared cards {3 % 5 in.), each of which concisely
sumimarizes a concept of steucture o function, delines o
term, and provides o concise table of relaraed
information.

Coloring Guide to Aneatomy and Physiolory

(O=087= 171094} by Robert and Judith Stone consists
of putline deawings and rexe thar emphasize learning
through color associarion. Students retain informarion
through a meditarive exercise in color-coding strocores
and correlared labels. This can be an especially effective
aid for studenes who more easily remember visual
concepts than verbal ones.

An Ados o Hiuman Anarony (0-69T-35793-3] by
Dlennis Strete and Christopher Creck is a new full-color
atlas thar contains over 200 full-color photographs and
over 30 black-and-whice illustrations that sccompany
and portray the necessary detail of human anatomy.
Atlees of the Skeletal Muscles, second edition
(0097137902 by Robert and Judich Srome illuserares
each skeleral muscle in o dingram thar the studenr can
color, and provides a concise table of the origin,
insertion, action, and innervation of each muse

.
Laborarory Atlas of Anatomy and Physiolosy, second
edition (0-097-39480-8] by Douglas Eder et al. 52
full-color atlas connining histology, human skeleral
anatomy, human muscular anacdhmy, dissections, and
reference tables,

Cose Histovies in Human Phesiologs, thied edition
(0—097-34234—4) by Donna Van Wynsbershe md
Cirezory Cooley is ooweb-based wobkhook that stimulates
analyrical thinking through case studies and problem
solving; includes an instructon’s answer key.,
Explovations in Human Binlogy CD-ROM
(D-mOT-AT907-8 Macinrosh and 0-097-37906-X
Windows) by George [ohnson consises of 16 interactive
animations of human biology.

Eaplorations in Cell Biology and Genetics CL-ROM
(O-R9T-3T908-6) by George Johnson contains 17
animations that allord an engrossing way for studenss o
delve inte these olten-challenging ropics.

Life Sciemce Living Lexicon CT-ROM (0—097=37993-0)
Iy William Marchuk provides interacrive vocabulary-



sVl R e

Puilding exercises. [v includes the meanings of word
roors, prefixes, and soffizes with illuscrations and audio
pronunciarions,
b Surves of Tnfectious and Pavasitie Diseqses
(0-697-27535-3]) by Kent Van De Graaff is a booklet of
ntial mformation on 180 of the most significant

Lo

infections diseases.
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This hook could not have been written withoue the enduring
patience and support of our wives, Karen Van De Graaff and
Ellen Fox, to whom this book s gracefully dedicated,

bany of the improvements in che fifrth edition of Con-
cepis af Human Anatomy and Physiology came abour through
cominents that we received from the many users of previous
editiems. Although it would be impossible in this space to ac-
knowledge them individually, we are deeply srateful o each
one. As in the past, our colleagues at our respecnive institu-
ticngwere very supportive and helpful. In particular, we would
like to thank Michael [ Shively, Laurence G, Thouin, |r.,
B Ward Rhees, James Rikel, Samuel 1. Zeveloff, and
[. Ronald Galli.

We also wish ra thank physicians who assisted in spe-
cific ways. Dis. Kyle M. Van De Grauff, Eric |. Van De Graaff,
and Ryane L. Van De Graaff provided professional advice.
L. Brent . Chandler provided many of the radiveraphs used
i the text. Drs. James M. Jones, Harribar A. Pershadsingh,
and Paul Urie assisted in updating the clinical informartion.

Lluality illuserations for this text were provided by a
nuimber of tulented arises. We are especially grateful for their
rremendous contributions. Many of the renderings new ta
this edition were contributed by Christopher Ho Creek and
Ficrar Lew.

The editorial and producrion stalls at WORMeGraw-
HIlL inspared. guided, and shaped this enormous projecr, and
they were superb 1o work with, We owe a large debr of grari-
tude to Sponsoring Editor Kris Tibberes, Developmental Edi-
tor Pat Anglin, Senior Edirorial Assistant Darlene Schueller,
Senigr Project Manager Peggy Selle, Arr Editor Brenda
Ernzetf, and Thoto Editor John Leland, and many other tal-
l.'|'.|l-"-%i”:ii\'ii_hl.hlh ar WOEBMeGraw-Hill, We are also cspe-
cially appreciatiye of Ann Mirels and Jane Marthews who la-
bariously copyedived the manuseripr and provided numerous
helpiul sugoestions,

2 I
Review l:'.'i"t'élr'

The torthright criticisims and helpful sugeestions of a knowl-
cdgeable and hard-working panel of reviewers added immea-
surably to the quality of the final drafe. The review panel for
the fifth edition included

L. Amini-Sereshki-Kormi

Wihnchesier Stae (r,'u!.ﬂ.’g,rﬁ

.’\l.lrl{-' A Anderson
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Errst Tennessee State University
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Larry I Crawshaw
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Reading Arvea Communiry College

Brian [ Fejze

Meote Communiey College .
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William AL Cibson
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University of Piteshurgh School of Medicine
Foaren R, Hickman

Lindversity of Mary Heardin-Boylor
Robert B Fillis

Olealoosa-Walton Communiry Caollege
Melanie W Jenking

Fosmerly of Fayetteville Technical Commumies Colloge
Ronald K. Jvring

Bismarck Stare Collese



Robert | Keating
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Boberr Koodsen
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Ihrahim . Mahmoud
Liversity of Wisconsin-Ohshlosh
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