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Preface

We revised the fourth edition of Exercise Physiology: Energy,
Nutrition, and Human Performance by incorporating into
each topic area considerable new information from the ex-
panding literature in exercise physiology, and adding two new
chapters that deal with spaceflight physiology and molecular
biology, content areas that we believe will become significant
within exercise physiology early in the 21* century. This fifth
edition maintains the same seven-section structure as previ-
ous editions.

SHAPING THE REVISION

In preparing the fifth edition of this text, we incorporated feed-
back gathered by the publisher and comments from instructors
and students. This feedback guided us to specific areas that
needed to be reworked, repositioned, updated, or streamlined.

Significant revisions to the fifth edition include more than
60 new topic headings within the different chapters including:

1. Women scientists and their contributions to exer-
cise physiology (Introduction)

2. Metabolic syndrome X (Chapter 1)

3. Female athlete triad; hyponatremia and exercise
(Chapter 2)

4, Extreme ultraendurance sports; glycemic index and
exercise nutrition; oral rehydration solutions; high-
fat versus low-fat diets for endurance training and
performance (Chapter 3)

5. Doubly labeled water to assess energy expenditure
(Chapter 8)

6. Delta efficiency in exercise (Chapter 10)

7. Prediction of VO,,., from non-exercise data (Chap-
ter 11)

8. Exercise implications of gender differences in static
and dynamic lung function (Chapter 12)

9. Racial differences in blood lactate threshold (Chap-
ter 14)

10. Venous system as an active vasculature (Chapter 15)

11. Autoregulation of tissue blood flow by nitric oxide
(Chapter 16)

12. Muscular force and power comparisons within the
animal kingdom (Chapter 18)

13. Expanded information on diabetes mellitus in-
cluding: insulin-like growth factors; cellular glu-
cose transporters; tests and classifications for dia-
betes; physical activity and type 2 diabetes risk
(Chapter 20)

14. Current fitness guidelines and recommendations for
improving cardiovascular fitness, muscular
strength, and joint flexibility; tapering for peak per-
formance; expanded discussion of the overtraining
syndrome (Chapter 21)

15.

16.

17.

19.

20.

21.

22.

23.

Therapeutic benefits of resistance training in
HIV; resistance training guidelines for sedentary
adults, the elderly, and cardiac patients; expanded
information about plyometric training; current
thinking on muscle cell remodeling with training
(Chapter 22)

Supplementation with DHEA, HMB, androstene-
dione, creatine, chromium, and amino acids and
carbohydrate-protein-lipid combinations to enhance
performance or augment training responsiveness
(Chapter 23)

Clothing insulation (clo) and factors affecting a
clothing’s clo value; exogenous glycerol and ther-
moregulation (Chapter 25)

. Sport diving that includes diving history; diving re-

flex in humans; clothing ensembles; mixed-gas div-
ing (saturation diving, helium-oxygen and trimix
diving); technical diving; energy cost of underwa-
ter swimming (Chapter 26)

New standards for overweight and obese for chil-
dren and adults; racial and physique adjustments to
predict body composition; applicability of BIA in
sports and exercise training; BOD POD assessment
of body composition (Chapter 28)

BMI trends among less-skilled younger athletes;
body dimensions of National Basketball Associa-
tion professional players (Chapter 29)

The obesity epidemic; racial factors and body
weight; obesity and health risks in childhood and
adolescence; aging, exercise, and body composi-
tion; National Weight Control Registry; weight loss
and improved health risks; exercise training effects
on body weight and composition; appropriate
weight gain for athletes (Chapter 30)

Population age trends; the new gerontology;
healthy life expectancy; resistance training for the
elderly; endocrine changes with aging; changes in
physical activity and improved health outlook; vul-
nerable plaque and myocardial infarction; homo-
cysteine and CHD; dietary fiber, insulin, and CHD
(Chapter 31)

Clinical aspects of exercise physiology—regular
exercise and hypertension, exercise-induced
bronchospasm, the heart transplant patient’s re-
sponses and adaptations to regular exercise, and
exercise stress testing for CHD screening and
exercise prescription; training and certification
programs for exercise physiologists; blood pres-
sure classification and risk stratification; treat-
ment and rehabilitation in congestive heart
failure; worksite health/fitness promotion (Chap-
ter 32)
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NEW TO THE FIFTH EDITION

Chapter 27. Microgravity: Exercise Physiology
at the Final Frontier

This new chapter begins with an historical overview of early
and recent accomplishments in space exploration, including a
timeline from Project Mercury to the International Space Sta-
tion. It explores the nature of the physiologic and anatomic
challenges imposed by acute and chronic exposure to a
near—zero-g environment and upon return to Earth’s gravita-
tional field. An important consideration focuses on the most
effective countermeasures to obliterate the negative impact on
humans of future, extended-duration missions.

On the Horizon: Molecular Biology—A New Vista
for Exercise Physiology

The decision to add the molecular biology content area
posed a unique dilemma. Most professors in the exercise
physiology field have limited background and formal re-
search experience in genetics and molecular biology. During
their graduate preparation, these fields were literally in their
infancy with little opportunity for coursework and labora-
tory training. We empathize with instructors who may feel
uncomfortable including this new material as a “must read,”
perhaps from trepidation about a domain requiring mastery
of a new vocabulary. To some extent, this was our reason for
placing the material at the end of the textbook. Also, this
area does not currently comprise a “standard” component in
preparing students in exercise physiology, but rather repre-
sents an emerging component of our field that hopefully will
soon become commonplace as other traditional content ar-
eas. A review of the current literature makes clear that exer-
cise physiology and molecular biology have become unde-
niably linked by studies concerning the molecular basis of
exercise, training responses, body weight and size regula-
tion, injury prevention and rehabilitation, and health-related
consequences of physical inactivity. Clearly, the topic of
molecular biology and human sports performance has al-
ready become mainstream for dicussion in exercise physiol-
ogy, including the lay press (front page New York Times,
“Someday Soon, Athletic Edge May Be From Altered
Genes,” May 11, 2001; see listing, Molecular Biology Inter-
net Sites)

In the September, 2000 issue of Scientific American,
Dr. Bengt Saltin, a premier scientist in our field and featured
in an Up-Close and Personal interview, coauthored a cover
story about gene therapy’s significant potential to impact ath-
letic performance. The researchers’ poignant concluding
statement focused on a fictitious runner in the 2012 Olympic
Games who allowed gene therapy to “boost” his muscle cells’
force-generating capacity a year before the Games were to be-
gin. The doctor assured the athlete there would be no side ef-
fects of the genetic treatment to “express” fast contracting
myosin IIb isoform fibers. In the semi-finals, the athlete had
lowered the world record to an unbelievable 8.94 seconds,

finishing 10 meters ahead of the next competitor. Then, in the
finals, . . .

... at 65 meters, far out in front of the field, he feels a sudden
twinge in his hamstring. At 80 meters the twinge explodes into
overwhelming pain as he pulls his hamstring muscle. A tenth of
a second later his patella tendon pulls out part of the tibia bone,
which then snaps, and the entire quadriceps shoots up along the
femur bone. The runner crumples to the ground his running ca-
reer over. That is not the scenario that generally springs to
mind in connection with the words “genetically engineered su-
perathlete.” And some athletes will probably manage to exploit
engineered genes while avoiding catastrophe. But it is clear
that as genetic technologies begin trickling into the main-
streams of medicine they will change sports profoundly—and
not for the better. As a society, we will have to ask ourselves
whether new records and other athletic triumphs really are a
simple continuation of the age-old quest to show what our
species can do.”

For non-human athletes, as for example the racing thor-
oughbred horse, breeders have been carefully mating “select”
stallions and mares for hundreds of years to develop blood
lines they believe produce genetically superior animals (big-
ger, stronger, and faster). The same techniques used to study
the human genome are now being applied to unravel
the complexities of the horse genome (www.uky.cdu/Ag/
Horsemap/). Teams of equine molecular geneticists world-
wide are attempting to unravel the horse’s genetic markers on
their 32 pairs of chromosomes that code for “athletic poten-
tial.” The aim, similar to that for human athletes described in
the Scientific American article, seeks to eventually improve
racing performance, while at the same time develop strategies
to eliminate debilitating equine diseases that can trigger career-
ending injuries (e.g., hyperkalemic periodic paralysis [HYPP],
severe combined immunodeficiency [SCID], exercise-induced
pulmonary hemorrhage or “bleeding”). As in champion hu-
man sprinters (Olympic caliber), champion throroughbreds
(Triple Crown caliber) have a high percentage of fast twitch
muscle fibers. Thus, any small advantage gained by geneti-
cally engineering fibers that increases force output (larger size
fibers with improved contractile capacities), or promotes hy-
perplasia in existing muscles (thereby increasing total force-
production capacity), can make the difference between win-
ning and coming in second. In the world of sport, where the
economics of winning becomes all-important, the rapidly ex-
panding field of molecular biology applied to human and
equine athletes will surely exert an impact in the coming
decade.

Up-Close and Personal Interviews

The text’s introduction, Exercise Physiology: Roots and His-
torical Perspectives, reflects our interest and respect for the
earliest underpinnings of the field, and the direct and indirect
contributions of the men and women physicians/scientists
who preceded us. The giants of past generations, scientists
and innovators we chronicle from Galen (A.D. 131-201)
through the next two thousand years to the current cadre of



distinguished scientists/researchers, set the cornerstone for
the high standards attained by the current generation of exer-
cise physiologists. In this revision, we feature nine contem-
porary scientists whose important research contributions and
visionary leadership continue the tradition of the scientists of
prior generations—Steven Blair, Frank Booth, Claude
Bouchard, David Costill, Barbara Drinkwater, John Holloszy,
Loring Rowell, Bengt Saltin, and Charles Tipton. These indi-
viduals clearly merit recognition, not only for expanding
knowledge through their scientific contributions, but also for
elucidating mechanisms underlying responses and adapta-
tions to exercise and health enhancement. Each person has
been placed within a section linked to their main scholarship
interests, yet all of them span one or more sections in terms of
scientific contributions. Appendix E lists individual honors
and awards for each of these distinguished scientists.

We also consulted the Institute of Scientific Information
database, Web of Science (www.webofscience.com/), from
January, 1996 through April, 2001 to quantify the frequency
that other scientists cite the published work of our featured
scholars. The average citation record for the last six years
confirmed our initial expectations about the impact that oth-
ers cite their research. Peers throughout the scientific com-
munity consistently refer to their research in their own publi-
cations, often citing their numerous publications more than
15,000 times yearly!

Most of us know of these individuals only from journal
articles, presentations, and international reputations. But un-
like movie icons or top athletes where media scrutiny pro-
vides a closer look, those who excel in our field usually re-
main unknown except to a handful of colleagues who have
the privilege of their close association. That’s why we are so
pleased they agreed to share their thoughts and insights about
exercise physiology. Note the similarity in the responses to
many of the questions. Despite their diverse educational
backgrounds, they make use of their free time in different and
often extraordinary ways, and show a great interest and con-
cern for their students. We hope the intimate insights from our
“superstars” inspire current exercise physiology students to
actualize their potential, whether through accomplishments in
graduate school, teaching, research, or numerous other excit-
ing opportunities to achieve excellence.

New Art Program

This fifth edition features an all-new art program.

In a Practical Sense

This new element in every chapter highlights practical appli-
cations such as:

* Predict pulmonary function variables and lactate
threshold

« Predict VO,,,,, from running and swimming
performance

Preface Xi

 Provide exercise guidelines for diabetic patients
and pregnant women
= Provide exercises to protect against lower-back strain
« Identify and treat altitude-related medical problems
* Assess the heat quality of the environment
« Predict body fat in different athletic groups
 Recognize warning signs of disordered eating
+ Assess flexibility
« Determine physical activity readiness

Integrative Questions

Another new element in each chapter, “Integrative Ques-
tions,” poses open-ended questions to encourage students to
consider complex concepts without a single “correct” answer.

Ancillaries: The Total Teaching Package

The carefully developed supplementary material for this text
will help instructors and students maximize the benefits of the
core contents.

Two powerful CDs are available to instructors:

« The Image Collection for Exercise Physiology, 5th
Edition contains digitized full-color images from the
text for easy importing into PowerPoint presentations
or printed materials.

* The Exercise Physiology, Sth Edition Test Generator
contains over 1200 questions faculty can draw from
to create tests.

By visiting http://connection.lww.com/go/mcardle in-
structors and students can access support materials including
the following:

Instructor Resources:

Create- Your-Own Website
PowerPoint Presentation Slides for Each Chapter

Student Resources:

Multiple Choice and True/False Quizzes for Each
Chapter

Key Words and Concepts for Each Chapter

Study Questions for Each Chapter

Self-Assessment Tests

Search the References of the Book for Reports and
Papers

Web Links to Related Sites

Additional Appendices
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Introduction: A View of the Past

Exercise
Physiology:
Roots and
Historical
Perspectives

Since the first edition of our textbook in 1981, knowledge
concerning the physiologic effects of exercise in general, and
the body’s unique and specific responses to training in partic-
ular has exploded. Tipton’s search of the 1946 English litera-
ture for the terms exercise and exertion yielded 12 citations in
5 journals.™ Tipton also cited a 1984 analysis by Booth who
reported that in 1962, the number of yearly citations of the
term exertion increased to 128 in 51 journals, and by 1981,
there were 655 citations to the word exertion in 224 journals.
The accompanying figure displays the number of entries for
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the words exercise or exertion referred to above from a com-
puter search of Index Medicus (Medline) for the years 1966
through 2000. In the almost 6-year period since publication of
the fourth edition of this text, the number of listings has in-
creased more than 10-fold to 43,625! In 1994, we stated that
the greatest increases occurred between 1976 and 1986, and
that citation frequency appeared to level off from 1986 and
1994. Obviously, we were incorrect.

As graduate students in the late 1960s, we never
dreamed that interest in exercise physiology would increase
so dramatically. A new generation of scholars committed to
studying the scientific basis of exercise set to work. Some
studied the physiologic mechanisms involved in adaptations
to regular exercise; others evaluated individual differences in
exercise and sports performance. Collectively, both ap-
proaches contributed knowledge to the growing field of exer-
cise physiology. At our first scientific conference (American
College of Sports Medicine [ACSM] in Las Vegas, 1967), we
rubbed elbows with the “giants”™ of the field, many of whom
were themselves students of the leaders of their era. Sitting
under an open tent in the Nevada desert with one of the
world’s leading physiologists, Dr. David
Bruce Dill (then age 74), we listened to
his researcher—a high school student—
lecture about temperature regulation in
the desert burro. Later, one of us (FK) sat
next to a white-haired gentleman and
chatted about a Master’s thesis project.
Only later did an embarrassed FK learn
that this gentleman was Captain Albert R.
Behnke, MD (1898-1993; ACSM Honor
Award, 1976), the modern-day ‘‘father”
of human body composition assessment, and whose crucial
experiment in the physiology of underwater diving estab-
lished standards for decompression and use of mixed gases.
His pioneering studies of hydrostatic weighing in 1942, the
development of a reference man and reference woman model,
and the creation of the somatogram based on anthropometric
measurements underlie much current work in body composi-
tion evaluation (refer to Chapter 28 and its “Focus on Re-
search”). That meeting began a lasting personal and fulfilling
professional friendship until Dr. Behnke’s death in 1993. Sev-
eral hundred ACSM members listened attentively as the super-
stars of exercise physiology and physical fitness (e.g., Per-Olof
Astrand, Erling Asmussen, Bruno Balke, Elsworth Buskirk,
Thomas Cureton, Lars Hermansen, Steven Horvath, Henry
Montoye, Bengt Saltin, Charles Tipton) presented their research
and fielded penetrating questions from an audience of young
graduate students eager to savor the latest scientific information.

Over the years, the three of us were fortunate to work with
the very best in our field. William McArdle studied for his PhD
at the University of Michigan with Dr. Henry Montoye (charter
member of ACSM, President of ACSM 1962-1963, Citation

Albert R. Behnke
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Award, 1973) and Dr. John Faulkner (President of ACSM,
1971-1972, Citation Award, 1973, and ACSM Honor Award,
1992). At the University of California, Berkeley, Victor Katch
completed his MS thesis in physical education under the super-
vision of Dr. Jack Wilmore (ACSM President, 1978-1979,
Citation Award 1984, and first editor of Exercise and Sport Sci-
ence Reviews, 1973-1974) and was a doctoral student of Dr.
Franklin Henry (ACSM Honor Award, 1975, originator of the
“Memory-Drum Concept” about the specificity of exercise, and
author of the seminal paper Physical Education—an Academic
Discipline, JOHPER, 35:32, 1964). Frank Katch completed his
MS degree at the University of California, Santa Barbara under
the supervision of Dr. Ernest Michael, Jr., (former PhD student
of pioneer exercise physiologist—physical fitness scientist Dr.
Thomas Kirk Cureton, ACSM Honor Award, 1969), and Dr.
Barbara Drinkwater (President of ACSM, 1988-1989; ACSM
Honor Award, 1996), and then also completed doctoral studies
at the University of California, Berkeley with Professor Henry.

As the three of us examine those earlier times, we realize,
like many of our colleagues, that our academic good fortunes
prospered because our professors and mentors shared an un-
wavering commitment to study sport and exercise from a
strong scientific and physiologic perspective. These scholars
demonstrated why it was crucial for physical educators to be
well grounded in both the scientific basics and underlying con-
cepts and principles of exercise physiology.

We would be remiss if we failed to acknowledge the pi-
oneers who created exercise physiology. It is, of course, im-
possible in an introduction to adequately chronicle the history
of exercise physiology from its origins in ancient Asia to the
present. Instead, our review presents historical information
regarding topics not normally covered in prior exercise phys-
iology textbooks or history texts. Our discussion begins with
a brief acknowledgment of the ancient but tremendously in-
fluential Greek physicians; along the way, we highlight some
milestones (and ingenious experiments), including the many
contributions from Sweden, Denmark, Norway, and Finland
that fostered the study of sport and exercise as a respectable
field of scientific inquiry.

A treasure of information about the early beginnings of ex-
ercise physiology in America was uncovered in the archives of
Amberst College, Massachusetts, in an anatomy and physiology
textbook (incorporating a student study guide) written by the
first American father-and-son writing team. The father, Edward
Hitchcock, was President of Amherst College; the son, Edward
Hitchcock Jr, an Amherst graduate and Harvard-trained physi-
cian, made detailed anthropometric and strength measurements
of almost every student enrolled at Amherst College from 1861
to 1889. A few years later in 1891, much of what currently forms
the college curriculum in exercise physiology, including evalu-

ation of body composition by anthropometry and muscular
strength by dynamic measurements, began in the first physi-
cal education scientific laboratory at Harvard University’s
Lawrence Scientific School. Even before the creation of this lab-
oratory, another less formal but still tremendously influential
factor impacted the development of exercise physiology: the
publication during the 19th century of American textbooks on
anatomy and physiology, physiology, physiology and hygiene,
and anthropometry. Table 1 lists a sampling of 45 textbooks
published between 1801 and 1899 containing information about
the muscular, circulatory, respiratory, nervous, and digestive
systems—including the influence of exercise and its effects—
that eventually shaped the content area of exercise physiology
during the next century. Additional textbooks from 1900 to 1947
deal with exercise, training, and exercise physiology.”

IN THE BEGINNING: ORIGINS OF EXERCISE
PHYSIOLOGY FROM ANCIENT GREECE TO
AMERICA IN THE EARLY 1800s.

Exercise physiology arose mainly in early Greece and Asia
Minor although the topics of exercise, sports, games, and
health concerned even earlier civilizations. These included the
Minoan and Mycenaean cultures, the great biblical empires of
David and Solomon, Assyria, Babylonia, Media, and Persia, as
well as the Empires of Alexander. Other early references to
sports, games, and health practices (personal hygiene, exer-
cise, and training) were recorded in the ancient civilizations of
Syria, Egypt, Macedonia, Arabia, Mesopotamia and Persia, In-
dia, and China. The greatest influence on Western Civilization,
however, came from the Greek physicians of antiquity—
Herodicus (5th century BC); Hippocrates (460-377 BC), and
Claudius Galenus or Galen (131-201 AD?).

Herodicus, a physician and athlete, strongly advocated
proper diet in physical training. His early writings and de-
voted followers influenced the famous physician Hippocrates
(“father of preventive medicine”), who is
credited with producing 87 treatises on
medicine—several on health and hy-
giene—during the Golden Age of
Greece.” Hippocrates espoused a pro-
found understanding of human suffering,
emphasizing a doctor’s place at the pa-
tient’s bedside. Today, physicians take the
Hippocratic Oath based on Hippocrates’
“Corpus Hippocratum.”

Five centuries after Hippocrates, during the early decline
of the Roman Empire, Galen emerged as perhaps the most well-
known and influential physician that ever lived. The son of a
wealthy architect, Galen was born in the city of Pergamos® and

Hippocrates

“Buskirk' provides a bibliography of books and review articles on exercise, fitness, and exercise physiology from 1920 to 1979. Berryman’ lists many text-
books and essays from the time of Hippocrates through the Civil War period in the United States.

“According to Green, the dates for Galen’s birth are estimates based on a notation Galen made when at age 38 he served as personal physician to the Roman
emperors Marcus Aurelius and Lucius Verus.?* Siegel’s bibliography contains an excellent source for references to Galen.>’

“An important city on the Mediterranean coast of Asia Minor, Pergamos influenced trade and commerce. From 152-156 A, Galen studied in Pergamos,
renowned at the time for its library of 50,000 books (approximately one-fourth as many as in Alexandria, the greatest city for learning and education) and its

famous medical center in the Temple of Asclepios.



TABLE 1 » SAMPLING OF TEXTBOOKS ON ANATOMY AND PHYSIOLOGY, ANTHROPOMETRY, EXERCISE AND

YEAR
1801

1831

1833
1839
1842

1843

1843

1844

1846
1848
1852
1854

1855

1856
1859

1860

1863

1866

1866

1866
1866
1869

1869

1871

1873

1873

TRAINING, AND EXERCISE PHYSIOLOGY (1801-1947)

AUTHOR AND TEXT

Willich AFM. Lectures on Diet and Regimen: Being a Systematic
Inquiry into the Most Rational Means of Preserving Health and Pro-
longing Life: Together with Physiological and Chemical Explanations,
Calculated Chiefly for the Use of Families, in Order to Banish the
Prevailing Abuses and Prejudices in Medicine. New York: T and

J Swords, 1801.

Hitchcock E. Dyspepsy Forestalled and Resisted, or, Lectures on
Diet, Regimen, and Employment. 2nd ed. Northampton: J.S. & C.
Adams, 1831.

Beaumont W. Experiments and Observations on the Gastric Juice
and the Physiology of Digestion. Plattsburgh: EP. Allen, 1833.
Carpenter WB. Principles of Physiology, General and Comparative.
London: John Churchill, 1839. 4th ed., 1854.

Carpenter WB. Principles of Human Physiology. London: Churchill,
1842.

Carpenter WB. Principles of Human Physiology, with Their Chief Appli-
cations to Pathology, Hygiene, and Forensic Medicine. Especially De-
signed for the Use of Students. Philadelphia: Lea & Blanchard, 1843.
Numerous reprints and editions; 9th ed, 1881 (London); 4th American
ed., 1890.

Combe A. The Principles of Physiology Applied to the Preservation of
Health, and to the Improvement of Physical and Mental Education.
New York: Harper & Brothers, 1843.

Dunglison R. Human Health: The Influence of Atmosphere and Locality;
Change of Airand Climate; Seasons; Food; Clothing: Bathing and Mineral
Springs; Exercise; Sleep; Corporeal and Intellectual Pursuits, on Healthy
Man; Constituting Elements of Hygiene. Philadelphia: Lea & Blanchard,
1844,

Warren JC. Physical Education and the Preservation of Health.
Boston: William D. Ticknor, 1846.

Cutter C. Anatomy and Physiology Designed for Academies and Fami-
lies. Boston: Benjamin B. Mussey and Co., 1848.

Blackwell E. The Laws of Life, with Special Reference to the Physi-
cal Education of Girls. New York: George P. Putnam, 1852.

Stokes W. Diseases of the Heart and Aorta. Philadelphia: Lindsay,
1854.

Combe A. The Physiology of Digestion, Considered with the Relation
to the Principles of Dietetics. Philadelphia: Harper and Brothers,
1855.

Beecher C. Physiology and Calisthenics for Schools and Families.
New York: Harper and Brothers, 1856.

Flint A. The Clinical Study of the Heart Sounds in Health and Dis-
ease. Philadelphia: Collins, 1859.

Hitchcock E, Hitchcock E Jr. Elementary Anatomy and Physiology for
Colleges, Academies, and Other Schools. New York: Ivison, Phinney
& Co., 1860.

Ordronaux J. Manual of Instruction for Military Surgeons, on the
Examination of Recruits and Discharge of Soldiers. New York:

D. Van Nostrand, 1863.

Flint A. A Treatise on the Principles and Practice of Medicine,; De-
signed for the Use of Practitioners and Students of Medicine. Philadel-
phia: H.C. Les, 1866; 5th edition, 1884.

Flint A. The Physiology of Man,; Designed to Represent the Existing
State of Physiological Science as Applied to the Functions of the
Human Body. Vol. |. Introduction; The Blood; Circulation,; Respiration.
1866. Vol. Il. Digestion; Absorption; Lymph and Chyle (1867). Vol. /Il.
Secretion, Excretion; Ductless Glands, Nutrition; Animal Heat; Move-
ment,; Voice and Speech (1870). Vol. IV. Nervous System (1873).

Vol V. Special Senses; Generation (1874). New York: D. Appleton and
Company.

Huxley TH. Lessons in Elementary Physiology. London: Macmillan
and Co., 1866.

Lewis D. Weak Lungs and How to Make them Strong. Boston:
Ticknor and Fields, 1866.

Dalton JC. A Treatise on Physiology and Hygiene; for Schools, Fami-
lies, and Colleges. New York: Harper & Brothers, 1869.

Gould BA. Investigations in the Military and Anthropological Statis-
tics of American Soldiers. Published for the U.S. Sanitary Commis-
sion. New York: Hurd and Houghton, 1869.

Flint A. On the Physiological Effects of Severe and Protracted Mus-
cular Exercise; with Special Reference to its Influence Upon the
Excretion of Nitrogen. New York: D. Appleton & Co., 1871.

Huxley TH, Youmans WJ. The Elements of Physiology and Hygiene
for Educational Institutions. New York: D. Appleton & Co., 1873.
Morgan JE. University Oars. London: MacMillan, 1873.

YEAR
1875

1876

1877

1877

1878

1878

1881

1884

1885

1888
1888

1889

1893
1895

1896

1896

1896

1898

1900

1900

1901

1902

AUTHOR AND TEXT

Baxter JH. Statistics, Medical and Anthropological, of the Provost-
Marshal-General's Bureau, Derived from Records of the Examination
for Military Service in the Armies of the United States During the
Late War of the Rebellion, of Over a Million Recruits, Drafted Men,
Substitutes, and Enrolled Men. Vol. 1. Washington, DC: U.S. Govern-
ment Printing Office, 1875.

Hitchcock E. A part of the course of instruction given in the Depart-
ment of Physical Education and Hygiene in Amherst College. First is-
sued by the class of 1877 while juniors. Amherst, MA, 1876.

Flint A. A Text-Book of Human Physiology; Designed for the Use of
Practitioners and Students of Medicine. New York: D. Appleton,
1877. (2nd ed., rev. and cor. 1879; 3rd ed., rev. and cor. 1881, 1882,
1884, 1888; 4th ed., entirely rewritten 1888 and published 1889,
1891, 1892, 1893, 1895, 1896, 1897, 1901.)

Flint A. The Source of Muscular Power, as Deduced from Observa-
tions Upon the Human Subject Under Conditions of Rest, and of
Muscular Exercise. London: 1877.

Flint A. On the Sources of Muscular Power. Arguments and Conclu-
sions Drawn from Observations Upon the Human Subject, Under
Conditions of Rest and of Muscular Exercise. New York: D. Appleton
and Company, 1878.

Foster M. A Text-Book of Physiology. London: Macmillan and Co,
1878.

Huxley TH, Youmans WJ. The Elements of Physiology and Hygiene:
A Text-Book for Educational Institutions. New York: Appleton and
Co., 1881.

Martin HN, Martin HC. The Human Body. A Beginner's Text-book of
Anatomy, Physiology and Hygiene. New York: H. Holt and Company,
1884 (261 p); revised, 1885.

Martin HN, Martin HC. The Human Body. A Beginner's Text-book of
Anatomy, Physiology and Hygiene, with Directions for lllustrating
Important Facts of Man's Anatomy from That of the Lower Animals,
and with Special References to the Effects of Alcoholic and Other
Stimulants, and of Narcotics. New York: Henry Holt and Son, 1885.
Huxley TH, Martin HN. A Course of Elementary Instruction in Practi-
cal Biology. Rev. ed. London: Macmillan and Co., 1888.

Lagrange F. Physiology of Bodily Exercise. New York: D. Appleton
and Company, 1890.

Hitchcock E, Seelye HH. An Anthropometric Manual, Giving the
Average and Mean Physical Measurements and Tests of Male
College Students and Method of Securing Them. 2nd ed. Amherst,
MA: Williams, 1889.

Kolb G. Physiology of Sport. London: Krohne and Sesemann, 1893.
Galbraith AM. Hygiene and Physical Culture for Women. New York:
Dodd, Mead and Company, 1895.

Atkinson E. The Science of Nutrition. 7th edition. Boston: Damrell &
Upham, 1896.

Martin H.N. The Human Body. An Account of Its Structure and
Activities and the Conditions of Its Healthy Working. New York: Holt
& Co., 1881; 3rd ed. rev., 1884; 4" ed. rev. 1885; 5th ed. rev., 1888,
1889 (621 p); 6th ed. rev., 1890, 1894 (621 p); 7th ed., 1896 (685 p);
8th ed. rev., 1896 (685 p).

Seaver JW. Anthropometry and Physical Examination. A Book for
Practical Use in Connection with Gymnastic Work and Physical Edu-
cation. New Haven, CN: Press of the O.A. Dorman Co., 1896.
Martin H.N. The Human Body. A Text-book of Anatomy, Physiology
and Hygiene; with practical exercises. 5th ed., rev. by George Wells
Fitz. New York: H. Holt and Company. 1898 (408 p), 1899 (408 p);

5 editions 1900, 1902, 1911, 1912, 1930.

Atwater WO, Bryant AP. Dietary Studies of University Boat Crews.
U.S. Department of Agriculture, Office of Experiment Stations, Bul-
letin no. 25. Washington, DC: U.S. Government Printing Office,
1900.

Howell WH, ed. An American Text-Book of Physiology. Vol. 1. Blood,
Lymph, and Circulation; Secretion, Digestion, and Nutrition; Respira-
tion and Animal Heat; Chemistry of the Body. 2nd. rev. Philadelphia:
W.B. Saunders & Company, 1900.

Howell WH, ed. An American Text-Book of Physiology. Vol. 2. Mus-
cle and Nerve; Central Nervous System; The Special Senses; Special
Muscular Mechanisms; Reproduction. 2nd. rev. Philadelphia: W.B.
Saunders & Company, 1901.

Hastings WW. A Manual for Physical Measurements for Use in Nor-
mal Schools, Public and Preparatory Schools, Boys Clubs, Girls
Clubs, and Young Men'’s Christian Associations. Springfield: Young
Men’s Christian Association Training School, 1902.



YEAR
1903

1903
1904
1904
1905
1905
1906
1906
1906
1906

1908

1908
1909
1911
1914
1914

1915

1915
1917
1918
1918
1918
1918
1919
1919
1920
1920
1920
1920
1920
1921

1922
1922
1923
1924
1926

1926

AUTHOR AND TEXT

Demeny G Les Bases Scientifiques de I'Education Physique. Paris:
Felix Alcan, Editeur, 1903.

Flint A. Collected Essays and Articles on Physiology and Medicine, 2
volumes. New York: D. Appleton and Company, 1903.

Butts EL. Manual of Physical Drill. United States Army. New York: D.
Appleton and Company, 1904.

Mosso A. Fatigue. New York: G.P. Putnam'’s Sons, 1904.

Atwater WO, Benedict FG. A Respiration Calorimeter with Appliances
for the Direct Determination of Oxygen. Washington, DC: Carnegie
Institution of Washington, 1905.

Flint A. Handbook of Physiology, for Students and Practitioners of
Medicine. New York: The Macmillan Company, 1905.

Hough T, Sedgewick WT. The Human Mechanism, Its Physiology
and Hygiene and the Sanitation of Its Surroundings. New York: Ginn
and Company, 1906.

Sargent DA. Physical Education. Boston: Ginn and Company, 1906.
Sherrington SC. The Integrative Action of the Nervous System. New
Haven, CT. Yale University Press, 1906.

Stevens AW, Darling ED. Practical Rowing and the Effects of Train-
ing. Boston: Little, Brown and Company, 1906.

Fisher |. The Effect of Diet on Endurance: Based on an Experiment
with Nine Healthy Students at Yale University, January-June, 1906.
New Haven, CT: Tuttle, Morehouse and Taylor Press, 1908.

Fitz GW. Principles of Physiology and Hygiene. 2nd ed. rev. New
York: H. Holt and Company, 1908; 2nd ed. rev., 1909.

McKenzie RT. Exercise in Education and Medicine. Philadelphia:
W.B. Saunders Company, 19089.

Cannon WB. The Mechanical Factors of Digestion. New York: Long-
mans, Green and Company, 1911.

Barcroft J. The Respiratory Function of the Blood. Cambridge: Cam-
bridge University Press, 1914.

Goodman EH. Blood Pressure in Medicine and Surgery. Philadelphia:
Lea & Febiger, 1914.

Benedict F, Murchhauser J. Energy Transformation During Horizontal
Walking. Carnegie Institute Publication. No. 231. Washington, DC:
Carnegie Institute of Washington, 1915.

Cannon WB. Bodily Changes in Pain, Hunger, Fear and Rage. New
York: D. Appleton and Company, 1915.

Haldane JS. Organism and Environment as lllustrated by the Physiol-
ogy of Breathing. New Haven: Yale University Press, 1917.

Fisher |. The Effect of Diet on Endurance. New Haven: Yale Univer-
sity Press, 1918.

Lewis T. The Soldier's Heart and the Effort Syndrome. New York:
P.B. Hoeber, 1918.

Starling EH. Linacare Lecture; The Law of the Heart. London: Long-
mans, Green and Company, 1918.

Wilbur WC. The Koehler Method of Physical Drill. Philadelphia: J.B.
Lippincott Company, 1918.

Bainbridge FA. Physiology of Muscular Exercises. New York: Long-
mans, Green and Company, 1919.

Love AG, Davenport CB. Physical Examination of the First Million
Draft Recruits: Methods and Results. Washington, DC: U.S. Govern-
ment Printing Office, 1919.

Amar J. The Human Motor. New York: E.P. Dutton and Company, 1920.
Burton-Ovitz R. A Textbook of Physiology. Philadelphia: W.B. Saun-
ders Company, 1920.

Dreyer G. The Assessment of Physical Fitness. New York:

P.B. Hoeber, 1920.

Gaskell WH. The Involuntary Nervous System. New York: Longmans,
Green and Company, 1920.

Jansen M. On Bone Formation: Its Relation to Tension and Pressure.
New York: Longmans, Green and Company, 1920.

Martin EG. Tests of Muscular Efficiency. Physiological Reviews
1921;1:454.

Haldane JS. Respiration. New Haven, CT: Yale University Press,
1922.

Krogh A. The Anatomy and Physiology of Capillaries. New Haven,
CT: Yale University Press, 1922,

MacKenzie RT. Exercise in Education and Medicine. Philadelphia:
W.B. Saunders Company, 1923.

Douglas CG, Priestley JG. Human Physiology. Oxford: The Clarendon
Press, 1924.

Fulton JF. Muscular Contraction and Reflex Control of Movement.
Baltimore: Williams & Wilkins Company, 1926.

Hill AV. Muscular activity. Lectures on the Herter Foundation, 16th
course. “Muscles,” 1924. Baltimore: Williams & Wilkins (for the Johns
Hopkins University), 1926.

YEAR
1927

1927

1927

1827

1928

1928

1928

1929
1929
1930
1931
1931
1931
1932
1932
1932
1932
1932
1933
1933
1934
1935
1935
1835
1935
1937
1938

1938

1939

1939

1939

1939

1942

1945

1947

1947

AUTHOR AND TEXT

Deutsch F, Kauf E. Heart and Athletics. Translation by L.M. Warfield.
St. Louis: C.V. Mosby Company, 1927.

DuBois EF. Basal Metabolism in Health and Disease. Philadelphia:
Lea and Febiger, 1927.

Hill AV. Living Machinery. New York: Harcourt, Brace and Company,
1927,

Hill AV. Muscular Movement in Man. New York: McGraw-Hill Book
Company, 1927.

Henderson LJ. Blood. A Study in General Physiology. New Haven,
CT: Yale University Press, 1928.

McCurdy HG, McKenzie RT. The Physiology of Exercise. Philadel-
phia: Lea & Febiger, 1928.

Schwartz L, et'al. The Effect of Exercise on the Physical Condition
and Development of Adolescent Boys. U.S. Public Health Service
Bulletin 179. Washington, DC: U.S. Government Printing Office,
1928.

Krogh A. The Anatomy and Physiology of Capillaries. 2nd ed. New
Haven, CT: Yale University Press, 1929.

Macklin CC. The Musculature of the Bronchi and Lungs. Physiologi-
cal Reviews 1929;9:1 (492 references).

Starling EH. Human Physiology. Philadelphia: Lea and Febiger, 1930.
Bainbridge FA. The Physiology of Muscular Exercise. 3rd edition.
Rewritten by AV Bock, DB Dill. London: Longmans Green and Com-
pany, 1931.

Hill, A. V. Adventures in Biophysics. London: Oxford University
Press, 1931.

Schmidt FA, Kohlrasch W. Physiology of Exercise. (Translated by C.B.
Sputh). Philadelphia: FA. Davis and Company, 1931.

Boas EP, Goldschmidt EF. The Heart Rate. Springfield, IL: Charles C.
Thomas, 1932.

Creed R.S., et al. Reflex Activity of the Spinal Cord. Oxford, Oxford
University Press, 1932.

Gould AG, Dye JA. Exercise and Its Physiology. New York: A.S.
Barnes and Company, 1932.

Grollman A. The Cardiac Output of Man in Health and Disease.
Springfield, IL: Charles C Thomas, 1932.

McCloy CH. The Measurement of Athletic Power. New York: A.S.
Barnes and Company, 1932.

Haggard HW, Greenberg LA. Diet and Physical Efficiency. New
Haven, CT: Yale University Press, 1933.

Schneider EC. Physiology of Muscular Activity. Philadelphia: W.B.
Saunders Company, 1933.

Konradi, Slonim D, Farfel VS. Work Physiology. Moscow: Medgiz
Publishing, 1934.

Boorstein SW. Orthopedics for the Teacher of Crippled Children.
New York: Aiden, 1935.

Dawson PM. The Physiology of Physical Education. Baltimore:
Williams & Wilkins, 1935.

Haggard HW, Greenberg LA. Diet and Physical Efficiency. New
Haven, CT: Yale University Press, 1935.

Haldane JS, Priestley JG. Respiration. New York: Oxford University
Press, 1935.

Griffin FWW. The Scientific Basis of Physical Education. London:
Oxford University Press, 1937.

Benedict FG. Vital Energetics. A Study in Comparative Basal Metabo-
lism. Washington, DC: Carnegie Institute of Washington, 1938.

Dill DB. Life, Heat, and Altitude. Physiological Effects of Hot Cli-
mates and Great Heights. Cambridge: Harvard University Press,
1938.

Hrdlicka A. Practical Anthropometry. Philadelphia: Wistar Institute of
Anatomy and Biology, 1939.

Krestovnikoff A. Fiziologia Sporta. Moscow: Fizkultura and Sport,
1939.

McCurdy JH, Larson LA. The Physiology of Exercise. Philadelphia:
Lea and Febiger, 1939.

Schneider EC. Physiology of Muscular Activity. 2nd ed. Philadelphia:
W.B. Saunders Company, 1939.

Cureton TK. Physical Fitness Workbook. Champaign, IL: Stipes Pub-
lishing Company, 1942.

Cureton TK, et al. Endurance of Young Men. Washington, DC:
National Research Council, National Society for Research in Child
Development, 1945,

Adolph EF, et al. Physiology of Man in the Desert. New York: Wiley,
1947,

Cureton TK, et al. Physical Fitness Appraisal and Guidance. St. Louis:
The C.V. Mosby Company, 1947.



Lugdunum
.

GAUL

Woodcut by Renaissance artist Francesco Salviati (1544) based on
Galen's De fascius from the first century B.C. The woodcut showing
shoulder surgery provides a direct link with Hippocratic surgical practice
that continued through the Byzantine period.

Roots and Historical Perspectives XXi

educated by scholars of the time.
He began studying medicine at ap-
proximately age 16, and during the
next 50 years, he implemented and
enhanced the current thinking
about health and scientific hygiene,
an area that some might consider
“applied” exercise physiology.
Throughout his life, Galen taught
and practiced the “laws of health™:
breathe fresh air, eat proper foods,
drink the right beverages, exercise,
get adequate sleep, have a daily
bowel movement, and control
one’s emotions.” A prolific writer,
Galen produced at least 80 sophis-
ticated treatises (and perhaps 500
essays) on numerous topics, many
of which addressed human
anatomy and physiology, nutrition,
growth and development, the bene-
ficial effects of exercise, the delete-
rious consequences of sedentary
living, and a variety of diseases and their treatment. One of
the first “bench physiologists,” Galen conducted original ex-
periments in physiology, comparative anatomy, and medicine,
including dissections on humans and a variety of animals
(e.g., goats, pigs, cows, horses, elephants). Also, as physician
to the gladiators of Pergamos, Galen treated torn tendons and
muscles by using various surgical procedures he invented, in-
cluding the procedure depicted in the 1544 woodcut of shoul-
der surgery shown at the left with commentaries from his
Greek text De fascius. He also formulated rehabilitation ther-
apies and exercise regimens, including treatment for a dislo-
cated shoulder. Galen followed the Hippocratic school of
medicine that believed in logical science grounded in experi-
mentation and observation.

Galen wrote detailed descriptions about the forms, kinds,
and varieties of “swift” and vigorous exercises, including their
proper quantity and duration. The following definition of ex-
ercise is from the first complete English translation by Green**
of Hygiene (De Sanitate Tuenda, pages 53-54) (see Table 2),
Galen’s insightful and detailed treatise on healthful living:

To me it does not seem that all movement is exercise, but only
when it is vigorous. But since vigor is relative, the same move-
ment might be exercise for one and not for another. The crite-
rion of vigorousness is change of respiration; those movements
which do not alter the respiration are not called exercise. But if
anyone is compelled by any movement to breathe more or less
or faster, that movement becomes exercise from him. This
therefore is what is commonly called exercise or gymnastics,
from the gymnasium or public-place to which the inhabitants
of a city come to anoint and rub themselves, to wrestle, throw
the discus, or engage in some other sport. . . . The uses of ex-
ercise, I think are twofold, one for the evacuation of the excre-
ments, the other for the production of good condition of the
firm parts of the body. For since vigorous motion is exercise, it
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must needs be that only these three things result from it in the
exercising body—hardness of the organs from mutual attrition,
increase of the intrinsic warmth, and accelerated movement of
respiration. These are followed by all the other individual ben-
efits which accrue to the body from exercise; from hardness of
the organs, both insensitivity and strength for function; from
warmth, both strong attraction for things to be eliminated,
readier metabolism, and better nutrition and diffusion of all
substances, whereby it results that solids are softened, liquids
diluted, and ducts dilated. And from the vigorous movement
of respiration the ducts must be purged and the excrements
evacuated.

During the early Greek period, the Hippocratic school of
physicians devised ingenious methods to treat common mal-
adies, including a procedure to reduce pain from dislocated
lower lumbar vertebrae. The illustration at the right from the
11th-century Commentairies of Apollonius of Chitiron on the
Periarthron of Hippocrates provided details about early Greek
surgical “sports medicine” interventions to treat athletes and
the common citizen.

TABLE 2 » TABLE OF CONTENTS FOR BOOK 1 AND
BOOK 2¢ OF GALEN’S DE SANITATE
TUENDA (HYGIENE)
Book 1
THE ART OF PRESERVING HEALTH
Chapter
| Introduction
Il The Nature and Sources of Growth and of Disease
] Production and Elimination of Excrements

1\ Objectives and Hypothesis of Hygiene

Vv Conditions and Constitutions

Vi Good Constitution: A Mean Between Extremes

VI Hygiene of the Newborn

Vil The Use and Value of Exercise

IX Hygiene of Breast-Feeding

X Hygiene of Bathing and Massage

Xl Hygiene of Beverages and of Fresh Air

Xl Hygiene of the Second Seven Years

Xl Causes and Prevention of Excrementary Retardation

XV Evacuation of Retained Excrements
XV Summary of Book |

Book 2
EXERCISE AND IVIASSAGE

| Standards of Hygiene Under Individual Conditions
Il Purposes, Time, and Methods of Exercise and Massage
1 Techniques and Varieties of Massage

% Theories of Theon and Hippocrates

\ Definitions of Various Terms

VI Further Definitions About Massage

VI Amount of Massage and Exercise

VI Forms, Kinds, and Varieties of Exercise

IX Varieties of Vigorous Exercises

X Varieties of Swift Exercises

Xl Effects, Exercises, Functions, and Movements
Xl Determination of Diet, Exercise, and Regime

“Book IIl. Apotherapy, Bathing, and Fatigue. Book IV. Forms and Treatment
of Fatigue. Book V. Diagnosis, Treatment, and Prevention of Various Dis-
eases. Book VI. Prophylaxis of Pathological Conditions.

Ancient treatment for low-back pain

The era of more “modern-day” exercise physiology in-
cludes the periods of Renaissance, Enlightenment, and Scien-
tific Discovery in Europe. It was then that Galen’s ideas im-
pacted the writings of the early physiologists, anatomists,
doctors, and teachers of hygiene and health.*>*° For example, in
Venice in 1539, the Italian physician Hieronymus Mercurialis
(1530-1606) published De arte Gymnastica Apud Ancientes
(The Art of Gymnastics Among the Ancients). This text, heav-
ily influenced by Galen and other early Greek and Latin au-
thors, profoundly affected subsequent writings about gymnas-
tics (physical training and exercise) and health (hygiene),
not only in Europe (influencing the Swedish and Danish gym-
nastic systems), but also in early America (the 19th-century
gymnastic-hygiene movement). The panel in Figure 1, re-
drawn from De Arte Gymnastica, acknowledges the early
Greek influence of one of Galen’s famous essays, Exercise
with the Small Ball, as well as his regimen of specific strength-
ening exercises (throwing the discus and rope climbing).

RENAISSANCE PERIOD TO NINETEENTH
CENTURY

New ideas formulated during the Renaissance exploded al-
most every idea inherited from antiquity. Johannes Guten-
berg’s (ca. 1400-1468 AD) printing press disseminated both
classic and newly acquired knowledge. The commoner could
learn about local and world events. Education became more
available because universities sprang up in such centers as
Oxford, Cambridge, Cologne, Heidelberg, Prague, Paris,
Angiers, Orleans, Vienna, Padua, Bologna, Siena, Naples,
Pisa, Montpellier, Toulouse, Valencia, Lisbon, and Salamanca.



FIGURE 1 ¢ The early Greek influence of Galen’s famous essay, Ex-
ercise with the Small Ball and specific strengthening exercises
(throwing the discus and rope climbing), appeared in Mercurialis De
Arte Gumnastica, a treatise about the many uses of exercise for pre-
ventive and therapeutic medical and health benefits. Mercurialis fa-
vored discus throwing to aid patients suffering from arthritis and to
improve the strength of the trunk and arm muscles. He advocated
rope climbing because it did not pose health problems, and he was a
firm believer in walking (@ mild pace was good for stimulating con-
versation, and a faster pace would stimulate appetite and help with
digestion). He also believed that climbing mountains was good for
those with leg problems, long jumping was desirable (but not for preg-
nant women), but tumbling and handsprings were not recommended
because they would produce adverse effects from the intestines
pushing against the diaphragm! The three panels above represent the
exercises as they might have been performed during the time of
Galen.

Art broke with past forms, emphasizing spatial perspective
and realistic depictions of the human body.

Although the supernatural still influenced discussions of
physical phenomena, many people turned from dogma to ex-
perimentation as a source of knowledge. For example, medi-
cine had to confront the new diseases spread by commerce
with distant lands. Plagues and epidemics decimated at least
25 million people throughout Europe in just 2 years
(1348-1350). New towns and expanding populations in con-
fined cities led to environmental pollution and pestilence,
forcing authorities to cope with new problems of community
sanitation and care for the sick and dying. Science had not yet
solved the medical problems from disease carriers such as in-
sects and rats.

As populations expanded throughout Europe and else-
where, medical care became more important for all levels of so-
ciety. But medical knowledge failed to keep pace with need.
For roughly 12 centuries, few advances had been made since
Greek and Roman medicine. The writings of the early physi-
cians such as Celsus had either been lost or preserved only in
the Arab world. Thanks to the prestige of classical authors, Hip-
pocrates and Galen still dominated medical education until the
end of the 15th century. Renaissance discoveries greatly modi-
fied their theories, however. New anatomists went beyond sim-
plistic notions of four humors when they discovered the com-
plexities of circulatory, respiratory, and excretory mechanisms.

Once rediscovered, these new ideas caused turmoil. The
Vatican seemed to ban human dissections, but a number of
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Rembrandt's 1632 The Anat-
omy Lesson of Dr. Nicholas
Tulp

medical schools continued to conduct them, usually sanction-
ing one or two cadavers a year, or with official permission to
perform an “anatomy” (the old name for a dissection) every
3 years. Performing autopsies helped physicians to solve le-
gal questions about a person’s death, or determine the cause
of a disease. In the mid-1200s at the University of Bologna
(founded in 1088 as a law school), every medical student had
to attend one dissection each year, with 20 students assigned
to a male cadaver and 30 students to a female cadaver. The
first sanctioned dissection in Paris took place in 1407. In
Rembrandt’s first major portrait commission shown above,
the 1632 The Anatomy Lesson of Dr. Nicholas Tulp, medical
students listen intensely to the renowned Dr. Tulp as he dis-
sects the arm of a recently executed criminal. The pioneering
efforts of Vesalius (p. xxv) and Harvey (p. xxvi) made
anatomical study a central focus of medical education, yet
conflicted with the Church’s strictures against violation of
the individual rights of the dead because of the doctrine in
resurrection of the body. In fact, the Church considered
anatomical dissections a disfiguring violation of bodily in-
tegrity, despite the dismemberment of criminals as an exten-
sion of punishment. Nevertheless, the art of the period re-
flected close collaboration between artists and medical school
physicians to portray anatomic dissections, essential for med-
ical education, and to satisfy a public thirsty for new infor-
mation in the emerging fields of physiology and medicine.

In 1316, Mondino de Luzzio (ca. 1275-1326), professor
of anatomy at Bologna, published Anathomia, the first book of
human anatomy. He based his teaching on human cadavers,
not Greek and Latin authorities or studies of animals. The
1513 edition of Anathomia presented the same drawing as the
original edition of the heart with three ventricles, a tribute to
his accuracy in translation of the original inaccuracies. Cer-
tainly by the turn of the 15th century, anatomic dissections for
postmortems were common in the medical schools of France
and Italy; they paved the way for the Golden Age of the Re-
naissance anatomists whose careful observations accelerated
understanding of human form and function. Two women from
the University of Bologna achieved distinction in the field
of anatomy. Laura Bassi (1711-1778), the first woman to
earn a doctor of philosophy degree, and the university’s first
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Durer's Quadrate Man

one-sixth of this total, the head one-seventh, and the hand one-
tenth. Relying on his artistic skills rather than objective com-
parison, Diirer made the ratio of height between men and
women as 17 to 18 (soon thereafter proved incorrect).
Nonetheless, Diirer’s work inspired Behnke* in the 1950s to
quantify body proportions into reference standards to evaluate
body composition in men and women (refer to Chapter 28).

Michelangelo Buonarroti (1475-1564)

Michelangelo, just as da Vinci, was a superb
anatomist. Body segments appear in proper
proportion in his accurate drawings. The fa-
mous “David™ (right) clearly shows the veins,
tendons, and muscles enclosing a realistic
skeleton. Although his frescos on the Sistine
ceiling often exaggerate musculature, they still
convey a scientist’s vision of the human body.

Andreas Vesalius (1514-1564)

Belgian anatomist and physician
Vesalius learned Galenic medi-
cine in Paris, but after making
careful human dissections, he
rejected the Greek’s ideas about
bodily functions. At the start of
his career, Vesalius authored
books on anatomy, originally re-
lying on Arabic texts, but then
incorporating observations from
his own dissections, including a
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Vesalius' anatomical drawings. Left. Major nerves. Right. Muscular
system in action. Note graveyard crypts.

self-portrait (lower left) from Fabrica published at age 29
showing the anatomical details of an upper and lower right
arm. His research culminated in the exquisitely illustrated text
first published in Basel, Switzerland in 1543, De Humani Cor-
poris Fabrica (On the Fabric of the Human Body). Many con-
sider these Vesalius drawings the best anatomical renderings
ever made, ushering in the age of modern medicine. The same
year, he published Epitome, a popular version of De Fabrica
without Latin text.

Some physicians and clergymen became outraged, fear-
ful that the new science was overturning Galen’s time-
honored speculations. Vesalius’ treatise accurately rendered
bones, muscles, nerves, internal organs, blood vessels (in-
cluding veins for blood-letting), and the brain, but he differed
from Galenic tradition by ignoring what he could not see. His
remarkably detailed record of the muscular and skeletal ar-
chitecture of the human body pared away one muscle layer at
a time to reveal the hidden structures underneath.

Despite his attempt at accuracy, some of Vesalius’ draw-
ings contain curious inaccuracies. For example, he drew the
inferior vena cava as a continuous vessel; he inserted an ex-
tra muscle to move the eyeball; and added an extra neck
muscle, present only in apes. Despite these minor discrepan-
cies, Vesalius attempted to connect form with function. He
showed that a muscle contracted when a longitudinal slice
was made along the muscle’s belly, but a transverse cut pre-
vented contraction. Vesalius substantiated that nerves con-
trolled muscles and stimulated movement. His two texts pro-
foundly influenced medical education. They demolished
traditional theories about human anatomy and emboldened
later researchers to explore circulation and metabolism un-
burdened by past misconceptions. The illuminating work of
Vesalius hastened the subsequent important discoveries in
physiology and the beginning of modern science.



