Herbert A. deVries Terry J. Housh .

Physiology of Exercise

For Physical Education, Athletics and Exercise Science

Fifth Edition




Physiology of Exercise

For Physical Education, Athletics and Exercise Science

Fifth Edition

Herbert A. deVries

University of Southern California

Terry J. Housh

University of Nebraska-Lincoln

1
fiMcGraw-Hill

Boston, Massachusetts Burr Ridge, Illinios Dubuque, lowa
Madison, Wisconsin New York, New York San Francisco, California  St. Louis, Missouri



WCB/McGraw-Hill
A Division of The McGraw-Hill Companies
Book Team

Executive Editor Ed Bartell

Editor Scott Spooiman

Production Editor Michelle M. Campbell

Designer Kristyn A. Kalnes

Art Editor/Processor Carla Goldhammer

Photo Editor Shirley Lanners

Permissions Coordinator Vicki Krug

Visuals/Design Developmental Consultant Marilyn A. Phelps
Visuals/Design Freelance Specialist Mary L. Christianson
Publishing Services Specialist Sherry Padden

Marketing Manager Steven Yetter

Advertising Manager Brett Apold

Executive Vice President/General Manager Thomas E. Doran
Vice President/Editor in Chief Edgar J. Laube

Vice President/Sales and Marketing Eric Ziegler

Director of Production Vickie Putman Caughron

Director of Custom and Electronic Publishing Chris Rogers

President and Chief Executive Officer G. Franklin Lewis

Corporate Senior Vice President and Chief Financial Officer Robert Chesterman
Corporate Senior Vice President and President of Manufacturing Roger Meyer
Cover photo © Eugen Gebhardt/FPG International

Line art created by Precision Graphics, Champaign, IL.

Copyedited by Bonnie Guen

Freelance permissions editor Karen Dorman

Consuiting Editor A. Lockhart

Copyright © 1966, 1974, 1980, 1986, 1994 by Wm. C. Brown
Communications, Inc. All rights reserved

Library of Congress Catalog Card Number: 92-76074

ISBN 0-697-10097-9

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, or otherwise, without the
prior written permission of the publisher.

Printed in the United States of America

10 9 87 6 54 3 2



Over the years of working with undergraduate
and graduate students in the physiology of ex-
ercise laboratory, I’ve noticed that theory and
practice are not always related in the student’s
mind. Too often, the scientific method remains
an ivory tower concept, never applied. Unfor-
tunately, some coaches base their practices on
the methods of a highly successful athlete,
whose success may be totally unrelated to the
fads used in his or her training. Because of such
practices and conditions, I have made an effort
to bring theory and practice closer together—
adding the how to approach while at the same
time respecting scientific investigations that
provide the why for the how to.

Physiology of Exercise for Physical Ed-
ucation and Athletics is concerned with human
responses and adaptations to muscular ac-
tivity. The text provides a basis for the study
of physical fitness and athletic training. It is
written primarily for the upper-division un-
dergraduate student who has a background
in basic anatomy and general physiology. A
knowledge of physics, chemistry, or mathe-
matics beyond the high school level is not nec-
essary. In addition, those who aspire to be
athletic coaches will find within these pages
the scientific basis for their profession. Since
emphasis is placed upon the holes in our
patchwork quilt of knowledge and since a sub-
stantially updated and expanded bibliography
is provided at the end of each chapter, the text
can also assist the graduate student who wishes
to chip away at the frontiers of knowledge in
this discipline. Those who use exercise as a
therapeutic modality will also find guiding
principles in this text.

Ever since the first edition this textbook
has been divided into three parts, because I re-
alize that students enter this field with greatly

N~

diverse backgrounds in the basic sciences.
Thus, Part 1 selectively reviews the most per-
tinent areas of basic physiology. In classes
where the students’ background in general
physiology is strong, the instructor can em-
phasize applications that are presented in Parts
2 and 3. We have maintained this organization
because of its basic pedagogic soundness and
its obvious advantages where homogeneity of
lower-division preparation is not common.

In the third edition a clearer division and
better definition of the second and third parts
was possible. In the years since the second edi-
tion, it had become clear that physical fitness
can contribute substantially to lifelong good
health. The body of evidence that was previ-
ously only suggestive had rapidly become
compelling. Therefore, the text was reorga-
nized to recognize that the study of exercise
physiology has two major interests for the
physical educator. The first is the enhance-
ment of health and physical fitness for the
general population, and the second is optimi-
zation of performance in the various types and
levels of competitive athletics. Thus, the third
and fourth editions were organized quite nat-
urally into three parts. The first deals with the
basic physiology that provides the ground-
work for application to our field. Although this
is organized on a systemic basis, the potential
applications are pointed out and emphasized.
Recognizing the basic differences in interest
between those who are primarily teachers of
health and physical education and those whose
future lies largely in the coaching of athletics,
the second section deals with the physiology of
exercise directed toward health and fitness,
while the third section is devoted to the sci-
entific improvement of athletic performance.



xvi Preface

The foregoing is how I introduced the
fourth edition of this text. I now have a much
more important introduction to make. I have
prevailed upon Dr. Terry J. Housh to join me
in writing this fifth edition. It is with great
pleasure and satisfaction that I welcome Dr.
Housh to the rewarding task of communi-
cating the body of knowledge in exercise phys-
iology to the new generations of physical
education teachers and coaches. He is, at a

In the fifth edition we have added three new
chapters. In the first section we have included
a chapter (chap. 11) titled “The Immune
System and Exercise” Anecdotal evidence
suggests that exercise enhances an individu-
al’s resistance to infection, but coaches are
often concerned about an increased number of
infectious episodes particularly near the end
of the competitive season. These conflicting
testimonials indicate a need to discuss such
important questions as: 1) the effect of acute
and chronic exercise upon immune function;
2) the relationship of intensity, duration, and
frequency of exercise and immune function;
and 3) what clinical implications result from
the foregoing relationships?

In the second section we have added a
chapter (chap. 18) titled “Growth, Develop-
ment, and Exercise in Children and Adoles-
cents.” The interest and participation of
children and adolescents in recreational and
competitive sports has increased dramatically
in recent years. Therefore, professionals in our
field must be knowledgeable in the areas of
normal growth and development as well as the
effects of exercise on young competitors.
Chapter 18 attempts to satisfy this need.

In the world of physical education and

young age, already Director of the Human
Performance Laboratory at the University of
Nebraska-Lincoln. He has achieved eminence
in our field and has had wide experience with
both undergraduate and graduate students
who are impressed with his enthusiasm as well
as his erudition. Those who are familiar with
the earlier editions will readily recognize the
improvement that our collaboration has
brought about in this fifth edition.

Herbert A. deVries
Laguna Beach, California

most especially in the realm of athletic per-
formance, we are constantly involved directly
or indirectly with the concept of fatigue. In all
events in which time or distance are criteria of
success, we are of necessity concerned with an
endpoint largely determined by this entity we
call “fatigue.” Since neuromuscular fatigue is
so basic to performance we have added a new
chapter (chap. 20) on this subject to the second
section of the text.

The fifth edition contains many new and
updated figures. In some instances, however,
we chose to retain classic figures from older
references. When communication could be
improved, existing figures from the fourth edi-
tion were modified or new figures were added.
However, when updating figures from more
recent citations did not add to the clarity of
presentation, we chose to retain the well es-
tablished figures from the past. We believe that
the primary responsibility of this text is to
communicate, in the best possible way, with
students who are studying to become physical
educators, coaches, and exercise scientists. Part
of our commitment to those students is to
maintain a link with the rich heritage of ex-
ercise physiology, while also providing the most
up-to-date information available. One way to



provide an understanding of the chronology of
developments in exercise physiology is to in-
clude the classic works in the area along with
the most modern citations and utilize some of
the excellent diagrams and figures from the
pioneer scientists in our discipline.

We are grateful to the hundreds of sci-
entists around the world who have made this
text possible. While it is not possible to ac-
knowledge every contributor to this work we
would like to recognize the following scientists
who have been influential in the course of our

Preface xvii

professional lives: Martha Coryell, Strouds-
burg State University; Roger J. Williams,
University of Texas; J. Pat Meehan and
Aileene Lockhart at University of Southern
California; Glen O. Johnson, University of
Nebraska-Lincoln; and William G. Thorland,
Washington State University.

We also wish to thank our editors, Chris
Rogers and Scott Spoolman of Brown &
Benchmark Publishers, for their generous
support.

Herbert A. deVries,
Laguna Beach, California

Terry J. Housh,
Lincoln, Nebraska
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