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Preface

In recent years great progress has been made m the scientific study of ex
ercise and sports In particular, exercise physiology has far outstripped the
other research areas dealt wath 1n this symposium becanse its impheations
are so numerous for fields ranging from physical education athletics, and
mediane to 1ndustry and the militayy Still quite different approaches have
been made to the study of exercise and sports Consequently, when viewed
from the perspecttve of the subject as a whole——as 1t 15 represented mn this
symposium—the research activities generally have tended to be highly com
party lized even within spectahzed areas, and lacking in svnthesis

The motives of the researchers who have applied therr thinking to ex
ercise and sports have been at least as different as therr fields of spectaliza
tion Thus, some mvestigators have been intent upon ﬁndmg wass to extend
the himits of human performance mn something of the spint of a mustcian,
gymnast, or mountam chimber, and to them no end beyond achieving a new
perfection or breakimng an athletic or sports record has been sought As they
have seen 1t, the challenge 15 there and 1t must be met

Other mvestigators have utthzed exercise and sports research as a means
of contributing to the growing fund of knowledge of human performance
and behavior under vanous expenmental conditons In some instances of
this type of research, the mvestigator has been led inexorably by his own
cutlosity wherexer 1t might draw him, regardless of possible applications of
hus discovenes, and perhaps he has had nittle mmmediate concern whether
his findmgs would ultimately help someone tun a faster mle, work more
efficiently, leam skills more raptdly, or respond more quickly to therapy

In still other mstances the mvestigator has been mterested m the measur
able effects of vanous types of presenbed or freely selected physical activity
Perhaps he has expenmented with the effects of exeraise and sports upon
children and youth so as to design more effective physical education curneu

X8t




X1 PREFACE

Jums, has studied the effects of physical tramnmg as 1t nught apply m ath
tetscs, mlitary combat, of space tavel, bas tested the tesponse of muscles to
various exercise dosages m order to define prescnphions for orthopedic,
genatric, or cuculatory theraps, or perhaps be has examned the competitive
sports Muation to gain waght wto human motnahon In any case he has
approached the problem and has coped with 1t from the vantage pomnt of
his own iterest and with the shalls of s particular speciahzation

Slowly, as catefully gathered data has gocumulated, 2 mosaic of the entire
field of exercise and sports seems to be formung At present, the amount of
work that has been done whuch throws hght upon varous phenomena t
lated to exercise and sports 1s impsessne and cacouraging But 1t 1s also be
wildenng Research workers have of cowse published thew findings m thew
own journals, with the result that iformation pertinent to exereise and
sposts 1 scattered through 1 vast hterature ranging from the anthropalagt
cal, chenueal, physiological, and nutritional to the psichological, physical
cdurational, znd edieal The problum s facther compliested by the duex
sity of technical Janguage found mr thus Wterature Senous students of the
subject are confronted with a traly forndable pblem if they address
themsehes to the tash of aclnesing 2 reasonable grasp of the entire research
field assotated with exerense and spoits

Thas symp Science and Medicmne of L xercise and Sports, represents
an effort to facilitate the achievement of such a grasp—-as well 15 to ontlue
the frontiess of knowledge sm the wmdnidual tesearch areas dealt with Ac
cosdingly ot 15 composed of a scnes of authontatne statements as to the
curvent status of huowledge m the major research areas assocuated with ex
eresse and sports

The following statement was among those sent to each contnbutor for
ontntalion purposes It 1s presented here to suggest the mtent and spint
which gusded the preparation of the book

Purpose of the Book May [ emphisize that thus book 15 nat wtended to be a
work in prasse of exerosse and sports Rathes sts puspose  to provide an analyss
of the status of knowledge related to everese and sports It should help sextous
students to acquire a more cflectne grasp of the extremely dnersified research
actnaty which bears upon these subgects It should gusde professianal workers at
all levels i thew clforts to make an honest statement as to the effocts of exercise
and sports upon the human 1t should help m the vanons
aeas 10 know mare shout * what is gong on wn the lab next door™ And 1t shoutd
3en¢ 35 3 startmg pont for Further eescarch by mdsciting the frontier of knowl
edge, suggesting nceded rescarch and providing a useful bibhography

All of the contributors were very sensitie to the fact that far mese re
search 1s needed befare defimtne statements ean be made m regaxd to ther
topies Indeed, tno mtended chapters—phnsical performance from the per

3

spectises of the gencticsst and the psyel 1 rather
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PREFACE XV

mussmg from this book because of the editors mability to locate specialists
who beheved the available data adequate to support 2 worthwhile statement

Physical education has to do with the study of the human body in mo
tion Like the field of medicme, 1t reaches into many fields for much of the
data upon which 1t bases its practices As thev pursue their own pnmary 1
terests, mvestigators m fields other than physical education frequently make
discoventes that are of value to the study of the body m motion, and there
fore physical educators are witafly concerned not only with therr own re
search but with synthesizing all pertinent findings from whatever source to
form the structure of their disceipline It 15 hoped that the present sympo-
sium will assist i this effort to syathesize, sene as a valuable source of 1
formation to all interested m exercise and sports, and stmulate future
research

The following indniduals were of myvaluable assistance in the production
of this book Lucien Brouhe, Elsworth R Buskirk, and David B Dill In
addition, Emma McCloy Layman, Granville B Johnson, Jr, Lleanor Meth
eny, Celeste Ulnch, Lester M Fraley, and Richard Hendnicks were espe
crally helpful

And for somewhat more remote i tume but no less direct reasons, grateful
acknowledgment 1s also deserved by the late Gramville B Johnson, James G
Holland, R Edson Nyswander, and Frankhin M Henry

Warrex R Jonnsov






] ELEANOR METHENY

Introduction  The Sprral of Human Knowledge

Scientific truth 15 not a copy of an 1mage passively received but the frmnt
of a laborious and endless dialogue between thought and reality * At any
moment of history man s practices reflect what he beleves to be true at that
time but the extent to which his beliefs are in accord with the realities of
fact 1s dependent upon the acuity of hus powers of observation, his ability to
percene relationships and hus capacity for devismg theones which account
for these relationshups His theones grow out of hus observations, and each
theory he formulates tends to make his observations more acute by establish
ing a perspective withm which they may be more sharply focused, thus en
abhing him to ask more pointed questions which will i tum eheit more
precise information to be used m testing the theory As a result of this cir
cular process he may modify his theones which will then modify his belsefs
and practices This motivates the next phase of the endless dialogue and so
the spiral of human knowledge about 2ny area of mans life nses i ever

. B L3 -a LAt og .

em science prmitive man fashioned bis observations mto crude theones
that gmided his practices Some of these theones have been discarded but
many of them contamed the seeds from which contemporary theones have
flowered For example the genesis of William Harvey s proof of the aircula
tion of blood can be found m the pomutive abservation of 2 relationshup
between runmng and the pounding beat of the heart Morpurgo drew on
theones tested by many generations of men who lifted heavy stones to m
crease their strength when he enunciated Ins theory of muscle hypertrophy

1 Albert Dondeyne “Trath and Freedom A Philosophical Stady  m Lows de Racy
macker et ol Truth and Freedom Pittsburgh Duquesne Unuversity Press 1954 p 37

1



2 ELEANOR METHENY

The ntual war dances of untutored tnibes helped formulate the crucial ques
tions Walter Cannon eventually asked about the funchoning of the adrenal
cortex, and Hans Selye s theory of stress was anticipated by the w 1tch doctors
of antiquity

Within recorded history, landmarks on the nsing spiral of knowledge
about neuromuscular function may be 1dentified n the fourth century 5c,
when Anstotle noted the phenomenon of reflex action, and m the seven
teenth century when Descartes described the relationship between contrac
tion and relaxation 1 pawred muscles, 250 years before Shemngton pro
posed the theory of reciprocal innervation and validated 1t i hus laboratory
In the realm of therapeutic exercise, many of today’s theones have their
ongin 1n Galen’s second-century Exercises with the Small Ball, and a host of
divergent nineteenth century theones that led to the development of what
1s now called physical education rested on the careful observations recorded
by Hieronymous Mercunialis w De Arte Gymnastica, published 1 1569
Similarly, 1n our own time, every exercise theonst must acknowledge some
debt to A 'V Hill, whose M lar M t in Man, published 1n 1927,
established a new perspective within which the cffects of exercise might be
studied

In tracing the spiral of scientific development, howeer, the role of the
practitioner must not be overlooked, for 1t 1s he who decides the eventual
fate of all theones No theory can survive if 1t fails to meet the test of facts
demved from putting 1t into practice i ‘ real Iife’ situations, and so n the
area of human performance the fate of theones 15 determined by performers
and by the teachers and coaches who gude them It 15 they who ask the
pragmatic question “Is this theory substantated by the facts as observed
mn this specrfic situation?  If the obsened facts are not 1n accord with the
theory denved from the more hmited facts of laboratory expeniment, the
theory wall be discarded, but the observed facts will provide a new basis for
mvestigation which may enable the scientists to refine their theories Thus
the experience of the practitioner of exercise and sports becomes the second
voice 1n the dialogue out of which the spiral of knowledge nises

As the dualogue between theory and fact has gone on through the cen
tunes, man’s understanding of ns own nature and the factors that affect his

own well berng and physical performance has greatly mcreased Today's
childran nann A lh ae - - v I N

thing the trbe knew i order to surive Today more 1s known about man's
nature than any one man can possibly know To be fully informed about
even a very small subd of human knowledge requires a lifetime of
studv which precludes intensive mvestigation 1n other relevant areas of
thought This dilernma can be resolved only 1f specialists will assust each
other from time to time by providing bricf syntheses of the current status of
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theory and fact 1n therr own fields of intellectual competence This present
volume 15 evidence of the spint of cooperation which exists among scientists
and of therr willingness to share the theories which are relevant to the fields
of the practitioners

These syntheses of the current status of knowledge i speafic aspects of
science and medicine that are related to sports and exercise are wntten not
only for research workers, but also for teachers, coaches, and performers
As the prachitioners of exeraise and sports test current theones agamnst the
reality of the gymnasium, the rnning track, and the playmg field, they will
repay their debt to the scientists by providing them with more sharply fo
cused okservations of fact as seen within these present-day perspectives, to
be used m“mE)thmg the theones of future sctentists Thus rcaht): \vﬂl‘an






PART I

Structural and Mechanical Aspects of

Exercise and Sports






2 ALFRED W. HUBBARD

Homolinetics: Muscular Function in Human Movement'

SUMMARY

Human movement 1s the output of a complex, nterrelated action system
which has dwerse p Mitres and 1 Human has
many facets in terms of vanehes of perfarmzmce and research approaches 3
has been studied fmm a th I and p by p
Physiol teachers, and coache& swnce mavemcnt m some
fm'm or other 15 num s primary mode of perfurmmg, accomplishing, and ef
fecting mterchange with his b P have gen
erally led to superficial treatment, and pre analyses, p

p
with parts, have often led to the whole appearing more synthetic than syn
thesized The present chapter attempts to provide a sumple, theoretical
framework of reference mto which the mamfold and often conficting re
search reports will fit, thus it provides a umfied basts for understanding
skilled human output and motor performance
The active phase m muscle 1s specifically a tendency to shorten the ort
gm nsertion distance under neural control The alternatve 1s relaxation,
accompamed by oxidatrve restoration of potential energy But muscle
Ianth, and more espectally changing length, alters app bly the external,
of wternal lar tension The mherent relations
are such that the muscle intiating segmental movement renders progres
swely more unfavorable the conditions for external application of its mn
ternal tension Skill, or effective utihzation of muscular force within the
mherent hmutations of such a system, 1s difficult to acquire and even more
difficult to explam briefly
The agomst shortens itself somewhat n wutiating a stroke but the seg
tment, having mass and being free to move, has momentum and when set m.
motion has kinetic energy so that it continues in motion unbil acted on by

1The author 15 indebted to L. D Hartson and Pauline Hodgson for a cntical review
of this chapter
7



§ ALTRED W HUBBARD

an outside force (an external object, gravity, or @ muscle with opposite ac
tion) Consequently, the muscle normally starts the segment and lets the
segment contmue i motion by its own momentum Or else the muscle
tends to produce an smpulse (some force for some duration) rather than to
pull the segment along behind 1t as 1t shortens Muscles are placed anatom:
cally to oppose each other’s action yet they need not oppose each other's
action dyrectly—one pulling and the other snubbing Such mutual reststance
wastes energy and 15 fatigumg and abnormal since tense stass tends to result
So, 1n general even w slow movements the muscles tend to act with inde
pendent, alternate, discrete bursts of actwity of low tensity and of about
50 mulliseconds duration with the agontst accelerating the segment shghtly,
then the antagorust decelerating it shghtly, and the process continuing with
oceastonal momentum phases in between Thus, 1n both slow and fast move
ments the normal basis seems to be essentially unpulse action to generate
and degenerate kinetic energy n seghents, rather than pulling and snub
bing

The musele essentially a viscous mass, inherently resists a rapid change of
shape [f the agomst continues to develop tenston (as in the laboratory 150
tome condition), the mternal, “ viscous 5t mereases exp it
and soon equals the maximal muscular force, leaving the muscle no residuadl,
external force for accelerating the segment The segment can continue to
move by its own momentum but the muscle cannot shorten stself as rapudly
as the segmental movement shortens its origin insertion distance, so the seg
ment outruns the muscle Consequently, rapnd skilled moventents are mmty
ated by a ballistic impulse, or thrown, and the kinetic energy of the segment
does the work Under certam circumstances this imtial mpulse stops
abruptly—ether to lot the segment enter @ momentum phase or to avoud in
effective dusipation of tension aganst internal resistance Control of rapid,
skilled movements restdes in a correctly diected wutial unpulse, or combr
nation of tmpulses The successne parts of slow mavements are smtrated n
the same way—by an ympulse 1n the agonist wiuch ceases Slow movements
appear more controlled because the errors are mcroscopic—and 50 s pro
ductinty But fast and slow movements are produced by the same system in
much the same way

Maxumal external {utihizable) force m muscle 1s developed under wso-
metne conditions with some mitial stretching Strctly shealang the cond:
tion 15 not 1sametne 1f movement occurs and the tension 1s not uhlizable
{except for supporting somethung) unless movement oceurs Thps apparent
paradox may be avoided n human movement by having an 1mitigl stretching
1: hf:ccho ,:‘sd;f::;o:matd{' eﬂunl to the shortening during acceleration so that
Torea xmportanfss;:rf:r Jl;;sf ’not ;xact!y, wsometric Consequently, where

. wind up,’” or m complex movements throw

segments o motion 1o put muscles rmtating subsequent achion on a
streteh T'or the same reason, much skilled tends to be al
since each opposing muscle 1s thus wtially stretched by the stroke ; will




HOMOKINETICS MUSCULAR FUNCTION IN HUMAN MOVEMENT g

decclerate In reciprocal ballistic mosements, each agost acts alternately to
decelerate, reverse, and accelerate the segment under conditions which are
both essentially sometnc and essentrally 1sotome but, in the latter case, with
out the usual 1 of tension dissipation from mternal resistance
duning rapid shortemng In general, each agorust acts dunng about a third
of the cycle and relaxes during the other two-thirds Since the limb, once ac
celerated, will proceed to the imts of the jomnt by s own momentum, the
amplitude of the stroke 1s relatnely unimportant, but since kinetic energy
P PP Jae

A major obstacle to acceptance of the general principle of ballistic (m
pulse) action as the basis for skilled movements has been the action paten
tial evidence of muscle action n tracking problems where the segment 1s
moved quickly to a new fixation In such problems, or in moving a imb
quickly and returmng 1t slowly, the ongmnal agonist has a dual function
After accelerating the stroke, the agomst must shorten ttself as rapidly as
possible to prevent the ballistic return of the stroke by the decclerating, re

versing, and ! action of the gonust In such probl agonist
and do act i ly dunng the phase of the
stroke (if the stroke 15 of suffi plitude for the phase to

apprear), but they do not act ssmultaneously on the segment The agomst,
having accelerated the strole, contirucs to act aganist sts own viscous resist
ance 1 order to shorten itself but exerts no external force to accelerate the
segment, the st acts it ly to decelerate the segment Since
the wntensity and duration of the antagomistic impulse rarely balances ex
actly the kinetic energy of the segment, the onginal agomst must shorten
iself 1n order to act in the shortened condition and fixate the segment
Tracking problems generally imolve strokes of short amplitude and high
speed so the mtial acceleration tends to merge into the deceleration, and
the momentum phase, characteristic of ballistic strokes of greater amplitude,
tends to disappear

The human neuromuscular system has numerous lags and limtations but
within these, extreme effcctiveness 1s possible Since movement 15 the es
sence of overt behavior, an und ding of human t 15 basic to
an understanding of normal and abnormal behavior, or supenior and m
fersor stall The multtude of experimentdl facts and artifacts m the me
charucs, physiology, and psychology of human movement make this difficult
without some mclustve and relatwely ssmple framen ork of reference

MAN—A REACTING ORGANISM

The apparent multiphicity of responses m Iving orgamisms can be reduced
ultimately to two basic forms movement and secretion Varous organs and
tissues appnse org of events 1 themseles and their surroundings
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{sensory), transport blood and restore energy (cardiorespiratory and alimen
tary), support and protect (skeletal), and conduct and transmut (ncural)
Without mimmizing therr separate and collective importance, these vanous
organs and tissues may be considered as supporting, subscrving, and mam
taming the basic response systems The basic response systems, n turn, act
on and react with the environment In this interchange of achion, the glands
react to changes 1n the external environment but, 1n general, secrete into the
blood stream or alimentary canal and so change the internal environment
or aud alimentation By changing the internal environment, glands affect
mdirectly the interchange of action with the external environment But the
pnmary terchange with the external envitonment depends on motion ox
muscular action n some form In other words, Inimg, adapting, and effect
g changes n the external environment for any purpose depend ultimately
on movement and the lar system Tund: tally, from a func
twonal viewpoint man s movement

Of course, stating that man 18 movement docs nat ymply that man 15 noth
g but movement, nor that muscle 15 all wmportant In viewing man's amaz
g diversity of accomphshments and m attemphing to name, clasafy, and
ascnibe underlying reasons for them, we must reahize that without movement
man would be a vegetable, but with it he may only be a higher level amimal
Not only perfs whach ate of Ty pred Ty lar, but all
other human production and 1om consist fund: Tiy of mo
tor actiity Perception and understanding of the world around us also de
pend, n part on our ability 1o move Lsen memory, fiunking, and concept
formation may well depend on subavert movements of spealing and wntimg
1f the statement ‘man 15 movement  seems far fetched, 1t 15 equally un

(senses) and effectors (muscles), and hence must be 1 the central ne;w ous
system or the bran Is thiniking this smple? We know somethung goes

gets filtered and muddled up with things already 10 and eventually comes
out, or gets lost But what 15 mvolved in the filtenng and muddhing up? The
bram 15 a complex of nerve tissue, a complex of connections The primary
function of nerve tissue 1s to conduct and transmit to pick up, canvey, and
delner impuises through the body Some 1mpulses are picked up and de
tvered mside the nen ous system because of its structure, but it 15 hittle more
than a convement evaston to assume that thinking 15 completed entirely
within the nervous sustem This 15 na more logieal than Yo assame that ac
tion results from muscular actiuty alone We hnow that thmking elevates
metabolism and that sometimes we cn see evidence of * thought processes’

mn_operation—the subovert becomes overt Consequently, a process m

volung sensof neural muscle (with subovert action) sensor neural

and eventually overt motar processes 15 as Togical as one assuming sensor
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neura neural neural motor processes The intervemng processes 1n thinkmg
could smolve prmanly subovert muscle action affecting sensors as well as
wholly neural action, so the muscles may have more to do with thinking than
15 usually supposed At least, 1f we seek to understand complex human behav
101 10 terms of organs and functions, we must eventually concern ourselves
with the basic common component—muscles and their action, or move
ment

Man's mterest i lumself and hus surroundings 1s age old, but with the
mtachine and the more recent electronic age, research has proceeded at an
accelerated rate partly through great stndes in mstrumentation, but also by
greater speciahization and compart talization These have led to a rapid
proliferation of facts and also to progressnvely more hmuted integration be
cause of specrahization and comp talization Research m any area pro-
ceeds pnmanly by finer and finer differentiation, but knowledge and under
standing depend on integration and interpretation More refined differen
tiation has led to more refined mtegration, but the fact that integration 1s
limited to the terms nsed 1 differentiabion 15 aiomatic So greater specaali
zation and compartmentalization of knowledge has led to greater krmtations
on mtegration, or to what are partral mtegrations within areas of specialt
zation rather than complete integrations Integrations of man from the
myopic viewpomt of specalized areas often leave one feeling as one does
after Jeaving a hall of mutrors——the parts of man are subjected to vanous in
teresting and strmulating exaggerations, but the result 1s not man

Between area ntegration 1s needed penodically to brng e
search mto a broader perspective and, 1f possible, to restore a better frame
work of reference for considenng new findings n vanous areas Human
movement needs a framework of reference Compehtive athletics, along
with skilled performance 1n any area, provides a bas:s for testing vanous con
cepts at one extreme Apart from structural abnarmalities, the functional
abnormahities of disturbances of posture, movement, and emotional expres
sion must be explainable at the other extreme Between the two extremes,
we have the develop of effi the mmp t in performance,
and the learming of productive and forgetting of unproductive responses
which undeniably occur The abnormals are more nteresting than the
normals The supernormals, m general, can take care of themselves, but the
subnormals are the concern of medical and psychuatnic doctors and of phys
wlogy and psychology—so we know more about idiots than genuses How
ever, a suitable framework of reference for human movement 1s a large order
which can only be filled here 1n prnciple The detarls may be found else
where Smnce movement 15 basically physical, we start with physics

Prysics

Physical concepts dealing with matter and energy have three basic van
ables—mass, space, and time Matter, which occupies space, and energy,
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which 15 capable of doing work, may interact and be transformed but neither
can be created or destroyed In other words, the nteractions and transforma

tions balance and are explamable Bodies have mass (M), veloaity (v}, mo-
mentum (Mv}, and a state of motwon, or if v 15 zero, 1mmobihty The prop

erty of bodies to conhmue at rest or 1n motion 15 mertiz, and that which
alters thus state 15 a force According to Newton s first taw of motion, bodes
remam 10 a state of rest or motion unless acted on by an outside force The
second law establishes a balance between the cffective force and the change
of motion by stating that force equals mass tumes acceleration (I = Ma)

The third Jaw states that every action has an equal and opposite reaction
which balances or consenes the energy of the system The ponciples of
New toman mech have been superseded m some ways, but they still pro

vide a basic approach to und ding the mech of human

Damng work mvolves displacing a body, and work equals force times dis
placement (W = Fs where s 15 space or displacement) Displacing a body
rapidly requires power, the time rate of dong work (Fs/t, where t 15 time,
or I'y, whete v1s s/t) Dong work requires a transfer of energy, and since
energy 15 conserved, the gam of kinetic cnergy in one body and the loss 10
the other equals MV?/2 This comes from W = Fs, Newton’s second law
(F = Ma), and the fact that 1f a body starts from rest, s = at?/2 To avord
further complications, note that momentum equals My, force equals AMa,
and kinetic energy equals Mv?*/2 So if mass (M) is constant, momentum 1s
proportional to veloaity force 15 proportional to acceleration {or decelera
tion}, and kinetic energy 15 proportional to half the veloaity squared Or, of
mass and other physical relationshups can be considered essentially constant,
we can mterpret motion 1n terms of veloaity and veloaty changes

How should we consider human motion, i terms of thus 3f? Human be
ngs are ily b and t g The masses and

ts differ app bly 1 dff bodily parts and they differ appre |

cably between indwduals Where mass and anatomacal relations differ con
siderably, they must be considered But m an mdividual, or m a group of
Tike individuals, the mass, leverage system, and moments of mertia are essen
trally constant, and hence mrelevant m compansons Within Timats, people
ate more hke than unlike lly, and also probably m the 1
underlying their movement Consequently within limits, human movement
may be considered from a quas mechamical viewpoint, as of 1t depended on
velocity and velocity changes This approach simphfies undetstanding muscle
action in movement because it focuses attention on the primary function of
muscle—its ability to overcome mertra and produce velocity changes 1 seg
ments by acting as an * outside force”

Gravity acts 1n human performance as a force continually accelerating the
body and 1ts parts downward and as a resistance agamst which we must ex
pend energy 1n muntmiming a position or rasing owrsehyes Gravity 1s also a
simple force with essentially untform acceleration (g 322 feet/sec?) which
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physcists commonly use m work, power, and energy formulas In consider
mg work agamst gravity, displacement (s) 1s taken as vertical displacement
and g 15 substituted for @ m at'/2 However, thinking of work as entirely
work agamnst gravity leads to an interesting paradox m human performance
Thus, 1f we chmb a mountain and return, or break a track record on the flat,
we have worked hard to do no work against grawity simply becanse we even
tually gamed no clevation In these terms, we are everlastingly dissipating
our energy and using our power with zero efficiency This seemingly stenle
conclusion results from having assumed that s 1s vertical displacement and
50 g equals ¢, and then trying to explam human performance 1 terms of
wark against gravity alone We mght say that human bengs have other ways
of “gamning elevation

If the mountaimn chmber returns to the same elevation and the runner does
10 work agamst gravity, where does the energy go, or how do we explamn its
conservation? Each converts potental (muscular) energy into kinetic en
ergy, the energy of moving imbs by which he moves On each stnde, muscle
action has to degenerate the kinetic energy and regenerate 1t n reverse
Since kinetic energy 15 evponential, a linear mcrease 1n speed requires an
exponential increase m energy expenditure The fact that no work was done
agamst gravity mdicates that we should look elsewhere to explam its ex
pendrture, not that no work was done Work agamst gravity 1s a factor
but often an ummportant factor, in human work

Axatomy

‘The anatomical compleutes of even the neuromuscular system lead to a
maze of intngung ntncacies unless reduced to a simple action system
Anatomy 15 never this simple but, 1n essence, the system consists of two
bones with a jomt between, one muscle to flex and another to extend the
jomt, and a motor nerve serving each muscle The bones serve as supports
and levers Bones and ther surroundmg tissues make up segments with
mass and mertia Hence, the segments tend to continue 1 a state of rest
or motion until acted on by an outside force Unless the segment delwers
or recewves a blow from outside, human movement 1s the result of the mter
action of two types of forces, namely the external, constant accelerating
force of gravity and the mtemal, controllable forces from muscles or muscle
groups The muscle 15 essentially an enclosed viscous mass with contractile
properties In the absence of neural stmulation, the muscle tends to as
sume resting length (relaves) Under neural sttmulition, the muscle tends
to harden, bulge, and shorten (contracts), but if shortening proceeds rap
wdly, 1nternal (viscous) resstance develops The tendency to shorten everts
force between the ongin and imsertion of the muscle, and this s the mternal,
controllable force 1n human movement The whole system 15 controlled by
nerve fibers which can only act or not act, transmt, or fail to transmmt 1m
pulses
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A musconception concerning muscle action anses from the dametncal ar
rangement of muscles about joints Muscles are arranged to oppose the ac
tion of other muscles so the hmb may be moved i esther direction, or i sev
eral directions depending on the type of jomt and the muscle arrangement
Counteracting muscles may oppose each other s action directly The assump
tion that they must 15 gratuitous Moreover, the muscle tension on both
sides of a jomt can mcre‘ase toa maxxmum‘wnhoul‘ mu\;xlg‘the Tmb ap

exceeds the other

Such self induced catalepsy will mcrease strength but it wastes energy
and provides a poor basis for explaning all movement Motian may be pro
duced by an imbalance of muscular forces since auy shght difference in favor
ot ane muscle will produce acceleration The absolute force m the agonsst
(drving muscle) and antagonist (c‘mtntemctmg muscle) may wncrease from

a force equal to the difference if the antagomist simply relaxed The basic
function of muscles 15 to overcome the inertia of the imbs and produce fast
strokes except that some action 15 necessary to prevent collapsing Energy
expenditure to act directly agamst or counteract the action of an antagonist
15 wasted although muscle action to resist the reaction of other muscular
action and fixate jowts to produce a desired action 15 necessary The * self
wduced catalepsy concept 15 paricularly diabolical because 1t anses from
the perfectly obvious anatomical arangement of muscles and because 1t 15
2 hudden assumption impossible to exorcise from much literatare

The most common vanant of the self induced catalepsy concept 15 co
cantraction of antagomstic muscles Muscles having opposing action often
act sunultancousty In fact, after an extensive Teview of the 1esearch btern
ture, HhIl (22 65-66) reported that the majonty of rescarch workers found
so much evidence of simultaneous cocontraction of antagomshe muscles
and so httle endence of ballistic (umform seloaity) strohes that they ques
tioned the custence of the latter in normal human movement The ewidence
must be accepted, but 1t should be evaluated with respect to the expenmen
tal conditions under which 1t was obtamed before yud 18 rendered con
ceming normal muscle action m skilled movements However, muscle
action to alter the inertia of segments or, more speaifically, to produce sud
den massie, externally effectve imbalances scems useful Muscle action to
counteract the mertia produced by action of other muscles 15 an anatomeal
necessity But muscle action to counteract stmultaneously and directly the
actron of other muscles seems wasteful and seems to provide no sound bisis
for understanding skitled movement
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Shetnngton's monumental study (40)* has been interpreted by many as
evidence that simultancous cocontraction of antagomstic muscles 1 funda
mental to human movement ¥s findings can be accepted, as far a5 they
apply ta postural reflexes m decerebrate cats If the cat survives, he can
stand, move about slowh and blindly, snarl if untated, and even drmh milk
1t hus nose 15 placed in 3t He can survine with Tus refiexes at a low level for a
cat, but he 1s not normal Sherrmgton showed, among other things, that a
sudden push on the cat’s paw was resisted quickly and forcefully

Many shaers also act 1n this way When frictional xesistance to the shding
skt mereases suddenly, thewr refiex 15 to push down—and go end over end
beeause the push further the fi 1 so that the skis
stop, but the shiers do not Good shiers do not continue to act ke decere
brate cats, they train another set of refiexes Sherungton should not be con
demned on the basis of gudt by gssociation but, although he advanced aur
understanding of spmal refiex action, others have taken this as the basis for
4 theory of skilled mosement because st meshes neatly with the idea of s
mmitaneous cocontrachion of antagonishic muscles and seems to presene
the balance of the neuromuscular system Thus, it ties n wath Cannon's
concept of homeostasis However, the neuromusenlar system produces ats
external effects by sudden, massive, effectne imbalances~—and leaves the
sest of the system to restore the balance Consequently, the postural reflexes
of the decerebrate cat seem to be a poor analogy for genmerahzing about
shilled human performance

A preralent and convement mmscanception of action s the newromuscu
Tar movement system, usually bound up wath cocontraction of antagonishe
muscles and reflex action, 15 that the parts of the system act simultaneously,
orn phase While recogmamg the underly ing causal sefation between nerve,
muscle, and H , the app togetherness has Jed many
authors {for example, 11,16,19,49) to interpret human movement os though
events i the motor nerve and muscle were m phase or oceurred simultane
ously with events in the movement ¢ycle The i phase assumption 1s con
vement becanse 3f nene achon, muscle action, and hmb action were 1n
phase, then events in the nerve and muscle action cycle could be inferred
from events 1 the movement cycle The logical basis for the “in phase” as
sumption (with vahd parts itahicszed) 15 that the nerves control the muscles,
the flexor muscle flexes the jomt by shottening itself (and the extensor lets
it extend), and os the jomnt flexes, the ongn and nsertion of the flexor ap
proacit each other (and vice versa), so as the joint flexes the flexor must be
contracting and extensar relavng, and the motor nenes must be providing
appropnately graded stmulation The portion of this assumption that makes
the conclusion non sequitur 15 hard to spot because 1t 15 a half teuth The
acting muscle tends to shorten atself and 1 smbating mosement does

* Parenthetical mumbers refer to the bibhographical mformatian ghen at the ends of
chapters
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shorten 1tself somewhat But if appreciable acceleration 1s produced, the
momentum of the segment will continue the flexion and the muscle cannot
shorten atself a5 fast as the hmb can move (the evidence will be presented
Yater) Efficient muscle action yequires that the agonist ymtiate the stroke
under the most favorable conditions and that the antagomst remain relaxed
until 1t must act to degenerate the kinetic energy of the mb before move
ment stramns the jowt (unless we want to expend energy on something or
somebody) The fallacy of the n phase assumption n fast movements
has been pomnted out several times but its convemence will perpetuate 1t
(chronologically 23,106~108,29 18 24,42 26,43}

Anatomical relations were reduced rather summanly at the beginning of
this section to a simple action system  stressmg basic functional relation
ships Then focus shifted to vanous misconceptions which were related
one way and another to an assumption stemmung from anatormical relations
Tunctionally, the human movement system involves two cycles (using cycles
ta mean a senes of events that are repeated regularlv or rregularly), a nerve
musele cycle and 2 segmental movement cycle (with sensory feedbacl)
The events in the nerve muscle cycle are the imtiation and cessation of mus
cle action under neural control and this part of the system 1s pnmanty phys
10logical The events w the movement cycle ate flexion and extension, ex
cept that no motion or fixation may occur at any pamt m the cycle This
part of the system 15 pnmanly physical mechanical

The two parts of the system are both independent and dependent
‘The normal order of events or actions 15 nerve muscle, bone, and mosve
ment The active phase of the nencmuscle cycle provides the iternal,
controlfable force to generate and degenerate kinetic energy 1n the segment,
but the himb can move without muscle achion, and the muscle may be ac
tive without the hmb moving Gravity will generate kanetic energy m the
segment and kinetic energy may be degenerated by reaching the lumit of
the jomt or an outside abject (either may have disagreeable results) Tach
element also acts back on the others Muscle action and joint movement
produce sensory sumult Movement changes the relations at the jomt Ths
changes of angle of mnsertion and more especaally, the ongin msertion dis
tance of the muscle Changing the angle of msertion alters the effectwe
force of the muscle and changing the ongin insethion distance alters the
conditions under which the muscle dey elops tension Rapid shortening may
dissrpate the entire musewlar tennion and Yeave no externa) force available—
provided tension 1s beng deycloped dunng rapd shorterung  Moreover,
o v e o s, o, o hetet g ad
relations of events occurnng at oEe (l) slcquelm o Eoyoratae shout (he
sume that they remam n hg oy e and especuly to a5

phase, }Slze:ns extremely hazardous The alternative

d
5 to actiity of muscles m human
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movement at vanous rates, or simply how muscles do act in human move
ment

MUSCULAR MOVEMENT

Covtracriov RELAxaTION

The pumary event ar actne phase m the muscle cycle 15 a penod of ten
sion development dunng which the muscle hardens, bulges, and tends to
shorten Thus 1s commonly called coniraction, which means literally a short
emng, drawmng together, or withdrawing The counterpart 15 relaxation, the
reJoosening, or cessation of tension devclopment The terms are useful i
desenbing muscle action as long as, and only a5 long as contraction 15 used
to signify a peniod of tension development, and relavation a period of ten
sion cessation When contraction 1mplies actual shortening and relaxation
umphes lengtheming of the muscle the in phase assumption 15 mdicated
To avoud confusion, the actne phase of the muscle cycle 1s better descnibed
as the penod of tension deselopment, or as the tendency to shorten This
distingmishes events i the muscle cycle from events in the mosement cycle

‘Where reference to the changing length of the muscle during tenston de
velopment has been necessary, the term contraction has often been used
{with the * n phase assumption) to mean tension with shortening and the
contrasting condition has been called 2 lengthening contraction  From a
semantic viewpoint, the latter 1s contradictory, although the meanng 1s
clear To avoud the contradiction, the terms concentric and eccentric con
traction have been substituted to mean acting with and acting agamnst the
movement Since these adjectives actually mean with the same center and
off center, or erratic, more accurately desenptrie adjectines wounld be mo-
metric (lesseing length) and pliometric (more length) These with wso-
metric, cover the possibiliies

Levers or Covtracrion

The absolute value of muscle tension may sary from zero to some mav
mum, although the mtact muscle probably rarely, if ever, reaches esther
hmit The muscle fiber responds (presumably maumally under the evsting
conditions) to each nerve unpulse that crosses the myoneural junction The
nerve mmpulse 15 of short duration (ca 2 ms ) and unless another impulse ar
mses shortly, the muscle fiber relaves A senes of ympulses ammving before
their respective relaxations progress very far produces a building up of ten
ston, the “staircase effect  If impulses continue to arnve rapsdly, tetanus or
a tetanic contrachion results Anatomically, each motor nenve fiber serves
from one to many muscle fibers (Shemngton’s ‘ motor umt’ } The level of
contraction depends on the frequency/nerve fiber, the number of nene
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fbers (and perhaps which fibers) and the duration of exartation or on the
denuity and duration of neural stimulation Myogeme contraction 15 also
possible as the result of a blow

Isolated tension development 1 one or a few muscle fibers 15 2 twitch
and random finng of muscle fibess produces fibullation  Ordmanly neither
produces movement and they ate considered abnormalibes However f the
muscle fiber or a small group served by one nenve fiber were m tetame con
traction or if all muscle fibers were to respond simultaneously to one nerve
mmpulse the contraction would probably not move the imb because m one
case the density and 10 the other the duration of muscle action would be
msufficient In recordings of muscle action potential many mvestigators
find twitches—achon potentials of farr magmtude but short duration—or
rather low lesel but faidy continuous action (which may be simply noise 1
the amphfiers) These are often interpreted as evidence of action n the
mauscle even though the hmb shiows no corresponding cvidence of accelera
tion or deccleration Evidence of even very low level action i the 1ntagowst
15 also often taken as evidence aof cocontraction The absolute magmtude of
muscle action to produce minimal acceleration or something like the the
obase tn nenes 15 impossible to determine m sity or at Ieast would be ex
tremely difficult Howeser Stetson and Bouman seposted that muscle ac
tion potentials with durations of about 45 to 50 ms were sufficient to dnve
the limb through its excutsion and called thus  the motor umt —a func
tional rather than an anatomcal unit (45 209)

Tsoronie TsonceTric

In the mneteenth century phssiologists studied the contractile properhies
of exaised muscle with a lever and Lymograph a3 15 done 1n beginning lab
oratoty courscs today The muscle was shmulated with 2 umform electne
shocl. to produce an 1sotomic (same tonus or tension) contraction as it
shortened m hiting weights Even with reasonably well standardized conds
tions nterpretabon of the evidence was rather confused untl Fick {14)
suggested m 1871 that the sometuc (same length) condihon should be
used as a laboratory control Under sometuc conditions the muscle re
straned from shorteming exerted ats full force on the recording instrument
By companson the muscle lost exponentially more tension as the speed of
shortening increased under isotonic conditions Simce the muscle restrained
from shorteming moved no weight and thus did ne work physiologists have

dered tension devel under 1sometne conditions as of lttle
funchonal importance 1 human movement By etymological evolution
wotonic has lost its meaning of same tension and has become 1dentificd
with tension devclopment dunng shattening which 15 considered the effec

tive work producing active contraction phase of muscle achivity i human
movement

sl t
For many vears phy 7

preted human tan terms of the
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Iaboratory muscle preparation 11 which the muscle started from rest and did
work with an sotonic contraction, or more accumte]y under mometnc con
ditions When consideration of phometnc and sometnc conditions became
an obvious necessity, Fenn (13) suggested three categones of tension m the
following order tension dunng shortemng, 1sometric tension, and tension
dunng lengthening The 1sotomie contraction, tension dunng shortemng,
was placed first because of sts (supposed) p p Fenn’s
schema was used by Lloyd (34} n discussing functional activity of mus
cles The order of shortemng same lengthening 15 the exact reverse of the
functional order where, to put 1t in simple terms, the windup precedes the
pitch and 15 used to put the muscles under a stretch as they develop tension
The necessity of “windimg up” has been fundamental m athletic perform
ance for years As far back as 1920-1921, Dor (5) showed that mauimal
tension occurred not under isometnc conditrons at the muscle s normal rest
ing length, but under mitial extension of from 1 2 to 13 times the restng
length®

Morton, 1 a scholarly and interesting study of walking, put the changing
length conditions m their proper order, lengthening same shortening (35,
215) However, he synthesized muscle action from jomt movement and
(pnmanly) gravtational forces (the ‘in phase” assumption) He recog
nized a period of “muscle tension’ under phometne and 1sometnc condi
tions, but “muscle contraction” was speaheally the “active shorteung of
muscle {contractson) aganst external forces (isotomc tension) ”
Thus, the physiological dogma persists that muscle action for domg work
wwvolves shortening and 1mphes 1sotonic tenston development In Morton's
study, these assumptions led to no glanng errors since he was deahng with
Iow velocity and pumanly antigravity movements, so the objection may seem
largely semantic 1f he had used this approach to high seloaty movements,
he would have run mto the problem of muscle viscosity

Viscosiry

attnbuted this to internal resistances which n combmation acted hike vis
cous resistance (hquid resistance to a change of shape) Muscle viscosity
has been used as a hypothetical reason for differences mn runmng abibty
(greater viscosity supposedly gomng with slower runming) Muscle viscosity
st 1 rather hard to measure, so no one has tested this hypothesis How
ever, Hill (20) developed an mertia wheel for measunng muscle viscosity

*Ramsey snd Strcet (], cell &, comp phyol, 1940, 15,11-34) contradict this
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i situ, and the viscosity factor for mtact muscle has been recalculated sev
M *’ 4+ {o runners at Comell and
1sed to overcome the fric
€ ‘viscosity’ of the muscles
themselves ' Hill went on to say that the exponential increase i energy cost
with speed was due to the hinetic energy of the anms and Jegs which had to
be generated and degenerated Actmally, his viscosty factor more than ex
plamed the enesgy used
Fenn abjected on the basss that 1n runmng nat all of the energy could be
expended i overcoming viscosits and 1n a senes of studies (11,12,13) tred
to set matters nght He restudied Hall s viscosity factor for mtact muscle (13)
and arnved at a factor that was 1bout 4o percent of Hull's But even with
this, he found that at 1ts maxumum speed of shortemng 1n sprint runnng
the tectus femons lost 112 percent and the biceps femons 115 percent of
sts tension as a result of viscosity (12) These rather brzarre findings resulted
from the assumption that the muscles were attempting to exert force dunng
the rate of ongin h g Both authors accepted the
“m phase assumption Tenns 1 would be ptable provded
they were stated 1n the following form  1f the muscles which were presum
ably acting to draw the hmb along with 1sotome contractions were acting
the force necessary to overcome their own viscous remistance would have ex
ceeded by 12 to 15 (and 10 some cases more) percent the maximum force
of which the muscle was capable” The paradox atose from an unrecogmzed
assumption
Lvidence that the drsing muscles m homan locomotion were not acting
1 phase with the movement was found by Hubbard before 1936 (23) and
published 1m 1938 {29) Ths was later corroborated by Elftmann (8 ¢) who
showed by a complicated mathematical physieal analysis that the forces pro
ducing the veloaity changes m the lower imbs occurred during the change
of duwection of the masement cycle In other words, both authors showed
by different methods that the muscular forces acted at the end, reversal, and
beginmng of the strokes and dropped out dunng the stroke, rather than
achng throughout the strole as Fenn and others have assumed

Covrractioy Barnistipur
Although most physiologists have 1y perp d the ‘i phase”
P Beaums (2} provided a wital hey back m 1885 when he e
ported tus research on simultineous contraction of antagomistic muscles
e found that sometimes the agomst drew the hmb along agamnst the re
sistance of the antagonist, but hie also found i fast strokes what he called 2
‘contraction ballistigue  This type of contrachon ympelled the himb, or
acted as an wnpulse (Ft, some force for some time) The hmb, once ac
celerated by the impuise, continued by its own momentum, and the muscle,
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having developed inetic energy an the hmb, relaxed The concept of
smpulse achion was vevclutionary m physiology and contrmy to the “in
phase” assumption Although the sdea was perfeetly reasonable on physical
grounds, 1t has nexex been widely accepted

0ddly enough, the first practical test of this new concept was made ten
years later i the area of sport by Richer who analyzed a soceer bk {37}
Beaums’ sdea that muscle achon in fast and slow movements differed ma
tenally was picked up before 1905 by Athanmasiu {1), Rseger (38), and
B ST taterov o Vi dr e o

.. u
strokes In 1923, he publishied with McDill (46) a2 clasafication consisting
of fixation, slow movement, and rapid (ballistic) mosement Dodge (4)
had previowsly reduced cye movements to fne types fication, moving
fixation, saccadic jerks, convergence, and rotation By comsidering con
vergence and rotation as essentially fixation or moving fivabion, this gives
basically fivation, moving fivation, and saccadic jerks—swith the last the
rapud, balhshe, mterfivation movements of the eye Thus the sumlanty
between eye movements and the peneral classification of all movements by
Stetson and McDill becomes obvions

After further expenmental work, Stetson published a fourfold dassif
cahon with Bouman 1 1935 (45,200} This classification had twe mam
categones, slow, tense ts and ballistic mo ts, with two sub-
categones under each fixation and moving fixahon under slow, and loose
ballistic and tense balhstic under ballishie The only essential <hange from
the 1923 clasnification was the addition of “tense ballisti, which was an
abnormal form Jeading to occupshonal nevroses Thus w essence Stetson
teduced Dadge's classification of eye to three archetypical
normal forms and added a fourth abnormal form to cover all forms of hu
™man movement

Fuation was “the tensson movement approschung null elocity the
movement of holdmg sull,” or posture wath attendant nemor Moving
fixation, “the tension movement,” imolved cocontraction and an m
batance of forees, a5 1n forging a signature where wrregular, jerky movement
1eveals the muute adjustments m the slow controlled movement The loose
ballske mevament sas the skalled mosement, the quck, apporently effort
Tess, smooth, and accurite stroke which 1s hasic m speaking, wahing, typing,
playing mstruments, or playing sports The loose ballstic strole was
charactenzed by an unopposed burst of actwity m the agomst winch e
celerated the humb and then stopped as the hmb swung free by its awn

The “stiff " or tense ballistic was hhe the Jome

ballistic 1 that st was mmtrated by a sudden, ballishie contraction, buf wes
also like the tension movement m that the hmb was essentially feated Wity
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this “forced tremor,” movement cycles could be executed at a shghtly tugher
rate than with loose ballistic movements, but this resulted n excessive fa
tigue and vanous occupational neusoses if continued

Stetson approached human from a broad theoretical and
practical viewpont He was precise and pamstaking so hus reports were
both nchusne and conewse, which did not make for easy reading A much
more readable and comprehensne teview of research n skilled movement
was presented by Hartson m 1939 (18) In 1947, Harus Hill presented
another excellent revien 1n which he accepted Stetson’s categonzatian {(46)
as the best basis for ordenng laboratory swork on human movement, with
two reservations ‘These were first that many able expenmenters found no
evidence or very doubtful evidence of balhistic movements 1n their tecords,
and second, that the electncal occurrences connected with muscle con
traction remamed a controverssl maler (23,65-66) Both reservations
were valid the first because the majontv of expenimenters have faed to
find ballishic {momentum) strokes for reasons which will be explamed
later, and the second because expenmental determination of the phase
relation betwecen mavement and muscle action 1 human movement 15
extremely complex and difficult

Barvwstic IsoneTric MovEMENT

The suggestion that the supenor eficiency of shilled movement might
be attnbutable to utihization of something closely sesembling the 1sometnc
contraction was first made by Stetson and Bouman (45 210) 1n refernng to
the ballistic movement, with its essentially 1sometric contraction ™ Shortly
after, the efficency of walking and running was found to depend on bal
istic strokes with the dnving contractions occurnng under essentially 150
metne conditions (25,29} Another paper presented further evidence that
1 reciprocal ballsstic movements the agonist not only decelerated one stroke
and aceelerated the next with 2 siugle burst of activity and then relaxed to
Iet the hmb proceed into a momentum phase which was caught, reversed,
and retumed by the antagomust, but also that the discrete bursts were of

Qly the same de and for stiokes of the same ve
loaity (24) The magmtude and duration differed for strokes at different
rates Thus at feast in recaprocal ballistic mosement cycles, the muscle force
acted as an impulse (Ft) or acted as an essentally umform external force
for some duration Whether the internal tension deselopment conld be
conudered wotonic depended on the conditions of thanging muscle length
under which the tension was des eloped and apphed

FPhysiologists generally use “1sometnc” in a strct sense which makes it
analogous 1 human mosement to fixation, as in supporting a werght mo
tionless, or the mstant of null veloaity betwcen extension and flevon How
ever, the penod of tension develop m 11 ballishie
occurs quite symmetrcally about the hawpm curve at the end of the stroke
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* as it degenerates

{mometnc) as

1ng deceleration
and acceleration 15 very nearly equal and the lengtheming and shorteming
15 shight compared to the amplitude of the stroke Whatever dissipation of
mtemal tension resulted from viscous resistance dunng shortemng and
acceleration would be maiched by a gain dunng lengthening and deceler
ation, so the net loss would be zero and the conditions would be essen
tally isometric At least, the conditions would approximate more closely the
wsometnc as studied m the laboratory, with approximately full external
appheation of intemal tension than the laboratory isotomc condition m
which stimulation 15 continued throughout the full excursion of the move
ment and external tension 15 1apidly degraded to zero by internal viscous
tesistance In other words, reciprocal ballishe movement cycles were pro
duced apparently by 1sotonic contractions not 1 phase with the movement
but under essentially 1sometne conditions The Ley to shilled movement 1s
the timimg of the perod of muscular tension development i the move
ment cycle so that approuimately full utilization of internal tension under
essentially 1sometnic conditions 15 possible

HUMAN MOVEMENT

CoconrracTiON VERsus BaLListic Action

As Hartson pointed out {18,263) two conflicting viewpomts hate grown
up among analysts of human performance who have sought to explam
human movement 1 terms of physical, physiological, and psjchological
prnciples The conflict has been between viewpomts, rather than indi
viduals, with each group largely content to ignore the other The basic
difference between the viewpomts kes 1 whether the nerve muscle cycle
and the 1 cycle are dered 1n phase or not neces
sanly m phase but related In other words, one group has followed the
common practice among physiologists of assuming that sotonic con
tractions cocontraction of antagomstic muscles, and some reflex balance of
muscular forces explamed all human nt dless of velocity This
group has pretty conststently faed to recogmize the sigmificance of the
mitial discovery of Beanis and subsequent work following hus lead The
other group, following Beaumss and Richer, has sought expenmental evi
dence of the inaidence and duration of muscle action m a wide anety of
human movements and have found ballistic strokes present unnersally m
fast, efficient, shilled movement (18,276)

The snterpretation of expenmental results depends 1n part on instru
mentation, m part on the baclground and expenence of the worker, and m
part on the problem Many analysts of human movement ate satisfied with
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the tesults ot superficral aspects of movement, such as coaches, therapists,
and specialists m work psychology or human engineenng, who use a prag
wanc approach to ¥ ! probl Many exp ters have been
susled by mstrumental artifacts, especully those who have used rather
masstve lever systems for recording human movement or those who have
attempted to discuss muscle achion on the basis of cinematographic records
Three cntical discussions concermng research methodology for secording
human movement and muscle action have been published by indimiduals
with research expencnce The first was by Wendt (50) i 1938, the secand
by Davis (3) m 1048, and the third appeared a year later (26) Adequate
nstrumentation  depends on fwo things, namely, a contmuous, hme
displacement curve which reproduces accurately velocity changes w the
segment, and a sunultancous record of muscle action, obtained generally
the present day by amphification of muscle action potentials The move-
ment recording system must be as newly as possible free of mass, fuction,
and what Davis called back action —dsstortion of the movement by
Joading the lmb The muscle action potential recording system needs agh
amphfication (1 1 000000} low nowse level flexibility, rather hugh recording
speed, and frcedom from mstrumental artifacts Adeguate recording 15 ex
tremely cxacting nd full of indden hazards Interpretation of records 1s
equally difficult

Before procecding to the problem of inability 1o find expenmental evi
dence of balhstic strokes m human movement, a few cxamples of unrecog
nized evidence of ballistic action will be presented Peters and Wenbome
(36) presented data which they interpreted as evidence of acceleration to
the mdpomt of the stroke and deceleration to the end Examunation shows
that duning the middle portion of the strokes the imb was traveling at €5
sentally uniform veloaty Edgertan and Killun (6) wsing stroboscopse hight
m analyzing the golf stroke, found cvidence of wmform velocitv from about
30° before contact to 30° after, except for a shght drop m veloasty of the
club head at contact Edgerton made quite a pomnt of the fact that Bobby
Jones accelerated the elub head to contact, but the shight acceleratson from
about 30° before fo contact was shown by Slater Hammel (41) to be the
sesult of distortion as the club head approached the camera Presumably,
Jones also used a ballistic stroke Taylor and Burmungham {.47) recorded ac
celeration and deceleration of the Tiand m exceuting tracking movements
Most of their results, ike most involvimg traching showed a rapsd accelera
tion followed by deceleration—and then some adjustment to match ponters
at the end of the stroke However, they reported that about 1-2 percent of
the records showed acceleration, a short umform veloaty phase, and then de
ccleration The proportion was so snvall that ot was Jater terpreted as no evi
dence of ballistic stroles {15,1321-1322)

Many of the tecent studies revicwed by HIll (22) involved tracking which
was studied extensinely dunng World War 11 to determine the  human
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equahion” in antiircraft fire Quite a number of expenmenters recorded the
movements by one method or another, and some also recorded muscle
action potentials sumultaneously Most found little or no evidence of mo-
mentum phases m the movements, and the latter found pretty general
evidence of cocontraction of antagonishe muscles dunng the strokes From
these studies Hill (22,55-56) concluded quite properly that the nability
of many mvestigators to find evidence of ballistic strokes 1n human move
ment and the evidence of cocontraction of antagenistic muscles cast some
doubt on the general applicability of the ballistic concept as a fundamental
prncrplein shlled movement

Beside being a wital wartime problem, the tracking problem has certam
vital aspects as a human mosement problem In essence, the tracking
problem requires the subject to match the movement of a target as quickly
and accurately as possible The simplest equpment consists of a pointer
which can be moved quickly to vanious posihions and a second pomter with
which the subject tnes to match the mosement of the target Target move
ment may be discrete or continvous, but speed and accuracy 1 matchmg 1s
the goal Most such situations mvolve startmg the Imb from some resting
position, moving 1t a relatively short distance as rapidly as possible, and
then making minor adjustments to refine the match with the target Note
especially the two requrements relatively short distance and extreme 1a
pidity in starting and stopping the movement

Inputse Actiov

Subsequent to Hill s review (22), a study was undertaken to determine
whether essential differences existed between slow and fast movements,
and the conditions underlymg evidence of cocontrachion of antagomistic
muscles n fast (presumably ballistic) strokes (27) Previous mnestigators
had worked pnmanly with slow or fast movements, but m this study the
transition from slow to fast was mveshigated by keeping stroke amplitude
essentially constant and mcreasmng the cycles per second The purpose was
to find a stroke velocity (amphtude/duration) above which slow, tense,
moving fivations disappeared and below which simple ballistic strokes
(those with a smgle senes of leration momentum deceleration phases}
disappeared The evidence showed that slow, tense movements disappeared
at stroke velocites above about a third to a quarter of the maxamum for the
segment and below this pont stmple ballistic strokes tended to disappear
The two types seemed distinctly different

Howeser, the expentmental evidence also mdicated that although slow

and fast strokes differed mn certain ct 1stics, the lar basis
of both was essentially ssmtlar In slow movements (Fig z1and Fig 22
the hmb showed a senes of Jerations and decelerations, with 1

momentum phases 1n between, by which the imb proceeded to its destt
nation The muscle action showed ntermittent, alternate action n short
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bursts A bref, Jow level burst of activity (of about 45-50 ms duration) m
the agomst was coupled with acceleration This was followed rather shortly,
but sometimes after @ bnef momentum phase, by a sumilar burst of actiity
n the antagonst which decelerated the segment The agonist acted agam
and by a seres of such actions the segment was moved In other words,
cacontraction of antagomstic muscles, which had previously been con
sidered normal n slow, ‘ tense’ movements was not found The evidence
indicated that quahtatvely slow movements were produced 1n essentially
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the same manner as fast stiokes That 1s, essentially by alternate, smpulse
action exerted agamst the mertia of the imb and not by simulfaneous
cocontraction of antagonistic muscles acting against each other across the
jomt The difference between fast, ballistic strokes and slow, “tende’ strokes
was a difference i the magmtude and duration of the muscle impulse, but
both seem to be effected by discrcte impulses rather than continuous con
tractions of graded intensity

A general concept of alternate impulse action mn muscles and nenves
seems more acceptable on the basis of the known properties of nerve and
muscle than a concept of continvously graded action which would mam
tam an the agonist and antagomst cssentully a constant difference n
effectne force as differences n length and angle of msertion oceurred
dunng mosement In these terms, the normal bagis for human mosement
vould scem to be discrete bursts of neural activity occurrng i alternation
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to produce muscular impulses which altemately act mdependently to
accelerate and decelerate the segment The duration, mtensity, and com
bination of these bursts of neural actmty and associated muscular mmpulses
result 1n the wide vanety of movements common m human behavior and
motor performance This does not preclude the possibility that impulses of
essentiall; equal intensity and duration might occur simultaneously n
antagomstic muscles, elther mtentionally to fixate a jomt or madvertently to
upset a movement cycle The general concept of alternate impulse action 15
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possible m terms of the physical, physiological, and neurological propertres
of the system, and one system should have a common basic pnncrple of

operation
peratior "

CocoNrraCTION 18 Bariistic STROEES

Figures 2 3 and 2 4 show movement and muscle action 1n two types of
movement problems requinng fast action Figure 23 shows simple os
cillation with reciprocal ballishic movements in which the acceleration (A),
momentum (M), and deceleration (D) phases are indicated The ncidence
and cessation of flevor and extensor muscle action correspond respectnely
with the mitiation of deceleration and hon of leration near
each end of the stroke Between acceleration and deceleration the segment
travels by 1ts own momentum (equal space n equal time) for a buef du
ration but considerable excursion Each muscle 15 stretched somewhat and
then shortens 1tself a corresponding amount, so the condition under
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which 1t develops tension could be considered essentially 1sometnc Ths 15
the ssmple archetype of skilled movement and many stmlas examples have
been published previously

Figute 2 4 demonstrates muscle action and movement where the prob
Jem was to accelerate the limb rapudly from a resting position and then
retum 1t slowly to the il testing posiion The interpretation of muscle
action 15 on the figure, but start wath Flexor AP (action potential) 1”
which generates hinetic energy for ballistic flexion After a bief cessation of
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Tic 23 Reciprocal ballistic movement

action, Tlexor AP 2’ shows perhaps mcreased muscle action i the flexor
which continues dunng * Extensor AP 2, the decelerating and reverstng
muscle action, and glso dunng a brief momentum phase 1n extension Note
that dunng ‘Tlevor AP 2 the mtense activity mn the muscle produces no
acceleration 1 the lmb and does not prevent the hmb from reversing
direction and starting a ballistic extension stroke In other words, dunng
this interval the flexor 1s exerting no effective force on the limb \V’hat 11t
doing? The problem was to retumn the hmb slowly Duning ballistic flexion
?he ongn nsertion distance of the flexor was decreasmg raprdly, so dunng

Flevor AP 2 the flevor was shortening tself as rapidly as ;:ossxble m
order to act 1 the shortencd condition to prevent a fast, ballistic extension
by the cxtensor Thus the ficvor was exerting ats tension agamst 1ts own
viscous tesistance and the himb outran the muscle because the muscle,
even with probable maimum tension development, could not shorten stself
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1t back at lower veloaity, but with a single ballistic impulse

This evidence of cocontraction 1n ballistic movements mdicates that the
agonsst does continue its action dunng achion of the antagonsst, but without
exerting force on the limb until 1t has overcome its own viscous resistance
and until the antagonst has started the lunb back 1¢ the mmpulse m the
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Fic 24 Cocontraction of antagonstic muscles without comewdent action

t were precisely suff to deg the hinetic energy of the
segment, the hmh would come to rest in the new posihon But unless 1t
happens to be, the agonist must struggle along after the hmb which has
outrun 1t, fighting 1ts own viscosity, 1n order to act in the shortened po

sition  Any problem which requires the muscle to act and then imme

diately after to act again 1n the shortened position to prevent return, or too
rapid return, of the limb will produce evidence which looks Iike comczdent
action of antagonistic muscles m fast movement, but 15 cocontraction with
out comcrdent action Tracking problems, m general, require such action
So what 15 cocontraction and looks like action of g
muscles 1n fast movements would be normal m this situation The reason
that clear cut evidence of momentum strokes was not found m tracking
problems was that maxumum speed was required and nsufficient amphtude
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was allowed for the momentum phase to appear more than momentanly, 1f
atall

The resultant action by the orgamsm 15 a compromise between the prob-
Tem put to the and the capabihiies of the lar system
available to the orgamsm for solving the problem The muscle normally acts
against the mertwa of the hmb When the problern demands 1t, the muscle
may have to act agaimst its own viscosty The muscle may also act agamst
gravity, blows from the outside, or directly aganst the force of an antaganist
Frichonal resistance 1 the joint and surrounding hissue may be present, but
until 1t has been demonstrated that fnctional resistance 15 an appreciable
force m human movement, it can be discegarded Inertin, viscasity, gravity,
blows and other outside forces and antagomist action ate the resistances
agamst which the muscle acts Any assumption that the muscle always acts
against any one of these reustances 15 purely gratmtous, hke the assamp
tion that the nenvemuscle cycle and the movement cycle are n phase
Consequently adequate analysis of human mosement and interpretation of
physical, physiological, neurolagieal, and psycholagical facts concerning the
clements of the neuromuscular system in action depend fundamentally on
the relation of muscle action to movement and interpretation m terms of
the exsting condition At this point 1nst: tation and ptions be
come entical

The neuromuscular system 15 basically m unstable balance, a system
mamntained  loaded and ready for action’ and depending ulhmately on
an on-off contrel The basic switches may be considered normally open or
normally closed If normally open, closing them mitiates action If normatly
closed, they must be held open suppressed, or whibited untl action 13
desiwed Consequently the system can be viewed as one m which speaific
stimuk senve to tngger (close switches for) speaific actions or as one 1
whnch simuh create a minor explosion of actwity until suppression, except
for action toward desired ends 15 testored Lather view may be taken as a
basts for learmng ot acquinng adaptive behavior Adapted behavior 15 the

nght answer which depends on the problem and the accepted solution
The development of adaptive behavior may be viewed as a process by which
the organism closes the nght switches at the nght time, or as one by which
the wrong switches ate hept from ‘ popping closed madvestently and only
the nght switches ate allowed to close at the nght ime Exther way, the Ine
orgamsm 15 tertminly sct to pop nto action, some of which 15 especially
productue and effective (the nomal shilled) and some 15 meffective and
wasteful (the unshilled and abnormal)

Funeriovar Linurrs

Obniously, the lower Imit of slow movements 15 fixation, the movement
at null veloaty, which can be achieved anly temporarily because of tremor
tesulting from minor, untepressed bursts of achwity The neuromuscular
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system has an upper limmt with an interesting combination of condtions, an
mteresting result, and interesting imphications Most human movement 15
cyclical and 1 t1s essentially reciprocal So the upper It
of reciprocal ballistic movements m a way typifies the upper hmut of the
neuromuscular system

In a stroke, starting with the agonust extended and unopposed by the
antagonist, maximal action by the agomst produces maximal acceleration
Seg 1 leration the rate of shortening m the agonist As
the rate of shorteming mncreases linearly, the viscous (internal) resistance
mereases exponentially Thus the duration of apphcation (T) becomes
hmted as the effective force (F) becomes mayimal Even though internal
force remamns mawumal, no accelerating force 15 available when internal
resistance equals mternal tension Some Limit of the accelerating impulse
(Ft) 15 reached, which limuts the veloaity of the momentum phase The
hmb would continue by momentum to the hmits of the jomt (or to an
external object) unless acted on by the antagomst In repetitne (recsprocal)
strokes, the segment acts Iike a piston which 15 decelerated, reversed, and

accelerated at the end of each stroke by muscular impulses—each hmited m
T — T Zaa [

T
force to degenerate and generate the kmetic energy of the segment With F
maximum and ¢ lumited, a imiting rate 1s reached—and also maximum mo
mentum 1n the ballistic phase At this rate flexor and extensor act alter
nately duning about 2 third of a cycle Each has two thids of a eycle for
relaxation And each momentum phase occupies about a sixth of a cycle
Beyond the imiting rate of constant amplitude, the rate of alternation can
be mcreased only at the expense of amphitude, since with £ maumum and £
limtted the deceleratng force must enter earlier i the momentum phase
Thus, as rate 15 ncreased, the end of one muscle impulse and the begin
ming of the g mpulse approach each other m time and we
approach a condition of cocontraction of antagomstic muscles with co
merdent action 1f the rate of alternation 1s forced to the pomt of cocon
traction with comeident action, the result 1s fixation stasss, or breakdown of
the movement cycle Expenmental evidence of this may be found 1n Stetson
and Bouman (45 Fig 5 mosements 13-15 Fig 11, movement 23-24),
Hubbard and Stetson (29, Fig 5), or Hubbard (25 Fig IV)

Paradovically, the lower limit of slow movements and the upper hmt of
fast movement 15 the same (fxation, stasis, or null velocity) and 1s produced
by essentally the same condition, comcrdent equal action of antagonists
(not considenng grawity and remembenng that equal includes anything
from zero to maumum) Fortunately, between these hmmts we have a wide
range of possible achion at different rates and different amplitudes The
rate of diminishing effectiveness (where Fs decreases because s decreases)




32 ALFRED W HUBBARD

and the absolute upper limit 1n ate (where Fs becomes zero because s be
comes zero) ate both a function of the mass and moment of the segment
With lower mass and moment, we find higher reciprocal balhistic rates For
the extended lower limb, the maximum 1s about 2 5 per second and for the
finger or tongue about 8-10 per second These rates can be increased
slightly, but with reduced amphitude, by resorting to “forced tremors” which
are extremely fatiguing

The skiiled performer keeps reciprocal rate below the rate of dimmishing
effectiveness and, 1n general musters forces from other parts of the body
to mcrease the amphtude of the pnmary strokes while mamtainng thewr
rate Occasionally 1 track, we see a performer attempt to mcrease his speed
by mcreasing tus rate of himb alternation, with the result that he decreases
the amphitude per stroke and slows down He also fights harder and straight
ens up Comversely the length of stnde (amplitude) may be too great so
the rate decreases With maximum rate and maximum amphtude each ac
comphshed at the expense of the other, we have to settle for an optimum
You ratelv see a breakdown (momentary fixation) 1n track, but * breaking”
15 common 1 sulky racing where horses are hmted to trotting and pacing
Here the breakdown results not m a fixation, but 1n a breaking over mto a
faster gait, the gallop The shilled performer exther keeps the rate below the
rate of dimimshing effectiveness brings more forces to bear, or breaks over
to a faster mode of operation {within the limstations of the orgamsm and
the problem) by fusing movements (45,236-237)

CoNTROL

The slow movement, because of low vclocity, does not outrun the agomist
50 1t can be nudged along, slowed down, and accelerated with small, dis
crete bursts of activity i the antagomist and agomst, and progressively
nudged 1nto a reasonable approumation of the result desired But the result
15 a slow, Jabonous, forgery of shilled movement A fast balhstic stroke 15
beyond immediate muscular control, but this does not mean that it 15 out
of control The control fies 1 mming the stroke and providing the nght
combination of forces to imitiate 1t, Iike aiming and finng a nfle Bat bke
finng a nfle, once appreciable momentum 1 developed 1 the hmb the
himbisgone So all one can do1s reload, return the himb, and fire agam

The difference between slow ‘controlled’ movements and fast ballshe
movements 15 not a matter of inherent accuracy since ballishic strokes, as
shaoting a bashetball, throwing a ball, or stroking a tenms ball, can become
Tughly accurate In ballistic strokes, control depends on a proper set or
ahgnment, proper imtiation of the action, and then letting 1t go without

£ b This 15 called relavation, meaning
loosening up and letting fly,” not just relaung The difference between
slow “controlled* mosements and fast balhstic movements 15 pnmanly a
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matter of veloaity which limits control of fast movements to the ongmal
mpetus

Conprex CovtrOL

High speed, electrome, machine control systems (servomechanisms) are
1 many ways analogous m punciple to neuromuscular control, which also
has error sensmg and feedback circmts m viston and lanesthests (39,198
306,15,1316-1335) But as Ruch pointed out,  The question anses whether
the report back from the muscles dunng voluntary movement occurs with
sufficient rapidity to permut effectne control through the course of the
movement” (39,203) The evidence presently available indicates that the
answer 15 probably  yes” for slow movements and “no’ for fast movements
The limut beyond which reasonably close control m terms of small, altemate
impulses 1n the agonist and antagonist breaks down 15 probably well below
the upper limt of slow movements, or roughly at about a sixth to an eighth
the maumum veloaity of the segment Imtial 1mpulse control probably
takes over at about the lower lmt of ballistic movements Shilled workers
with an exaggerated tremor cannot make fine movements slowly, but they
can make them rapidly by stnkang with the tremor The thrown hmb 15 be
yond 1mmediate alteration from visual or kmesthehe feedback, which m
form us of errors being commutted But the stroke 15 drected and skl
depends on this imitral direction or misdirection

Ruch (39,198} objects to the concept of a cortically ‘performed’ set of
orders for complhcated tasks partly because this precludes modification dur
ing zction and partly because suficient cortical delay and triming errcuits are
difficult to explam But as Hubbard and Seng (28) pomted out 1n a study
on batting, except for bunting which 1s a slow movement allowing adjust
ments, the temporal framework for the swing 1s determimed by ball speed
In this framework there 15 an tastant, varying with ball speed, at which the
foot must be planted and the swing started, and an mstant when momen
tum must be translated to the bat in order for the bat to meet the ball—or
mss it When any considerable momentum 15 developed 1n the bat, it 15
beyond further adjustment Many sport skills have an mstant beyond
which additional sensory information can no longer be used but this does
not mean that they are cortically preformed since most skalls and tasks have
senal shmuli and 1nstants of choice when decision must be made, or the per
former1s “aced’

Extended and complex pattems of t may not be on
the basis of delay crewits m the cortex without resorting to some hypo
thetical set of orders, but this 15 not necessary Movement produces kimes
thetic and visual stimuh, probably not mn time to correct misdirected fast
movements, but in time to make ad) ts m ding ,
and also i time to set off neuromuscular action 1n other parts of the body

Yarnahl
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The gymnast knows and practices his routines, but 1f something goes wrong
he can often save it with a subsequent comp oty t, or at least
collect humself for the fall The typist often senses that a mustake has been
made, but tarely m time to prevent 1t The pianist uses waste motions, shifts
1n posture, and lower hmb movements to time his senes and fill i intervals
The stimulus which sets off a run need not be stored 1 some cortical delay
crcwt It may come from a twist of the body, the foot, or the seat of the
pants—snd be harder to locate s siu than delay 1 to explawn w cortico

LrormioNAL Beiavior

Both the Cannon and James Lange theones concerning emotion mvolve
the more primitne, less well understood partly glandul. t ner
ous system But as Lindsley stated  Emotion 15 one of the most complex
phenomena known to psychology Am final desenphion of emotion
must be m terms of the reaching crganism the scientific study of emo
tion must be confined to emotional beh broadly mnterpreted, and to
it underlying mechamsms (33 473) Asde from antonomic and overt
landul p the lar system provides at least the overt
patt of the underlying mechanism  for interaction with the external en
vironment 1n emotional behavior as well as other behavior The con
ventional viewpomnt of emotonal beh as disorg; d productive,
diffuse, and misdirected, or frozen and tense) was cnticized by Leeper (32)
who advocated the concept of emotion as motivation on the basis that, if
emotion 1§ 2 continuum, the better way to view 1t 1s that mcreasing emotion
produces better orgamization and more productive performance As he ndi
cated, mereasng performance with increasing emobion fits most of the
continuum, but a limit 15 sometimes reached beyond which disorgamzation
and degeneration of response may occur Young (51) countered prmanly
on the basis that 1on was the opp of d 1on so this
was merely a matter of reversmg an axis as far as emotional behavior was
concerned But this left apathy matched with best perf and or
ganization at the low end of the emotion contintum Brefly, emonion as
motwation fits most “normal” behavior better and emotion as disorgam
zation fits ‘emotional behavior,” but neither fits the other end of the con
tinuum
The conflict of viewpamts, as far as 1t concerns behavior, can be resolved
i terms of the general pomaples of human movement We generally
wncrease effectineness by increasing the rate and/or amplitude of movements
to some point of ophimum cffectiveness, or some best combination of rate
and amphtude beyond which either affects the other adversely to produce
dimimshing returns In other words, emotion as motiation matches 1
creased productiity, organization, and effectiveness up to this inflection
pomnt Beyond this, increasing emohion produces dimimishimg effectiveness,
and with 1t probably mounting frustration which dmves the orgamsm o
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* breakdown”—the fixation of disorg 1on With an org: super
ready to ‘fire’ from mounting emotion, mounting frustration, and no
adapted outlet, profuse and musdirected behavior may result The athlete
has an emotional build up before contests (31), but the well tramed and
well-controlled athlete goes into action and stays below the mfection
point, rarely gomng over mto dimmishing returns just Iike emotionally con
trolled mdividuals n any other area In fact, a good way to be beaten
sport 15 to make an opponent angry, but a good way to beat him 15 to make
hum mad However, 1n terms of human movement, the two viewpomts of
emotional behavior are not as antithetical and mcompatible as they appear
And 1n sport, the emotion as motvation concept seems to fit better, except
that excessive emotional build up wath relatively unskilled and untramed
mdwiduals often results in poorer performance, although this 15 often an
ex post facto excuse

CONCLUDING REMARKS

About 100 years ago, Fick introduced the 1sometre condition as a labora
tory control so the external tension of muscle acting at fived length could
be compared with that of a muscle free to shorten during tension develop
ment Isotonic refers to the tension developed, or more specifically to some
level of constant stmulation The length ( metnc) and tension or stmu
lation ( tonic) are discrete factors and by holding one constant (1s0 ) the
effect of the other could be determmed m the laboratory ‘The not free to
shorten condition became associated with muscle action to hold a position
and do no work The free to shorten was sumilar to the working conditton
the mtact orgamsm, thus the 1sotonc contraction was considered the arche
type of “normal human movement To nsure recording of the whole effect
n the laboratory, stimulation was continued beyond the instant when the
free to-shorten muscle ceased to evert external tension In other words, long
stimulation msured getting the whole effect, but short stimulation mrced
tension Toss from internal resistance with tension loss from relaxation Aside
from grawity, 1f the Iimb moved, some muscle must be moving 1t The error
m applying laboratory findings to human movement came from assumng
that the free to shorten muscle must be developing tenston throughout the

of the hich was not necessary in a segment with mass
and momentum

In a bnef, obscure report 1 1885, Beaums pomnted out that the muscle
could throw the Imb mto metion with an mpulse, or ‘contraction bal
Iistique,” and then relax as the limb proceeded by its own momentum
Rucher found that the foot was thrown at the soccer ball, and Dodge found
that the eyes were thrown from one fixation pomt fo another by saccadic
Jerks Subsequently, n this country, Stetson and his co-workers found
thrown, or ballistic, strokes m movements as varied as speaking and running
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Since “ballistic” refers both to the conditions under which the movement 1s

produced and to the p duced t, £ between thrown and

throwmg movements has exsted A convement method of denbiying bal

listic strakes m laboratory recosds was by ther momentum (umform veloe

1ty) phase Many expenmenters have failed to find this momentum phase
(for reasons esplaned above ) and were naturally suspicious

The fact that a momentum phase does, or does not, appear 15 wrelevant

“ta sficency of the stroke depends on the conditions attending its pra

* —»momentam at the beguning

wient preduction, the im

ienne

'
possible and to mamtnL Lus v
complished by moving the proumal segment ahead of the distar segus o 2
the agomst develops tension under lengthenmg (phometnc) or same length
(1sometric) condihons as long as possible Skilled mtching, shot putting,
and discus throwing are excellent examples of developing momenta senally
to put successtve agomsts on a stretch The difference between a good dis
cus thrower and a poor one 1s that the poor one uncorls as he spans across the
arrele and the good one stays coed until set to throw Therefore, of yon want
force, wind up , and 1f you want accuracy, mitwate the stroke propesly and
let1it 2o
=3~ mamentum (ballistic) phase consider the
ulting from clongating a stasodal
curve When they 4t uu o . nst and antagomst active dunng a
stroke, they consides cocontrachon basic to human movement Cocontrac
tion without cowncident action (and fixation) does occur dunng fast strokes
(for reasons and under conditions explamed above) Almost anything can
happen 1 a complex organtsm and the presence or absence of cocontrac
tion, ble the presence or absence of balhstic phases depends part on the
problem put to the orgamism However, assuming that all human move
ment involves cocontraction of antagomstic muscles, and then trymg to
explam how a nenromuscular system whose unsolvable problem 15 mamte
T £ %o ke fixttion could cffect a finely graded tranmtion from ac
Tt ~flength and
xtremely

[

difficult, if not unsolvable, proviem
Stetson’s major distinction between fast (ballistic) and slow (tense)
masements produced a tend to loak for duff es and at the same time
to forget that the teme ~n developed for fast baltistic strokes was monumental
n companson to t ~erte The
“moving freation”
meident action, or with one muscle pulling and we ot e aue
sequent evidence suggests, at least, that both slow and fast mmemc\;xts are

produced by discrete I pulses acting 1ty without
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from an antagonist to produce momentum and hmetic energy 1n the seg
ment The difference between slow and fast movements appears to be pn
manly i the magmitude of the impulse Thus the “normal’ basis for human
movement seems to be intermittent, impulse action with intenening relaxa
tion, except that under certain circumstances the muscle must follow the seg
ment to act in the shortened condition and also that muscle tension ean vary
from zero to with no 1 if the tension 15 equal
and simultaneaus

Many extremely interesting, and mn some ways important, facts conceming
muscle and muscle action have been omtted Thus the present synthesis
may seem incomplete However, the development of human skill depends
as much on suppressing unproductive muscle action as it does on developing
maximal force in selected muscle groups at the nght instant
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3 FRANK D. SULS

Anthropometry i Relatwn to Physical Performance

SUMMARY

Anthropometry is that branch of anthropology that 1s concerned with the
takmng of measurements on the human body This discussion has been con
fined to the fnds of measurements commonly used tn associating physical
performance with body build

Lanear and f i are employed most freq
since they are easily obtamed and provide useful mnformation concermng
both physical growth and physical development They also provide the basis
for many useful mdices These indices may sene tn differentiating between
the pesformances of mdividuals when bnear and creumferential measure
ments alone do not provide edequate information Such indices as the ratio
of upper leg length to lower leg length, and leg length to trunk length, have
shown powtive correlations with the performances of track men who run
sanous distances

Indices have been formulated too from hnear and cireumferential meas
urements to determnc the relattve lineanty or stockiness of body busld The
majonty of these have been based on height weight relationships, dlthough
others, such as the ratio of the chest circumference to height, have also been
used

The measurement of the amounts of the vanous tissues of the body has
proved to be a challenging problem Associated with these measurements 1s
the determunation of body density By means of wmproved instruments for
measuning skinfolds, 1t 18 now possible to determine body density from a
sclected group of fat measurements 1t appears from the results of recent re
scarches that the determmnation of body density prowides another useful
method for associating body build with performance

Varous methods of body typing ds a basis for relating structure to per
formance, have been proposed Not until Sheldon's somatotyping techt
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mques were described 1n 1940, however, was one method widely accepted
Numerous studies n sports and medicine have been done m the past two
decades m which Sheldon s methods have been used advantageously Al
though there 1s more work to be done m ths field, 1t appears that somatotyp
ng 15 firmly established as a baste factor to be mcluded 1n structure function
studies

Photography has been used extensnely for evaluating posture and for body
typing, and it has now proved to be of value in takmg anthropometric meas
urements The science of photogrammetry has improved to the pomnt where
many measurements formerly taken directly on the body may now be re
corded from a photograph This procedure provides better records and re
duces the danger of computationdl errors

Since anthropometric measurements are used by scientists in many greas
of research 1t 15 destrable that steps be teken toward standardization There is
no separate orgamzatson comprised of anthropometnists and for this rea
son 1t would be destrable that ¢ national tion such as the A
College of Sports Medicine, sponsor a conference devoted to the dchieve
ment of this goal

Anthropometnc methods may be used independently in analyses of body
build, to make compansons between populations and for longitudinal stud
ies of the same population These methods too, are useful m relating body
structure to both physiological and psychologicdl funciions Anthropometry
1 d comparatrvely young science and as the techmgues of measurement are
mmproved, 1t will be used n an ever increasing number of research studes

HISTORY

Contributions to apphed anthropometry have been made by workers i
many fields The most significant contnbutions have been made by physical
anthropologists  Lesser contributors include  artists  anatomusts, evolu
tromists, and physical educators Seaver (41) has presented much of the his
tory of the ancient penod relatve to anthropometsy He has discussed the
Egyptian and Greel. eras citing the contnbutions made by the Greek arhists
and sculptors Hrdlicka (19) has pomnted out that the roots of anthro
pometry reach far bach mto time, but that the major contnibuttons have
come about dunng the last two centunies These contnibutions have been
made as a result of studies of human races of human remans, and of human
growth The reader who 15 interested m the lustory of anthropometry 1s
referred to the texts by Seaver and Hrdlicka

PRINCIPLES

Anthropometric measurements, to be of screntific value, must be objective,
rehable, and valid Unfortunately, there are major differences of opmion
tespect to the techmiques to be employed n taking measurements
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Summaries of the Manaco and Geneva Conferences, that were held i an
effect to standardize the tect for takmg anthropometnc

may be found 1n Hrdlicha's text Practical Anthropometry Defiitions of the
measurements approved by the Congress at Geneva have scrved as a gude
for many studies which have been done since 1912 Many of the definttions,
however, are neither complete nor clear and consequently there are vara
tions m the techniques used bv different mnvestigators

In view of these vanations, 1t 15 important that a detailed explanation of
the techmiques employed should be included 1n every anthropometnic study,
othenwise, there 15 no opportunity to compare the results of one study with
those of another

Basic prncrples to follow m anthropometnie studies melude (1) the
selection of measurements, when possible that arc based upon acceptable
standards, (2) the standardizatron of the subject s posttion, (3) the accurate
location of anatomical landmarks (4) the proper application of the nstru
ments used to take measurements, (5) the accurate recording of measure
ments, (6) the use of the proper statistical method mn analyzing the data,
and {7) an accurate and comprehensne report of the results of the study

ANATOMICAL LANDMARKS

Landmarks can be eastly located on the human skeleton, and for ths rea
son 1t 15 best to use skeletons m preference to hving subjects when possible
There are data that cannot be taken from the skeleton, however, and 1t 15
necessary that the degree of error be held to a mimmum m the Yocation of
anatomucal landmarks on the hving subject In order that landmarks may be
readily and accurately located, many hours of practice on the hving subject
(after Jocating the landmarks on a skeleton) are necessary Smce the loca
tion of landmarks vanes from subject to subject, cxpenence with a wide
vanety of body types 15 desirable

An excess of subcutaneous tissue and fat reduces the accuracy of the m
vestigator’s measurements and, m the overwaght subyect, 1t may be impos
sible to locate a landmark The comparatwvely few subjects on whom it 1s not
posstble to locate bomy landmarks should not & ge the anth st
from worhing with Ining subjects :

After detenmuming s self rehability, the imsestigator may wish to check
lus relability aganst that of another competent anthropometnst This 15 a
“must” for the incxpenenced investigator If there 15 o question concerning
the vahidity of a g en landmark, 2 companson should be made with an ¥ ay

Since relatnely few landmarks of the head and face are taken for studses 1n
the areas of growth and physical performance, it 1s left to the reades to sech
this anformation 1 a text such as Hrdhekas (19) The hndmarks on the
body and limbs mclude the suprasternal notch, the mpple, the umbtlicus,
the tip of the acromion, the tip of the seventh cervical sesiebra, the radal
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pomnt, most provimal pownt on edge of the radial head, stylod pont, most
distal point of styloid process of radius, ziphoid cartilage, attached to
fenor surface of stemum (missing m many females), tip of medius, most
distal point of rmiddle finger, tip of the trochanter, most lateral point of great
trochanter of femur, hbial point, medial edge of inner tuberosity of hbual
head, and malleolar point, distal tip of medial malleolus

There are other landmarks not so ly used and, in gen
eral, more difficult to locate The landmarks selected are determined by the
data the mvestigator wishes to obtamn

LINEAR MLASUREMENTS

Linear measurements commonly taken include height, trochantenc
height, tibial hetght, sphyrion height (distal end of medial malleolus), sit
ting height, siting height to suprasternal notch, sittng height to seventh
cervical vertebra, forearm length, upper arm length, shoulder width, chest
depth, chest width, hip width, knee width, hand length hand width, el
bow width, foot length, and foot width Linear measurements may be
taken with a number of instruments, the most common of them being the
flat shding caliper The shding caliper may be used to take limear measure
ments up to 24 inches, or 61 centimeters The shiding caliper constructed of
metal 15 Tonger and may be used for measurements up to 75 centimeters Ei
ther the metal caliper or wood caliper, properly calibrated, 1s satisfactory for
taking linear measurements Another mstrument which may be used for Iin
ear 15 the anthrop er which 1s compnsed of several parts
that may be jomned together for measunng greater distances than may be
measured with the shdmg caliper The anthropometer may be used for meas
unng total height, trochantenc height, and tibial height, whereas the flat
caliper 15 not readily adapted to these particular measurements The anthro
pometer may also be used as a shdmg caliper by the use of two attachable
arms, a shdmg arm, and a fixed arm The flat caliper, however, 15 easier to
mampulate than the anthropometer and 1s the preferred mstrument when
there 1s a choice between the two

The stadiometer which 15 found m many gymnasiums may be used to
measure standing and sitting heights, as may the Broca Plane The use of a

square” wath the Broca Plane provides the most accurate method for meas
unng standing and sitting heights

GIRTH MEASUREMENTS

Girth 1 ded include neck, chest, waist, thigh,
calf, arm, and forearm It would be possible to take other girth measure
ments, but these are most commonly used because they reflect changes that
may oceur as a result of (1) growth, (2) development as a result of actvity,
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and (3) atrophy as a result of mactmity Gurth measurements should be
taken by means of an anthropometric steel tape since other tapes are subject
1o error as a tesuit of stretching or shrnkage

There are several methods that have been suggested for taking gth
measutements, however, the one which best standardizes the techmque 13
that which mvolves hght contact around the peniphery of the part measured
with o mdentation of the skin The major objection to taking guth meas
urements with pressure 15 that of causmg the subcutaneous tissue and fat to
shaft when the tape 1 apphed When (1) the proper Jandmasks are carefully
abserved, (2) the contact of the tape with the shin 15 carefully mamntaned
without excessise pressure and (3) the posstion of the subject 1s standard
1zed, then an abjective and reliable measurement will be obtamed

The measurement of the chest and sbdominal gurths 15 somewhat comph
cated by the excursion of the thoracic cage durmg normal breathing For
this reason, the excursion of the chest (and abdomen) may be followed dur
ng quet breathmg and the mean of the largest and smallest measurements
recorded

FAT MEASUREMENTS

Tat measurements frequently taken include front of chest, back of chest,
abdominal, supratltac, anterior surface of upper arm, postenor surface of up
per amm antenior surface of thigh postenor surface of thigh, and along the
mudaallary lme at ziphoid level These measurements are mmportant be
cause they yield mformation conceming changes n the total body mass that
are influenced by increments or decrements m body fat and subcutaneous
tissue and also, 2 correction factor may be computed from fat measure
ments so that more accurate measurements of certain girths may be obtamed
lb;a:i measurements are used, t00, in determining the specific density of the

ody

Instruments for cvaluating subcutancous tissue and fat are generally
known as fat or shinfold calipers The caliper used most commonly has been
the Franzen, and 1t has proven satisfactory to most mvestigators in the meas
urement of subcutaneous hissue and fat Recently, however there have been
a number of new cahipers developed that will ¢l the error attnbuted
to the sprng m the Franzen type caliper

Three of the newer types of calipers are the C shaped seissor caliper de-
signed by Best (1) the Harpenden caliper (49), and the newer C shaped
scissor cahper deseloped at Minnesota T

It 15 smiportant tn using any of the calipers that a recommended pressure of

10 grams per squate miffimeter {7,21,23,49) should be maintained It 1s
also smportant i taking shinfald that the not

be repeated over the same area within a short penod of time, pareularly i
the overweight subject It 15 possible to take successive measnrements and to
* Laboratoty of Physiological Hygiene Unneruty of Minnesota Mumnneapolis Minn
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obtain a smaller measusement each time on the overneight subject The

same problem wonid not be dina phic or ph

type person Pascale {4o) and Brozek (46) have presented regression equa
tions to determine body density from fat measurements The equabion de
veloped by Pascale (40) and a number of tus associates at the Army Medical

Nutntion Laboratory 13
§ =1 088468 — 0o7323X, ~ 004834X; — cos513%,

€ s the estimated body density, X, the skinfold measurement on the chest
on the mdaxiflary line at the level of the mphad X, the shinfold measure-
ment for the chest at the puxta mpple position and X, the dorsum of the
arm, mdway between the tip of the acromion and olectanon The authars
express thew belief, based on their measurement of approumately 100 sot
dhers, that the estimation of specific grawity by the Brozeh Keys equation
gives values that are too high for young soldiers Keys and Brozel (23) have
presented an equation to measure proportion of total fat in the body from
the density of the body

o0

~3813

McCloy (33}, Cureton {12}, and Brozel (5} have studied the problem of
adipose tissue McCloy has worked aut a set of norms for males and females
from 4 to 18 years and older Curcton has developed 2 multiple rating scale
for classification, on the basis of adipose tissue, and Brozek has presented
prehmmary descriptive norms for several shinfold measurements taken on
adult men Al three authors have computed regression equations that may
be used to predict normal body weight The use of this hind of equation 15
Limited because few persons are acquasted with its apphcation

Age, height, and weight tables are a poor substitute for a selected group
of vanables i precicting weight A tegression equation based on age and
herght falls far short of one that 15 compnsed of such vanables as chest guth,
Ttup width, fat measurements, and height

Thompson, Buskrk, and Goldman (52) summanzed the results of a num
ber of studies that had to do with athletes i respect to skinfold thickness
and body density In thes study they found that body fat, particalarly sub
cntaneous fat, can be altered by strennous traning, and that body density
usually ;meyeases even of np 10ss 1 weight oceurs

Kieilis and Cureton (24) used Franzen calipers to measure the external
fat of three relatively fat students After six weeks of strenuous runming
there was a defimite trend for the external fat to dwminish It was concluded
that fat 15 a real handicap for most strenuaus exercise, and also pomnted out
that weaght 15 not necessanly a good gwde in fat Joss because fat loss may be
compensated for by increased muscle density as a result of exerase Ina
study by Sills (46), nine students who wete overs eight, as determined by the
McCloy (32) method for estimating. normal wesght, were given special con
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ditiomng exercises over a penod of four months All g of the students were
more than 20 percent overweight at the begimming of the 4 month penod
At the end of the 4 month pentod the mean loss for the group was 13 pounds
or 6 5 percent Duning this same penod the mean gam for these students on
a physical fitness test (situps pullups 300-yard shuttle run 100-yard pick
aback) was 16.42 pomnts or 148 percent

In unpublished doctoral dissertations by Klotz (25) and Brady (3) the
problem of dead weight was studied Tn both studies 1t was found that the
addition of dead weight to the normal body weight of the individuai resulted
m poorer performances From these studies it would seem advisable that any
subcutaneous fat and tissue 10 excess of 2 normal amount  should be re
moved from the body of the athlete through strenuous traiming and diet f
he wishes to attan huis maximum performance

Slinfold measutements are taken to determine the amount and location
of body fat This information 15 useful to the nutntionist and physician
determinimg the status of the mdwidual s health and to the physical eda
cator 1 attempting to assaciate body fat with physical performance or to
provide fitness counseling Records of shinfold measurements should be m
cluded i all longttudmal studses of growth since they provide valuable
formation not readily discerned from any other source

PHOTOGRAMMETRIC ANTHROPOMLTRY

As a result of Sheldon s (43) utilization of photographs m hus study of
body types a number of investigators have developed techmiques for obtam
mg anthropometne measurements directly from photographs Tanner and
Wiener (50) examined the rehability of the photogrammetnc method and
described a techmque for the use of a mimature camera Dupertws and Tan
ner (15) considered the posing of subjects for special reference to somato
typing Gavan (16) and his coworhers studied the problems of distortion
the use of a reduction ratio the focal length of the lens highting film and
other factors to be considered i taking photographs They presented meas
urcments taken on two subjects which they compared to measurements
taken from photographs of the same two subjects They concluded that the
photograpluc method 15 valuable and that 1t serves to augment rather than
supplant the traditional anthrapometnc methods Geoghegan (17) has pre
sented a system based on photog try for satist: \} ding ten
anthropometric measurements Tic has also shown that surface area total
and partial body volumes as well as speaific gravity of the body (when
weght 15 known) may be det d by photy ne techmques
Blesh (2) has worked with a photometnc method that has cnabled the in
veshgator to obtam four smages simultancously Ihs work has been n the
area of posture evaluation and it may be that thys technique conld be modi
ficd for the purpose of obtamng anthropometnc data
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It seems app that phot try will supplant the traditional
methods of measurements when possible The major advantages lie 1n the
case with which the may be ot d, and in the excellent

record which 1s provided by a photograph

BODY TYPES

From the time of Hippocrates, about 400 B ¢, there have been numerous
attempts made to classify individuals according to body types The majonty
of these classifications have been based upon either a dichotomy or trchot
omy The weakness mn this type of classification 15 obvious, since 1t 15 1mpos
sible to take the many vanations of body types found n a population and
place them m one, two, or threc categones As more categones are added,
the easier 1t becomes to classify body types Sheldon (43) has presented a
method whereby all body types may be classified on the basis of the three

p of end. phy, phy, and ectomorphy In this system
allowance 1s made for varymg amounts of each of the three components
withmn a given individual The rating scale from one to seven makes 1t pos
sible to use numerous combinations of the three components so that any
population can be somatotyped (body typed) There has been controversy
about the denvation of the terms (20) which Sheldon uses, and there have
been questions (28) concermng whether or not body tvpes, when rated by
this system, may be changed A number of mvestigations have disclosed that
the three components are not functionally independent, and therefore, any
alteration 1n one component through a gam or loss n weight, or through
muscular development, will have an effect upon one or the ather of the re
maining two components

Newman (38) used the data that were obtamed dunng an anthro
pometnc survey that was conducted 1 1946 by the Quartermaster Corps at
Army Separation Centers Forty thousand subjects were photographed and
later body typed at Harvard University under the direction of Professor
Hooton Hooton’s method of typing the subjects vanied from that of Shel
don, however, the same components of fat, muscle, and leanness serve as the
bases for classification Newman concluded that defimte although hmmted
changes are associated with age

Sills (44) m a study of body types and physical performance found that
ectomorphy and end phy were not P A bipolar factar swits
dentified with positive loadings for endomorphy and negative loadings for
ectomorphy Subsequent studies by Howells (18) and by Lorr and Fields
(31) have apparently venfied ths analysis

Howells concluded that the three factors which were found did not cor
tespond to Sheldon’s three body p and that end phy and
cctomorphy are not really independent on one another He suggested that
additional work be done to discover metrically whether or not there are other
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components not covered by Sheldon’s system Lorr and Fields did a fac
tonal study of hospital patients and found three distingwishable groups and
two petson body factors On the basis of a bipolar factor for endomorphy
and phy, they also Taded that 1t wauld be more siaple and eco
nomcal to define the somatotypes identified by Sheldon 1 terms of only
two factors rather than three

It seems unlikely that a system of body typmg wll ever be developed that
will be unversally acceptable to all people mtetested mn the problem of body
types Yet, at this time the system which Sheldon devised has, without ques
tion, been adopted by more stientists for the purpose of anthropometne
studies than has any other system of typmg

ANTHROPOMETRIC INDICES AND BODY BUILD

It has been found that combmations of certan anthropometnc measure
ments vary according to the normal curve of probability, and that an indica
tion of stochiness or lineanty of body build may be found by the use of these
mdices Tt does not follow, however, that the combming of two or three
measutements 1s a satisfactory method of rating body bwld A simple exam
ple should serve to clanfy tins statement  If two subjects each weigh 190
pounds and both subjects ate 5'10” tall, then on the bass of a height weight
index these two wdivduals would £all at the same place on a normal curve,
and would be given the same rating 1t 15 quite possible that one of the sub
jects wauld be of a very muscular build while the other may be very obese

It 15 readily seen, without additional information, that thys method of sden
LC oemt 4oL 13 ot e

UL LG vaiu TGV 0L dssessing boay Duiid, McCloy (33) has sug
gested the follow ing two indices asbeng the best for this purpose

(1) accov/weight (Lg) and (2) 10° X weight (kg)
height (cm § height' (cm)
Sheldon (43) has made usc of the recipracal ponderal index Tt /<YNE
m somatotyping and has found the index to be useful mn the classification of

body types This mdex alone, for the reason given above, 1s not sufficient to
Pprovide an accurate rating and may be used only a5 2 ginde

SOMATOTYPES AND PHYSICAL PLRFORMANCE

Cozens (11), Cureton (12), Lindegaard (30), Muller (36), Silis (46)
Tappan (51} and Willgoose (53, and Tanner {49), to mention onlya few,

have cvamned the relationship between body types and physical perform
ance
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The studies which have been done relative to the relationships between
body type components and physical performance have indicated the follow
mg to be true First, the end. phic indisidual 1s charactenzed by an ex
cessnie amount of werght which 1s a hnuting factor i the performance of
most shills The “dead weight” which the endomorphic mdividual cames
around with him 15 a senous handicap Second, the ectomorphic indnidual
15 muscularly weal, relatnely speahing, and subject to mjury so that the
types of contests and sports m which he may participate at a highly com
petitive Ievel are lmited by his body type And third, the mesomorphic n
dnrdual 15 charactenzed by physical ruggedness and strength that, without
question, are conducn e to excellent physical performance

One additional factor m relating body type to physical performance which
1s not taken mnto constderation by the Sheldon method of somatotyping 1s

p T v

basketball player There are individuals 5 feet tall and 6 feet tafl with 1dents
cal body types This 1s not common, but 1t 15 possible when they are soma
totyped by Sheldon's method No additional anthropometric measurement

[RRN TN NS VO

types and under each category he has indicated the type ot activity most
closely associated with the vanous body types This table could be extended
mto more categones, and the somatotypes grouped more homogeneously so
that the relationships between body types and performance could be more
clearly defined

Sills (47) has presented a method for reducing a large number of cate
gones to a smaller number when companng body types to performance on
phystcal fitness tests This method, which may be subject to modification
and mmprovement, provides a more vahd techmque for associating perform
ance with body type than does the techmique of observation There are rela
trvely few studies of the relationship of body type to shill i specific sports
that are based upon screnhific study

In the majonty of studies, outstandmg performers are somatotyped and
1t 15 then reported that certam somatotypes are associated with a particular
sport Tt does not follow that there are no other body tvpes that may be as
sociated with success 1n the sport under consderation

ANTHROPOMETRIC MEASUREMENTS AND
PHYSICAL PLRFORMANCE

Stnce Kohlrausch (26} took anthropometric measurements on more than
300 Olympc athletes 1n 1929, there hate been numerous studies made i an
effort to associate bodily measurements with physical performance DiGio-
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vanm {14) found marked differences between the structural and functional
rmeasurernents of vanous athletic groups and of a nonathletic group Pamell
{39) used a set of measuternents taken by Tanner on members of the Ox
ford Unwersity Athletic Club Parnell acknowledged the madequacy of hus
sample but reported the following interesting facts the shortest mean sub
1schial leg length was found in a control group of college men, shghtly longer
n sprnters greater still 1n long distance runners, hurdlers and gh jumpers,
and greatest m discus, javehn and shot put groups He used the hody buiid
tatio of height/NYweight and found that it tended to differentiate the 100
vard dash men from the guarter milers And finally, by nsing the product of
the tramsverse drmeter of the heatt, the ratio of heght/Yseght, and
subischial leg length 1t was possible to get even a clearer differentiation be
tween sprmters and long distance runners

Cureton {13) studied champion athletes and found that typical track men
are shight 1 skeletal framevorl, wath a refatnely longer upper leg rato, and
a longer leg to trunk relationship Tle also noted that most good spunters
have narrow Tups and that the mote ponderous men with Yonger and laxger
trunks, but with relatively short hmbs, are most hikelv to succeed m weight
hitng wresthing, gymnastics, and diving However, this type of clssification
relative to bodily structure can probably not at present be considered defim
tive Tor cxample, Kroll (28) studied 36 Big Ten vamsity wrestlers and con
cluded that Amencan amateur athletes of this type are not ponderous
Rather they tend to be an agihity type athlete with an ectomorph mesomorph
rating (3-5-4) Kralower (z7) found that the expert jumpers were taller
than the average nonathletes, that thar legs were longer, and they had a
wider breadth of foot

Metheny (35) stuadied the difterences between Negro and white athletes
in tespect to thewr body measurements The results mdicated that supenonty
m certaw sports events might be attnbuted to these differences A more
exhaustive companson of Negro and white athletes is needed to clanfy this
area of snvestigation

A number of studies have been done relative to strength and anthro
pometnic measurements Morrs (37), Tanner (49), and Clatke (10), to
mention only a few, hne done work i this area Since physieal performance
15 Tughly correlated with the strength and leverage of the muscles of the
body, these relationships will no doubt be the subject of mtensive and con
tintng research

MASCULINITY AND FEMININITY

Sheldon (43) has suggested that in addition to giving body type ratings
based on end phy, phy, and phy, the subject be given
a rating for grnandromorphy, the degree to which he possesses the character
wstics of the opposite sex In worlang with male subjects, Seltzer and Bronha

¢

(42) hase presented four p groupings They give the
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cntena for evaluation, and present iftustrations for md) of the four groups
Carpenter (8,9} used statistical methods based on anthrapometnic measure
ments as 1 means for d g the | and £ of body
budd By taling measurements from a sample of men and women she de
termmed the averages for each of the measurements for both the men and
the women She then develaped a table from which the degree of fermmmty
or mascuhmty could be determned

it 15 unfortunate that the information svaslable 15 not used and that more
rescarch 1s not bemng done ¢ g the mfl of dary sex char
actenstics m relation to physical performance It s quite obvious, from ob-
sersation, that most guls who possess certam male charactenisties w regard to
boddy structure can pexform some physical activitics better than those who
do uot, and that males who possess a high degree of femmmty m boddly
structure are wfertor ta those who are more truly mascubine m body type
Theze 1s httle doubt, too, that many ‘masculine’ females can perform bet
ter in sparts than “femmine " males

The utshization of a practical method for estimating mascubmty and fem:
numty should be effective m reducing the ‘ misclassifications’ of actmaty
groups for which physical educators are frequently cntiized As wndicated
eaclier 1 this discussion, age, height, and weight do not provide adequate
bases for classificatron, and 1t may be that an accurate estimate of masculmty
and fermmmty would provide at least some of the addhonal formation
nieeded to vord senous enors
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4 CHARLES H McCLOY

The Mechanical Analysis of Motor Skalls

SUMMARY

The teaching of all sports skills should be accordmng to mechamecally cor
rect primeiples otherwise slow progress and even failure on the part of the
learner must be expected Practicing mcorrect skills merely serves to guaran
tee that mastery will be impossible and meffi y of m ¢ inevitable

Prereq for the I learning of skills are (1) sufficient
strength o perform the task, (2) clear knowledge of how the skill 1s to be
perf d, and (3) an adequate kinesthetic sense and ability to coordinate
the body and limbs to permt accurately controlled movement For hus past,
the teacher of sports skills should (1) Anow the possibibties and limta
tions of the anatomucal structures of the learner, (2) know the correct tech
miques of performing each actvity, and (3) teach the mechamical principles
mohed mn the varous t) pes of activities to the learners in a way that 15 ap
proprate to ther ntellectual level, and (4) indicate to the learner how
specific mecharcal prnciples may be transferred to the learmng of related
skills

Nine rep tatn e 1 I principles of t are p ted m
the following discussion, and these are followed by examples of their applica
tionn (1) batting ¢ ball, (2) dnving n golf, and (3) putting the shot

If teachers utilize the known mechameal principles which govern the
quahty of mevement, they can not only more effectively direct and accel
erate the learning of pupils, but also can more readily recognize and correct
errors made by pupis On the other hand, if leamers are taught the prin
ciples of movement, they can then understand their application in masterng
new detivities, and thus they are better able to learn new skills on thewr own
and sene as teachers (o others when tramned teachers are not available

Imbiatne on the part of mdnidual teachers to master the fundamentdls
of both teaching skills and other aspects of physical education 1s essential 1f
progress is to be madc towards a greater degree of physical hiteracy

54
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Thirty esght years ago the author of this chapter started with 24 prncrples
relatne to the mechanics of human movement sports, and since that tume
he has increased this number to y1—and m all probability still others re
matn to be discovered Moreover, there 15 no doubt that a great deal more
research 15 needed to round out present knowledge of the mechamcs of
sports skills In many sports tt 15 d that the techniques of out: g
performers are mechameally correct, whereds as a matter of fact exceptional
performance by a talented person may be i spite of rather than because of
lus techruque Experimental studies are needed m many sports and m vant
ous aspects of some sports to establish the superionity of specific movement
techmques

To msure constant progress towards physteal or motor mastery the teacher
should proceed according to correct mechanical prineiples

When, as 15 so commonly observed n physical education classes, the pupils
make slow progress in the learming of the correct technigues of motor skills
very often one of the reasons 15 that the pupils do not understand what they
are frymng to learn, and are often trymg to learn a skl incorrectly because
they think (erroneously) that this incorrect objective of learming 1s the cor
tect one One of the best ways to insure the pupils having the correct objec
tnves s to teach the activities i such a way that the mechamies of each type
of skill 1s clear not only to the teacher but to the pupil

The teachmg of the techniques of gymnastics, and of many sports imvolving
such activities as ranming, hurdling, jumpng, throwing the discus, throwing
a ball, Licking a football, swimming, or diving, has been highly developed
empirneally, but the mechanical prmciples upon which these techmques are
based are frequently only vaguely understood and most of the teaching 1s
based on tradition and on tnaland error learnmg—and not mfrequently
the teaching 15 erroneous Numerous books on track and field athletics, on
basketball, on baseball, and on other sports contan many erroneous state
ments of fact If the athletes wishing to master these skills were to follow
the directions gnen by the authors often mastery would be impossible, be
cause the directions are mcorrect

To learn such skills 1ly, the foll prereq! for the learn
ing situation would seem to be essenhial

1 The learner must have muscular strength adequate for the performance
of the task For example, a person who lacks strength enough to pull him
self up by hus arms or to flex the thighs forward on the trunk against the
tesistance of gravity and centnfugal force could not succeed 1n learning
to perform difficult exeraises on the honzontal bar, the paralle] bars, the
honizontal ladder, or the flying nings A person with weak arms will not be
able to put the shot or throw the discus successfully
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s

“The learner must know clearly how the skills should be performed, other
wise he 15 apt to be trying (all too frequently successfully) to learn the
wrong coordination—and, of course, will fail to learn the actwity cor
rect]

He xﬁust have develaped through previous practice of gymnastics or sports
an adequate hnesthetic sense and an ability to coordmnate tus body and
Timbs to enable him to control all parts of his body to the point where he
can cause them to obey his will This means, of course, that from the very
beginmng of the teaching of physical education shills in the schools, the
progression must not be too rapid and the techmque of the skill must be
correct

w

Trom the standpomt of the teacher the followmg abilities are desirable

The teacher should know the possibilities and the hmitations imposed by
the anatomical structures of the learners For example, the limitations of
the bachward movement of the femur in the acetabulum imposed by the
1ho femoral hgament hmats the effectne length of the fornard stnde of
the opposite leg m such movements as batting the baseball, and often
causes the batter to be moving backward away from the approachmg bail
when attempting to stuke it Another example 15 the limitation imposed
by short, biathcular muscles on the backs of the thighs (biceps femors,
d and it ) of the effective performance of 2
hurdler ahigh jumper, a diver a gymnast, or 2 dancer
The teacher should know the correct techniques of performmg each ac-
toaty He should know how to detect and rectify all mcorrect perform
ance Ths 1s best accomplished by learming the mechanical prnciples
that can be applied to the shalls of physical education, by learming how to
appls them, and by learming what happens mechanically when the ac
i1ty 15 incorrectly performed When any athletic or gymnastic activity 15
correctly performed, the mechanics of the performance 15 correct, 1f they
arc incorrectly petformed, the mechanics of the actonty 1s incorrect
3 The teacher should teach these mechanical principles to the performers,
often m a very simpliied manner and using a stmplified vocabulary—
particularly when teaching young children—so that they understand not
only what they are tnng to learn, but how the actiwity 15 to be per
formed, and why this method of performing the actnity 15 correct This
use of mechamical prnciples and the accompanying explanations can
readily be made even with children as young as 10 0r 12 years of age
\When leaming these mechancal prineiples, the teacher should indicate
how such shalls may be transferred to the learnmg of related shills for
cample, how one who has leamed the pnnciples of batting a baseball
may apph thit learming (in terms of mechamical praneples) to the
learning of the dmve 1n golf, or of a forehand or backhand stroke 1n ten
s, or of the licking of a football Most of the mechanical principles used

"
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i each of these actvihies should be almost entirely the same, and the
learner can apply these principles to different related actvities when he
takes them up at a later ime, often without the benefit of a skilled
teacher.

It may be helpful at this time to present several ltustrations Nine simple
prncsples will be presented here and mn tum all or almost all of them will
be applied to a number of different athlehc events This will show, further
more, how these principles can transfer from one activity to another

PRINCIPLES

1 The first prnciple presented 1s that i most stuking, throwmg, or kicking
movements the mass of the body should be moving i the direction of
the hit, throw, or kick

Thas results 1n adding effectiveness to activaty for if the body 1s moving
forward, the forward veloaty of bat, golf, club, tenmis racket, foot, etc
will be greater than if the body 1s not moving forward, or if 1t 15 even
moving backward *
Additional force 15 gven by the torque transmutted from the feet on the
ground or the floor through the rotation of the thighs at the hips, and the
rotabion of the trunk around the spine, and finally transmtted through
the shoulders and arms

In the case of kicking, torque 15 transmtted through a leg to the foot
that contacts the ball In the case of kicking a football, the torque tends to
be partially around a transverse axis passing through the hips, with the
Jacling leg moving forward and the trunk moving backward *
Frequently, though not always, just before the conclusive part of the per
formance the indvidual should adopt what 1s frequently called an “open
stance.”

N

w

*Thus may be flustrated by the followng formula
(m—em)ut 1ty mm
Va= 1+ ma

Tn this formula w reptesents the approaching velocity of the agent which strikes or

M Uvelnenl Turwdrd adds LU LIS TOIWdIL YL U f s s v J
greater

*In all subsequent deserptions, 1t will be assumed that the performer 15 nght handed,
and that he kicks with the night foot



58 CHARLES 1 MCCLOY

For example, i the case of putting the shot, after the mdividual has
executed the hop and after the nght foot comes to rest on the ground, the
Teft foot should not be directly m the line of direction of the throw, but
should be about 6 to 1o mches to the left of that hne Ths gives a larger
angular distance for rotation of pelvis and trunk, and permuts the move
ment supplying the torque to be camed further m a counterclockwise
direction
In almost all cases more than one force will be applied, and usnally those
farces are not equal in size

For example, in the shot put, after the hop, there will be the torque

and forward motion supphied by legs and trunk, which 15 a very powerful
force, and this force will be blended as its acceleration decreases mto the
movement of the upper arm around the shoulder jont m a forward and
upward plane, and this in turm will be followed by the vigorous palmar
flewion of the hand Quite obviously the strength of the flevon of the
hand s the weakest of these three forces The muscles that move the up
per arm forsard and upward are the next weaker, while the muscles winch
supply the torque and forvard movement of trunl and body are the
strongest 1f there was an effort to apply all of these forces sumultane
ously, the force of the muscles which supply the torque would be so strong
as to avershebm the forces of the other two groups because of the n
creased reachion resulting from the large merease m the acceleration of
the shot The punaple apphed here 15 to delay the beginning of the use
of the arm and shoulder muscles and later of the palmar flevors of the
hand until the feration produced by the p force has dimin
wshed to the pomt where the steength of the groups of muscles yust men
tioned can be applied effcctnely *
To permut the implement (bat, golf club, tenmis racket) or the hand or
foot to move through a longer arc 1 order to permut the applied force to
accelerate the mmplement, hand or foot to a greater veloaity, the arm
forcarm, hand, thigh lower leg, ete are moved n such 2 way that the
Timbs are shatply bent at cextain jomts

For eamiple, 1 swinging a golf ¢lub, not only are the arms rased side
wards and upward to the nght, but the hands are radnlly flexed so that
BarMfAho e T lirection of the intended

{or ag 2 tenms tacket 1w

- ., forward) the limbs arc
straightened at these jomts, thus the implement, hand, or foot 1 enabled

to travel through a greater distance before touching the ball or releasing
the ballin a throw In the golf swing, 25 the atms swing downward and to
the left m a arcular plane tangent to the ntended flight of the ball, the
hands arc ulnar ficced forcibly 1 such a way as to accelenate the angular

N

w

? Here the formula Force = mass X acceleration 15
tion 1s great the forees of both action and teaction
dmimsshed the forces dimin sh and the succeeding

the one that apphes When aceclera
ate great when the acceleration has
foree can be apphed effectnely
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maonvement of the golf club downward and thus to mncrease its vclocits at
mpact In a similar wav in Licking a foothall, as the thigh s fleved for
ward, the lower leg 15 extended rapudhs, enabling the foot to travel over a
greater distance and to achicve a ugher veloaits before impact
Just prior to impact or just before the releasing of a ball i the act of
thiowing i, the moscment of arms and hands, or legs and foot, should
be forcefully emphasized to the pont shere the indiadual “Tuts through”
the ball or * kicks through™ the ball

Ths 15 important because theve 15 often a psichological tendency to
anticipate the impact and to decrease the amount of force applied
In striling or throwing movements m which a great deal of foree 15 ap-
plied on an object of considerable werght, such as putting the shot, throw
ing the discus, or batting a ball, the rear foot should remam on the
ground until the implement s left the hand or the ball has left the bat

The reason for this 1s that 1 making the strong effort necded to thros
the discus, put the shot, or to swing the bat as hard as 15 necessany the re
action of this movement 15 so great that it 1s likely to greath retard the
forwatd morement of the body or even to push it backward Kecpng the
sear foot on the ground obviates this difficulty and prevents the reaction
of the throw or swing of the bat from moving the performer backwards
This 1s not important 1n the casc of the throwing of such light objects as
a baschall or cncket ball or javelm, as the mass of the ball of ivehn 1s s0
smll relative to the mass of the performer that at 1s preferable to obtam
as much forward momentum of the body as 1s passible, which gams more
for the performance than s lost by prematurely zemoving the rear foot
from the ground This prineiple does not, of course, appls to hicking ac
tivities where that foot 15 used as the * implement wsth which to hick the
ball
‘The it or throw should be performed at the correct angle When it
ting a baseball, for cxample, grasaty causes the ball to fall from the highest

S EM AL s la ALt aa
so that the ball will elear the net wathout beng pulled down nto the nct
by gravity Tus, of course, does not apply to the tenms smash or volles
from a position near the net In putting a shot at the world s record dis
tance, the proper angle 1s about 4o° from the honzontal
There should be a * follow through” after the conclusion of the perform
ance of bathing, throwing, or hicking 1n order to diminish the amount of

foree taken to stop the bads or b *
o G v E o v d e = mge ¥l W2 fah A g
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Tor example, 1n the case of putting the shot, after the ndnidual has
executed the hop and after the nght foot comes to rest on the ground, the
let foot should not be direetly 1 the linc of dircction of the thraw, but
should be about 6 to 10 inches to the left of that Iine Tlns gnesa larger
angular distance for rotation of pelvs and trunk, and permyts the move
ment supplying the torque to be carned further 1n a counterclochwise
direction
In almost all cases mote thin one force will be apphed, and usually those
forces are not cqual in size

For example, m the shot put, after the hop, there will be the torque

and forward motion supplied by legs and trunk, which 15 a very powerful
force, and this force will be blended as its acceleration decreases into the
movement of the upper arm around the shoulder jomt m a forward and
upward plane, and this i tum « 11l be followed by the vigorous palmar
flewion of the hand Quite obviously the strength of the flevion of the
Tand 1s the weakest of these three forces The muscles that move the up-
per arm forward and upward are the next w.eaker, wlile the muscles winch
supply the torque and forward movement of trunk and body are the
strongest If there was an effort to apph all of these forces simultane
ously, the force of the muscles which supply the torque would be so strong
as to overwhelm the forces of the other two groups because of the
creased reaction resulting from the large mcrease in the acceleration of
the shot The preiple apphed here 15 to delay the begmming of the use
of the arm and shoulder muscles, and later of the palmar flevors of the
hand, unti! the acecleration produced by the previous force has dimin
sshed to the point where the strength of the groups of muscles just men
tioned can be applied effectively *
To pernut the implement (bat golf club, tenms racket) or the hand or
foot to move through a longer arc 1n order to permut the apphed force to
accelerate the mmplement, hand or foot to a greater veloaity, the arm,
forearm, hand thigh, lower leg cte, are moved m such a way that the
TItmbs are sharply bent at cestain joints

For example, 1n swinging a golf club, not only are the arms raised side
wards and upwatd to the nght, but the hands are radally flesed so that
the golf club pomnts approvimately toward the direction of the intended
flight of the ball As the arms arc brought down {or as a tenmis racket 15
swung forward or the Jeg m Licking 15 swung forward) the limbs are
straightened at these joints, thus the implement, hand, or foot 15 enabled
to travel through a greater distance before touchng the ball or releasing
the ballin a throw In the golf swing, as the arms swing downward and to
the left 1n a aircular plane tangent to the intended fhght of the ball, the
hands are ulnar flexed foreibly 1n such a way as to accelerate the angulat

EN

v

® Here the formula Force = mass X acceleration 15
the one that apphies When accelera
Sun 15 %r:dnt the farces of both action and reaction are great \\hcgipthe acceleration has
hminished the forces dimmsh and the succeeding force can be applied effectnely
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The Drnve tm Golf Tt will readily be seen that the same principles will

apply to the stnking of a golf ball
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There 15 no step forward, but there 15 a lateral shift of mass from the nght
to the left as the swing progresses

The torque 15 around the long axis of the spme and the hip jomts, and
around an anteropostenor aws through the spine as the left amm swings
downward and to the left with the change of the lateral curve of the spine
froma left cune toa nght curve

Usually there 1s no open stance here as the hitting 15 m front of the body
and there 1s 2mple room to complete the pre impact swing before coming
to the end of the active muscular contraction

The application of forces 1s first, the lateral sway to the left then the ap-
phcation of the torque, then

The swing of the arms downward accompanied by the ulnar fleaon of the
hands just preceding the hit

The mdwidual should it through the ball for at least a few mches after
the club head has made contact with the ball

The rear (nght) leg should be hept straight and the ball of the foot
should remam on the ground and push strongly downward and to the
nght until after impact wath the ball

The player should hit strmight through for a dmve, but should kit down
ward shightly for his 1ron shots (this i olves another principle which wall
not be gone into here)

The follow through 1s for the same purpose as that described above

Putting the Shot In a shot put the same principles apply

There should be a hop on the nght foot of a nght handed thrower, mos

ing to the front of the circle and a tipping of the whole body on the nght
foot 1n the direction of the throw so that as the mdrvidual prepares to put
the shot, the whole body continucs to rotate counterclockwse around an
anteropostenor aws through the night foot The body should thus con

tinue to move 1 the direction of the anticipated put as the subsequent
forces are added

There should be an application of torque as indicated above n batting

There should be a placing of the forward (left) foot abont 8 inches to the
T oron Phip B

uth its accompanymg

‘The successne mosement of the upper arm 1 a forward and upward
plane (with wost in front of elbow), followed by the forceful palmar
flevion of the hand at the end of the throw

The mdiyidual should heep pushing the shot throughout until it has left
the hand
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7 'The rear foot should remain on the ground until the put has been com
pleted ®

The angle of the shot to the ground for the world s record distance should
be about 40 degrees The angle should be shghtly greater for shorter dis
tances

The reverse and follow through exemplifies the same pnnctples as these
indicated above m the discussion of the pnneiples

©®

o

Some Cxcepttons  There 1s not space here to analyze all of the activities
that have to do with throwmg stukmg or hicking There are some dif
ferences 1n different performances m some of wlich one or more of these
pronciples are not applicable For cxample n the throwing of light balls or
of the jaselin as indicated above, the rcar foot should not remam on the
ground as the mass of the bods 15 so much greater than that of the ball or
javelm that it 15 more cfficient to develop a larger amount of forward mo-
mentum and to neglect the relatnels mimor foree of reaction produced by
the throwing of the ball or javelin

QObsiously 1 hiching a foatball only one foot can remam on the ground
dunng the hick

In such an actinity as a backhand drmve 1n tenms not only 1s there no open
stance but there 1s a decrded closed stance or a stepping across with the for
ward foot Tlus 1s to permit a larger range of movement of the nght 1tm
and racket before 1t hits the ball and thus to emble a greater amount of
veloaty to be developed while the arm and racket are aceclerating over this
increased distance

In 1922 this wnter began the studs of mechanical analyscs of motor skills
with a list of 24 mechanical prneiples This list has grown through the vears
until he 15 now using 71 such prnaiples and subpuneiples 1nd the hst will
probably grow much longer m the future as more study 15 gnen to the
analysts of other activities

TRANSFER OF LEARNNG

Tt may readily be seen that if these punciples are taught to the learners (us
mg where necessary a simplificd terminology 1n heeping with the educa
tional progress and abilities of the pupils) these learners can readily under
stand the apphcation of these principles to the mastery of new achsahies Tor
example if a boy has leamed to bat a baseball he can readily learn to it a

hs hand
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golf ball well and to hick a football accurately 1f he applies these commor
prnaiples intelligently

This method of teaching (1) aids the teacher m teaching new shills The
teacher not only knows how to direct the learnmg of the pupils, but he more
readily recognizes the errors made by the pupils and the causes thereof
(2) Tt also auds the leamer humself to master new shills more readily m sttua
tions where he has no competent teacher, when, for example, he has nc
competent teacher of golf but 100 poor golfers all eager to show him how to
perform incorrectly! (3) Finally, st aids the leamer to become a more trust
worthy mstructor of others when a tramned teacher 1s not available

It 15 the wnter's belief that wider appheations of the mechanical analyses
of all shills pertinent to physical education will lead to better teaching of
these skills, and to about twice as rapid learning upon the part of the leam
ers Teachers of physical education or gymnastics should give as much atten
tion to developing such a scientific method of teaching sports and other
athletic skills as they have gisen to the teaching of the more formal gymnas
ticshalls

It would seem to this wnter that there are two very important aspects to
be adequate teaching of skills One 15 the application of the proper psy
chological punciples, and the other 15 the application of the proper mecham
cal panciples of analyzing the skills to be taught

In additton to these, of course, there 1s the extremely important 1tem that
the teacher shall at all times be alett, first to note the needs 1n the teaching
of each pupil so that the teacher may first present the skills 1n such a way
that they are most easily learned, and second, to correct errors as seon as
they occur so that the pupil does not continue to learn the incorrect applica
tions of psychological or mechanical principles

One cannot, in the space of one short chapter, present a senes of semester
courses 1n Prinerples, n Methods, i the Psychology of Physical Education,
and i the Mechanical Analysis of Motor Skalls It 1s only as the teachers be
come interested 1n studying in these areas, and perfecting their knowledge
and abilities 1n these areas, that progress will be made towards a greater de
gree of physical literacy *

RESEARCH NEEDS

Matenal covered 1 this chapter 15 very partial and deals with only one
aspect of the field of the mechamcal analysis of sports medicine The book
reference cited (Bunn) covers a great deal more of the same subject How
ever, the wniter fecls that very much more research should be undertaken to
push the knowledge of the mechamcal analysss of sports shills i the next

7 For further matenals see John Bunn Scientific Prnciples of Coaching New York
Prentice Hall, 1955
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few years As stated above, the wnter ongmally, in 1922, started with 24 dif
ferent punaples He now has accumulited 71 pnnaples, and s not at all
suze that he has covered everything It would scem ughly desirable that fur
ther research be done not only to discover new prnaiples, but to make more
accurate appheation of these punciples to different sports An example of
this might be seen m the change in the form of the shot put Not too long
ago, the shot putter stood with hus left side to the front of the ning, hopped
to hus left, and then completed the put Now the approved form scems to be
with the back toward the eircle, and hopping bickwards, and later turming to
hase the larger angulat movement take place before putting Thus new form
has not been expenimentally vahidated so far as the hterature 15 concerned

It may have been simply the fact that a man with adequate strength and
agihty was able to exploit tlus form, where he might have had equal suc

cess with the old form It would seem to the wnter that expenmental studics
on a number of expert putters should be exploited This would be only one
example of dozens of actvities which need speeial research done upon them
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Some Physwlogical Regulations Hlustrated in Exeraise

SUMMARY

The aim of this chapter 1 to ch some of the automatic regula
tions of cellular and bodily achivities Dramatic mstances of mherent con
trols can be described as they occur in muscular exercise When a muscle
cont:'ac:s s physical and ch, 1 are suddenly speeded up as
g v T e T B ra Ll a a

fectors of the system, but dlso in terms of quanistatne relations between
demand and supply At the end of a steady state of exercise, recoveries to the
resting state again reveal how the activities are modulated so that the wtal
state 15 restored The description of these relations between intensity of work
and modification of actwity reveals the patterns of badily and cellular orgam

zation both for mamntenance at rest and for coordinating various mtensittes
of physical actvity

INTRODUCTION

‘When a muscle contracts 1t does so with a particular rate, force, and dura
tion ‘Without nerves the muscle 1s paralyzed But when mmpulses arnve
through the nerves a number of processes are immediately speeded up At
least twelve enzymes act 1n series to gear energy into contraction (8) Hence
m the muscle at rest, one or more of the enzymes handling electrons 1s
Pprobably unavatlable, 1n an mactive form, until the tram of exaitation proc
esses 1s started Control of the muscle xmples control of all the steps in 1ts
energy transformations as well as 1n 1its overt contrachion Such self regula
tions attend every both voluntary and 1 y Almost the
whole body and 1ts far flung p of airculation, resp , and nen ous

67
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actmaty particrpate in hundreds of such controls making the study of regula
tions a comprehensn e one

Within the nervous svstem speesfic controls are easily recognmized A mus
cular svstem wathout autogenous reflexes would be like an antomobile with
out 1 man at the steenng wheel Regulation merns steenng aceeleratng
stopping and repainng The study of contraction s a process or exeitation
as a dhscrete event resembles the testing within the automobile of a single
evlinder s performance In fact onls when parts and processcs operate tor
gether 15 the 1utomolnle s output cffeetne Tt 15 effectine when output
¢rided to vancd aircumstances perhaps through utomatie choke avte
matie gearsluft automatic throttle and antomntic steenng

W ithout built in controls 1 cirenlation of blood wogld be as wild s an i
fant s first performance on the pano The dehsers of blood wold folles
no pattern and accomplish no result In detal the pressures m the blood
sessels would show no constancy the regiomal distribution of Plood flows
wotld be vandom (and largeh dictrted by grauty) and the total blood
pumnped by the heart would beas no relation to the demands  of exereise

8 hen a In g process comes to notice two Jands of physiologists exuune
1t Oncasks How does it work? Fhis hind trices to denbify the tvpe and parts
of mchineny represented The other ashs What starts ind stops 1t or speeas
or slows 1> His hind tnies to learn how the pracess modulates with circem
stances The cunous fact that the same physiologist rarcly segards the proc
ess with equal emphasis from both aspects scems to requure a separate em
phasis on regulators phenomena Sometimes this aspect 15 designated by the
term regulatory phisiolomy

The concept of regutation 15 famaliar today beeruse automatic gadgets
worh for us Only 1 centun 470 contral devices were so rate that regulabions
m everydyy fismg required human attention—house Tietting water supph
trackeeping street lighting Now 2 man may grow up m the mdst of m2
chunes that control themsehes and he hs no difficult m pictunng s
govermng systems as bemng natural mstead of supernatural

The study of contyols sometines consists of tearmg the machine apatt 1o

see 1ts structure In addition study ma tan
v be gnen to its intact opentting
charactenstics The latt be 8 AN

er study 15 e
A number of wass can be identifie
1sm$ getterally are descnbed From
bodily contrel systems may be partially discerned

Frequency of Heartbeat  Pulse counts are the most frequently meastred
of alt physidlogical parameters Here we inquite what they can tell us about
regilatians No doubt heartbeats ae counted 5o often beeause they 318
usebul mformation That mformation concerns (1) their constancy henee
thett averall controls under standard conditions and (z) ther changes 1
relation to pumeroys condittons known or unknown Here we will watch
pulse rates at rest dunng a bout of excreise and mmmedntel after it
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In an ndividual who counts his pulse frequency each mormng before he
anses, the coeffictent of vanation (CV = standard deviation/mean) 15 78
percent This means that two thirds of the counts fall between +7 8 percent
and —7 8 percent of the mean (11) This deviation sigmifies that all controls
of pulse frequency act together more often than not to prevent wider de
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partures from the mean The smaller the vanation, the more precise 15 the
regulation

When the same ndwndual stands up, hus pulse per minute mereases from
63 to 88 on the average The CV of pulse frequencies remams about the
same, 8 7 percent, which fact suggests that regulators are equally adequate
m this posture, and that constancy of pulse frequencies 1s not bemng saen
ficed 1n the mterests of regulating other factors such as cardiac output or
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artenal pressuse All the above represents an evaluation af a phiysiological
regulabion by means of relations to be desigmited below ay type R

When ¢xcraise begins the palse avcele stes as everyone hnows The course
of acecleration 13 worthy of study (Fig 1) Whale aceeleration begins mith
the very first beat i which bodily movemnent octuss a new steads {requency
15 not attained for some minutes {7) Sunslasl, aftee the exerase s oves
apprecrable time 15 tequured for deceleration We may thercfore speak of
transitional states between two steady states The measurable rates at wheeh
those transitions accur are the speeds with which regulation shafts The Gat

transition 15 the onset the sccond 15 the sccovery, and the Yabter s especully
useful for visuaizing regulaton sesponses
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external command But m the body the frequency of beats 1s almost con
tinuously modified through vaned nfluences Nerous nfluences, for n
stance, are both mhibitory and acceleratory, travelng to the heart through
numerous nerve fibers m which impulses are set up 1n response to dnverse
Therefore freq may be controlled both by factors such as

temperature mtansic m the pacemaker and by factors such as hormones ex
ternal to 1t but playing upon 1t The important feature of responses ta all
these mfluences 15 that they ordinanly follow an exact pattern, tesulting 1n
a heart frequency that 1s reproducible and 15 fixed under a gnen arcum
stance The constituent processes of controls, such as nerve impulse codes,
tepresent relations of fype T

Although the abose patterns of regulations show what happens to govern
the heart’s frequency of beat, they do not exhaust the ways of study mg regu
lations Further illustrations may be 5o
drawn from the field of respiration L

Breathing  Respuatory  regulationg | oot |
were first approached anatomucally, 1t
was found by Galen that the upper spi
nal cord was necessary for mammaltan
breathing  Centunes later Legallois
nated that parts of the bram anteror to
the medulla could be dispensed with
but not the medulla oblongata iself
Stll more recently respiratory regula

©
tions were approached chemucally, since ° 10 20 3 40
o b - LA PCONSPIRED MM

50

Fic 53 Alveolar pCO, and ex
prred pCO. as they change with

A hi
amount of breathing or ventilabon By ;’l‘:f"e':fmﬁg;)w‘f:‘;"é Ob’”“i);gg g’{

comelating the pulmonary ventilation Camphell et al (6)
with the partial pressure of each sub-
stance, we find that under ordinary circnmstances the carbon dioude pres
sure (pCO,) 15 chuef At altitudes pOs becomes chief In exercise we are able
to define the mterrelated roles of pCOs, pOs, pH, and metabohsms (10)
The overall resultant of regulation can also be expressed m a “concentra
tion diagram’ (relations of type Q) When the pCO; alone 15 vaned, the
automatic responses are assessed m alveolar pCO: (Fig 5 3} Or when the
pO; alone 15 vaned, the effect i blood and m hissues also may be viewed
n terms of pO; n them (Fig 5.4) In both cases the partal pressure m the
tissues does not change as much as the partial pressure 1n the etemnal
atmosphese Tracing the actual relations between the pressures of alveolar
ovygen and of inspured oxygen, we find that a convement measure of the
regulation 15 the slope of the line relating pO2 alveolar, or pO- capuilary and
PO: atmosphenc (Fig 54) Greater mtenention of physilogical functions
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arteral pressure All the abosve represents an evaluation of a physidlogiat
segulation by tmeans of relatons to be designated below as type R

When exercise begins the pulse accelerates, as everyone knows The course
of acceleration 18 worthy of study {Tig 51) Winle acceleration begus with
the very first beat 1 which bodily mosement oceurs, a new steady frequens
15 not attamed for some minutes (7) Sumidarly, after the exeraise 15 oot
apprecuable time s required for deceleration \We may therefore speak of
transitional states between two steady states The measnsable mtes at which
those transitions oceur are the speeds with which regulation shafts The st
transition 15 the onset, the sccond 15 the recoy ery, and the latter s csptﬂlu)
useful for visualizing regulaton responses
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external command But i the body the frequency of beats ss almost con
tmuowusly modified through vaned mfluences Nervous mfluences, for 1n
stance, are both mhibatory and acceleratory, travehng to the heart through
numerous nerve fibers 1 which mmpulses are set up 1 response to dnerse
sensations Therefore frequencies may be controlled both by factors such as
temperature intnnsic 1 the pacemaker and by factors such as hormones ex
ternal to 1t but playing upon 1t The important feature of responses to all
these mfluences 15 that they ordinanly follow an exact pattern, resulting
a heart frequency that 15 reproducible and 15 fixed under a gien cireum
stance The constituent processes of controls, such as nerve wnpulse codes,
represent relations of type T

Although the above patterns of regulations show what happens to govern
the heart’s frequency of beat, they do not exhaust the ways of studying regu

lations  Further illustrahons may be 50

drawn from the field of respiration .
B 1

40 pa

e R +
2
were first appmacl{ed an;;tomlcally, 1t
was found by Galen that the upper sp1
nal cord was necessary for mammahan
breathing  Centunes later Legallors
noted that parts of the bram antenor to
the medulla could be dispensed with,
but not the medulla oblongata stself
Still more recently respiratory regula

o
tions were approached chemically, since o 0 20 30 40 50
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Fic 53 Alveolar pCO; and ex
prred pCO g5 they change with

amount of breathing or ventilation By :;:’;spler:s::ﬁfdo “f;',:még:eag’ a't"ag 2;

cortelatng the pulmenary ventilaton g, pbell ct al (6)
with the partial pressure of each sub
stance, we find that under ordmary circumstances the carbon dioade pres
sure {pCOy) 15 chief At altitudes pOz becomes chief In exercise we are able
to define the mterrelated roles of pCOz, pO., pH and metabolsms (10)
The overall resultant of regulation can also be expressed an a “concentra
tion diagram” (relations of type Q) When the pCO: alone 15 vaned, the
automatic responses are assessed 1 alveolar pCO; (Fig 53) Or when the
PO; alone 15 vaned, the effect 1 blood and 1n tissues also may be viewed
m terms of pO; m them (Fig 5.4) In both cases the parhal pressure in the
hissues does not change as much as the partial pressure i the external
atmosphere Tracing the actual relations between the pressures of alveolar
oxygen and of mspired oxygen, we find that a convenient measure of the
regulation 1s the slape of the Iine relating pOz aheolar, or pO. capillary and
PO: atmosphenc (Fig 5.4) Greater mtervention of physiological functions
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results m low slope, os, the wtemal pO2 tends towards independence of
external pO; However, none of the slopes 15 constant at all pOs All the
speaific events and processes that react to the atmosphene pOz and pCO:
can remamn unnamed 1 this assessment of the overall regulatory result

One nced not stop with the corrclation of the internal pCO; and pO;
with the external pCO2 or pO- The extent of pulmonan ventilation, 1

150

ogMMMG

=50

R ]
0 50 100 150
PO, INSPIRED, MMHG

Fic 54 Pressure of oxygen estimated at four ponts
along the path of oxygen transport from mspflred ’x’m to
venous blood The two series of values were obtaned 1n
a man at sea level and in a man_acchmatized at 20 000
feet altitude Data of Houston and Riley (13) The shape

of the alveolar cury t
A e was obtamed from data assembled

consequence of breathing movements, vanes with gas pressure Stepwis

(rél(a)hox;f of type P1) one may first relate pulmanary ventilation erther W ith

1:: 2 (Tg 5 5) or with pO; or wath both (10), and since ventilation moves
0, and O, from and to alveols relate the rate of CO, output with pCO

rate of oxygen consumption with

pO: Second (type Pz), snce pCOz ¥

'cilﬁﬁffu ct? tt}}lne body s CO, content, and pO- to(,:sp O, cz;nt;m, cl')nc r:ﬁY

content { W g equbbration diag for the body's COz

Bt 1,341) and for the body’s O: content (p 344) Third {BPe
» the vanability of pCO; or other resultant of regulation may be 35

certamned (11) Tts corrclatives (type R2), of course, vary m harmony with
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1t (15,16) Fourth (type S), the behaviors that conserve O, when it 1s scarce,
and act to obtam more Og, convulsnely or otherwsse, are added Funally
(type T), actrties of the apparatus (chemoreceptors) seasitne to pQ,
and pCO,, of afferent, synaptic, and efferent nervous transmission of
muscular and vascular response, may be measured both m parts and
whole (10} The fractional contubution of each exchange, behavior, and
part can be estimated within Lmsts The whole picture of regulation would
be a thorough descnption of mammalian resprration, of which small frag
ments have been worked out
Only certam aspects of those
fragments are mentioned here

Interrelations in Exercise So
far we have spoken of heartbeat
frequencies of pulmonaty ventr
lations as though cach were reg
ulated alone But, of course,
many physiological changes oc
cur concurrently, as muscular ex
erase wellillustrates Each prop
ety that undergoes a change

40

w
o

°24LvroL4R

S
%

TOTAL VENTILATION, L/MIN,
- ~
o ]

may be termed a component, 1ts
ncrement may be termed a
strain

PO, MMHG

Fic 55 Total ventilation of resprratory
tract m relation to pCO, 1 air obtamed ot

Fne components that re
spond to exercise are shown m
Fig 51 One way of companng
them 15 to designate the testing value of each as 100 percent Then i the
grade of work imposed, oxygen consumption mereased nearly 8co percent,
cardiac ontput 300 percent, and heart frequency 2oc percent The acceler
ations of the three ran approximately proportonal to one another This
more or less familiar fact points to the exsstence of wtumate coordimation
which signifies fine quantitative regulation 1t may be pointed out that,
of course, oxygen consumption could not mcrease 800 percent without
more cardiac output, and the Jatter could hardly merease 300 percent with
out faster heartbeats That the several increments or loads are automatically
nearly proportioned, represents what predetermined controls do to adjust
the mcrements A suitable method of assessig the relations among the com
ponents duning exercise 15 to plot the load of one component {as, oxygen
consumption) agunst the load of another (as, cardiac output) as was actu
ally done (1,405) It there tumed out that during the transihon from
rest to exeraise and dunng the recovery from exercise the same path was
traced, showing that the three components mamtamed ratios at all times
In finer analysis the mcrements of these three components may not always
be proportional to one another (g), 1t appears rather that some other hinear

msprration, alyeolt and expration Data of
Campbell et al (6)
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relation holds among them Trom such a relaton alone one 15 tustified
n believing that stimuh, produced by the muscular work itsclf, influence
m a quantitatnely fived manner the diverse reflexes, secretions, metabo-
lisms, and mechamcal events beanng upon the effector organs for oxygen
consumption, cardiac output and pulse frequency

Not all strams of excrense are amwhere nearly proportional to one an
other, as Mlustrated by the increments of svstohic and dastohc artenal pies
sures (Fig 51) Indecd one pressure mereases while the other decreases
dunng the muscutar work The numencal difference between the two pres
sures, or the pulsc pressure also 1s not paratle] to the other components m
the transitional penods These facts mdicate that descriptions of reguhtorny
arringements cannot all fit one simphified scheme They also smply that the
arrangements themselves mesh in ways which cannot be predicted

Each of the components portraved m Fig 5t waxes and wanes m what
may be termed a tolerance cunve As m a blood sugar tolerance cunve, 1
tial disturbance sends the component away from ats resting value Vanous
compensations gradualls come mto play so that the component's vatue ap-
proaches 1 steady onc At the cessation of excraise the compensations, al
ready started cffect recoseny they taper off exponentially toward the final
testmg value of cach component The course of events appears to be smooth
but the number of processes operating behind the scenes 15 great indeed
For nstance the recovery of oxygen consumption after exercisc can be 1€p
resented i part as a compound of two oxygen debts, an alactate debt and
a lactate debt Each debt has its own rate of anset and of removal that cor
responds with a chemical clearance (12) An inference 15 that the two debts
or their thermodynamic representatnes are strmuly, cach of which dictates
an acceleration and later a deceleration of cardiac output, as well as of
pulmonary sentilation and of other components

Although the number of componcnts that suffer displacement dunng 3
bout of excrawse be large, they are evidently linked with one another m 2
pattem of mterlocking controls For ecample pulmoniny ventilabion, heart
beat frequency, and nse of body temperature arc each a part of the exercise
syndrome Fach increment 1n a component may be regarded as a stram to
which the physiological body 1s subjected The fact that there are many
stramns suggests that each one absorbs part of the disturbance One may even
wmagiae that vanous straws become adpusted 1o relation to one another 8
as to tesult 1n a sum of strains which 15 mmimal Thus, more nse of body
temperature may rehere the cireulatory system from a call to respond with 3
greater increase of blood flow

Comparison of stresses  Each stran 15 a part of the response to an 1m
pinging stress In ths case a portion of the stress may be the drme that 1m
pelled the man to exereise and anothet portion may be the resulting meta
bolic and other derangements that departed from control values Some of
the physiological components that become stramned, such as pulmonary
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ventilation (10,57) and heartbeat frequencies {4}, appear to accelerate
Iinarly wath the degree of metabohic stress or intensity of work

Any one of the physiological strains, such as heartbeat frequency, can be
used as a partial measure of seventy of vanous stresses Such use 1s 1llustrated
by the resp to certamn compounded stresses that have been mvestigated
Men who work m hot deserts are subjected to muscular effort, heat, and de

PULSE RATE WH LE WORKING, BEATS /MIN

0 200 400 600

20 30 40 50 powER QUTRUT KG M/MN
AR TEMPERATIRE, °C DEHYDRATION,% OF WT

° 2 4 &

Fic 56 Effects of (A) heat, (B) grade of work and (C} bodily dehydration
on pulse rates during work Methods and derivations of data as described in
Adolph et al (2,204)

hydration Counts of pulse rates can be used to compare the stresses m
posed by each of them For this puspose men did standard exercises of two
work mtensities 1n three atmospheres and while dehydrated by o to 7 per
cent of their body werghts () It turned out that the frequency of heart
beats was proportional to each of these stresses withm wade Iimuts (Fig 5 6)
Therefore the slopes of the three diagrams m Fig 56 could be read m some
such terms as Table 51 From the table i turn one can predict the stram

Taste 51 Relation of Increment m Heart Beat Frequency
to Three Stresses in Man

Increase m Stress for AStrain®

Type of Stress of 1 Beat/Mmn
A Arr temperature —~32° 067°C
B Worl rate 94 kg m /mm
C Bodily dehydration 015% weight

* Astran =0 67 (A—32°) +94 B+ 015 C
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imposed on the average man by each stress mentioned Two or three stresses
supenmposed can also be estimated by the addition of the empincal factors
listed

One further step 1s informatie, stresses that gave equal accelerations of
heartbeat may be said to be equnalent to one another The equuvalences
thus estimated (Table 5 2) reveal relatie effects from otherwise mcommen
surate quantitics of work, heat and dehydration The hist could be extended
to other forms of stress such as posture, radition, clothing, and humdity
Erroneous conclusions would be reached howeser, 1f one supposed that all
the kinds of strains on the body were proportional to the increase of pulse
frequency For instance increases of rectal temperature dunng the tests
here desciibed were not proportional to meteases of pulse frequency, this
fact meant a different value would be estimated from each form of straim,

TasLe 52 Interrelations Among Three Stresses When They Arouse Equal
Increments of Heart Frequency*

Stress A Stress B Stress C
Type of Stress Equnalent Equnalent Equivalent
A Arr temperature —32° 140B 022C
B Work rate 071 (A—32°) 016C
C Bodily dehydration 45 (A—32°) 63 B

* Unuts are those of Table § 1

and mdeed from equal stresses imposed on different men No genesal
method has yet been devised for compounding concurrent strams, such as
of pulse, of rectal temperature, and mcrement of at
tenal pressure, to yield a value that will accurately represent the overall ¢
sultant of many stresses
Here the example of pulse frequencies under additne stresses has been
presented A parallel method has also been shown to yield sahsfactory estt
mates of ventilation rates under additwe stresses of Tigh carbon diowide, high
altitude, and exeraise (10) The method of companng dnerse stresses by
means of their relatne physivlogical effects 15 undoubtedly a general one,
but actually quantitation of the effects 1s still himited to interpolations
Patterns of Regulations Regulations hase been recogmzed for a great
many components m addition to those mentioned sbove Not merely pulse
fi 1s reproducibly controlled, but also such components as body w3
ter content, body heat, sweat secretion, shnenng, muscle tonus, and food 1
take Further, every living cell shows that controls exist of its C]'lemlCﬂ] trans
formations, substance exchanges, and physical states For each physiological
process whose details are investigated, there 15 found a multitude of factors
that modulate the rate of the process Operation of most of these factors
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appears to be built mnto the working constitution of the organism so that
external circumstances rarely overpower the pattern of mamtenance

‘What hinds of information have been found useful 1n understanding phys
tological regulations? How docs someone design expeniments to reveal their
charactenstics® Several types of regulatory patterns have been recogmized
(1) Often we can ascertamn how speeds of activity vary with intemal states
of the bodv Thus an artenal pressure less than usual leads to refex accelera
tion of heart and constuiction of artenoles These “appropniate” responses
raise the pressure by a graded amount By study of the gradations, that 15, by
quantitatine co of with the phystol 1 states (such as
pressure change) which act as stumuly, the regulations can be descnbed Any
relation between rate and state may be here designated ty pe P

Sometimes we can show that the concentration of a bodilv constituent
differs from the concentration outside (type Q) Thus carbon dioude pres
sure m artenal blood systematically varies as the carbon diowide pressure
changes in the air breathed (g 53) Once we have worked out such a re
lattion we have descnibed the overall regulation, whether or not we know
what bodily parts arc implicated 1n ventilahion, cireulation, and blood manu
facture

The constancy of a bodily property may itself measure regulation (type
R) That body weight vanes httle from day to day or year to year speaks for
a net control of all mtakes and outputs of substance A measure of con
stancy, such as standard deviation, tells us how unlikely large departures
from the mean or norm may be, and reflects the efficacy with which fluctua
tions are prevented Correlations hlewise exist among diverse components
whereby a change in one pulls another with it

In a separate category may be placed the vaned behaviors that tend to
preserve bodily constancies and controls (type S) Heat constancy 1s
achieved not only by the devices for modifymg heat gamns and heat logses
that are at work within the organ systems, but m the behaviors whereby
more or less clothing 15 put on, or more or less exposure to fire or shade 15
chosen The preservative nature of such behaviors has been noted by ob-
servers mn all ages of mankind, part of the task of modemn physiology and
psychology 15 to analyze their ongins and their places m the constellation of
regulatory activities

Tinally, regulations are made up of processes and parts (fype T) Contrac
tions and muscles sensations and nerves, secretions and glands are the more
obvious mstruments of regulatory responses Actually, however, every lving
cell has 1ts own self contained 1nvisible regulatory activities, and the mdivid
ual processes that fit together into the multiple patterns of its control are
numerous indeed To unravel them requies tools other than anatomeal
ones 1t requires the uvse of biochemical mhibitors, imposed temperatures
and a1l the armament of the expenmenter
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mposed on the average man by cach stsess mentioned Two or three stresses
supenmposed can also be estimated by the addihon of the espracal factors
hsted

One further step 15 informatnve, stresses that gave equal seeclesations of
heartbeat may be sud to be equinalent to one another The equivalencst
thus estimated (Table 5 2) reveal relatne effects from otherwise wncommen
surate quantities of work heat and delndration The hist eosld be extended
to other forms of stress such as posture, fadrtion, clothung, and humdis
Exroncaus canclusions would be reached however, 1f one supposed that 2l
the Linds of strains on the body were proportional to the merease of pids
frequency  For instance, of rectal temy ure dunng the tests
here descubed were not proportional to increases of pulse frequency; ths
fact meant a different saluc would be eshmated from tach form of stom,

Fape 52 Interrelations Among Three Stresses When They Arouse Equl
Increments of Hleart ¥ requency®

Stress A Stress B StressC
Type of Stress Equnalent Equnalent Eguuwalent
A Air temperature —32° snc
B Work rate 071 [A=320 1108 816C
C Bodily dehydration 45 (A—JZ-{ 63 B

* Units are those of Table § 1

and indeed from equal stresses imposed on different men No gcngni
method has yef been devised for compounding concurrent strnns, such 2
‘;:;mt; of Fl(llse‘ tnerement of rectal temperature, and merement of 5
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ere the ecample of pulse frequencies under additive stresses has bee®
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appears to be built mnta the working constitution of the organism so that
external circumstances rarely overpower the pattern of maintenance

What hinds of mformation have been found useful i understanding phys
tological regutations? How does someone design expeniments to reveal thexr
characteristics? Several types of regulatory patterns have been recogmized
(1) Often we can ascertain how speeds of activity vary with internal states
of the bedy Thus an artenal pressure less than usual leads to reflex accelera
tion of heart and constriction of artenoles These ‘ appropnate” responses
raise the pressure by a graded amount By study of the gradations, that 15, by
quantitative companson of responses with the physiological states (such as
pressure change) which act as stmuly, the regulations can be described Any
relation between rate and state may be here designated type P

Sometimes we can show that the concentration of a bodily constituent
differs from the concentration outside (pe Q) Thus carbon dioade pres
sure m artenal blood systematically vanes as the carbon dioide pressure
changes in the air breathed (Fig 53) Once we have worked out such a re
lation we have described the overall regulation, whether or not we know
what bodily parts are mnplicated m venhilation, cireulation, and blood manu
facture

The constancy of a bodily property may 1tself measure regulation {type
R) That body wetght vanes little from day to day or year to year speaks for
a net control of all mtakes and outputs of substance A measure of con
stancy, such as standard deviation, tells us how unlikely large departures
from the mean or norm may be, and reflects the efficacy with which fluctua
tions are prevented Correlations likewise exist among dwerse components
whereby a change 1 one pulls another with 1t

In a separate category may be placed the vaned behaviors that tend to
preserve bodily constancies and controls {ippe §) Heat constancy 15
achieved not only by the devices for modifying heat gams and heat losses
that are at work withm the organ systems, but m the behaviors whereby
more or less clothing 15 put on, or more or less exposure to fire or shade 15
chosen The preservative nature of such behastors has been noted by ob
servers 1n all ages of mankimd part of the task of modern physiology and
Ppsychology 15 to analyze their ongmns and their places in the constellation of
regulatory achvities

Finally, regulations are made up of processes and par:s {tyfze T) Contrac

ha

ual processes that fit together into the multiple patterns of its control are
numerous mdeed To unravel them requires tools other than anatomical
ones 1t requires the use of b hib tmposed

and all the armament of the expetimenter
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These five types or patterns of relations that reveal regulations are cer
tainly not the only ways m which rclations ymportant to regulatory study
may be found But they are guides to future explorations They are types
that hayve been worked out to date 1n studics of regulations

The general concept of regulations 15 a powerful one both n theory and
1 applications In theory we hnow how to find the pattern of a given regula
tion, since regulations of diverse components have been already analyzed
and their usual conformations are known For wstance, we recognize that
we are to look for relations of type P betwcen content or concentration of a
property or component and its rate of change or exchange Only one con
tent (the most usual one) allows complacency m which nothing 15 done
to change 1t In apphcation we arc able to predict what sorts of compensa
tions to expect, and predict that there will be lumits to them Thus, we find
there 15 on the average an upper limit to human heartbeat frequencies
{abont 210 beats per minute), and we can estmate from Table 51 what
degree of dehydration and intensity of heat wall impose this rapid heart rate
without performance of any work at all We can further be sure that the re
covery of heart frequency toward its resting value takes time, and that the
recovery 15 faster after a great disturbance than after a small (Fig 532)
Tinally, we may, 1f we wish, attach an inference to the rate of recorery, and
suppose that fast recovery 15 advantageous to the individual that has 1t Thus,
upon companng persons of dwerse age we find that for pulse recovery there
15 a youth optimum (at 11 years, 3), and upon companng persons with cir
culatory disturbances of daverse sorts we find that most have slow recoseries
In other words the study of tolerances, equiibrations, and strams are the

basis of fitness testing assessment of indvidual performance and evaluation
of functional constitution

CONCLUSION

Regulatory physiology, the study of automatic controls 1n Living phenom
ena, 15 viewed 10 terms of certam carcnlatory and Tespiratory responses to
exercise and to recovery from 1t T'requency of heartbeat 15 found to be ac
curately graded n relation to intensity and duration of work. Without neces
sanly complete nformation co: g the nerve impulses and cal
and chemical factors of control, useful patterns have been established relat
g pulse frequency to steady and transiional states of exercise Breathing
responses were stmlarly examined 1n relation to pressures of CO and O
mamtamed within the body Vanabilities of functional properties and of
behaviors that ease the tasks of intemal contrals were also noted Using an
mdicator of physiological stram such as pulse frequency, the relative strestes
imposed on the body can be compared Altogether the regulatory patterns
illustrated fell into five types which taken together describe the over all regu
lations mherent 1n physiological activities

1
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Newromuscular Integration

SUMMARY

The coordinated operation of the sheletal musculature is one of the most
obvious and most tmportant of the body functions Man s ability to sunne
1n a wide varety of emronments and to adjust to drastic changes i s en
vironment depends in large measure on his ability to direct Ius movements
appropnately one has only to imaguie how utlerl) dependent on others he
would become n the cvent of complete paralysts to realize the truth of this
statement

Skeletal muscles are completely dependent on the nervous system for ther
operation They remamn relaxed and flaccid m the absence of signals from
the central nervous systemt by way of motor nerve fibers These signals the
nerve mmpulses are self-propagating waves of exaitation Upon armal at
the motor end-plate of the muscle fiber they bring about changes leading to
the generation of similar waves m the muscle cells themselves These self
propagating exertation waves m muscle fibers are essential prerequisites for
actnating the contractile processes

Excitability and the process of i are basic cl 1) ses of v

tng matter \When protoplasm loses 1ts excitability and no longer undergocs

tation i resp to stimulation, 1t 15 no longer recogmzed ds hving
matter In most of our organs, leads to a ch stic

For example when a sheletal muscle contracts, we recogmze the shortening
as the charactenstic response of that kind of organ and infer that excitation
must fave occurred and served to trigger the response In the nervous system
(central as well as perpheral), the situation 1s different 1n that the response
of neurons 15 not ¢ process which follows excitation rather, the response m
neurons 1s the excitatton process itself

Recent imyestigat have shed derable light on the conditions es
sential to excitability and on the nature of the process of excitation In view

8
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of ths fact and of the obvious importance of an understanding of these
basic matters to students of neuromuscular function, an effort has been
made to present the essence of a derable amount of pamstaking (and
often hughly techmcal) research mn concise, comprehensible language The
am 1s fo explan the 1onic hypothesis of excitability and excitation m terms
which can be understood by mdwiduals who do not have an extensne back
ground an physics, cherrustry and mathematics

The manner in which muscle contractions are quantitatnvely controlled
from weak, barely noticeable contractions to very powerful ones 1s discussed
m some detail and reconciled with the All or None Law

An evaluation of the clectromyogram as a quantitative measure of con
traction should prove useful to readers who have equipment for elcctro
myographic recording at thewr disposal For others 1t should help i the
critical reading of reports of exp m wluch ol ograms were 1¢
corded Condittons m which the EMG does and does not provde a vahd
measure are discussed

In the section of this chapter on reflex control of the skeletal muscles, an
effort 1s made to explain how the skeletal musculature 1s operated to provide
responses which are qualitatnvely approprate for the stimult which evoke
them The importance of the locus stimulated 1 determiming the nature of
the response 1s stressed

The classical concept of the stretch reflex and the operation of the muscle
spmdles has undergone much modification recently mn hght of studies of
the small fiber mator nerve system to the spmdles This and other farrly re
cent contributions whose significance has possibly not been fully apprect
ated are discussed One of these 15 the * Renshaw feedback system whereby
branches of active motor neurons conduct rmpuls~s back to synapse with
“Renshaw cells' 1 the cord The latter cells are interneurons which achiere
synapse with actne motoneurons and exert on them an mlubitory action
By ths means, motoneuron activity 1s somew hat self imiting

Finally, the parallel inft of the mhubttory and facihtatory areas of the
bramn stem reticular formation on the alpha motoneurons (to skeletal mus
cle fibers) and gamma motoneurons (to wmtrafusal fibers m the muscle
spindles) 1s considered Esidence 1s summanzed to show that mosement
may frequently be mtitiated by having the gamma system serve as a sort of
“igmtion mechamsm ” This 1s one of a number of mstances wluch show that
the central nervous system exerts a measure of cortrol over the discharge of
dfferent impulses from receptors to the CNS This has bzen more ade
quately studsed for muscle spidles than for any other receptors

INTRODUCTION

The forces which move the supporting framew otk of the body are un
Teashed within skeletal muscles on receipt of signals by way of their motor
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neres In the absence of such signals, the museles normally are relaxed
Movement 15 almost alsays the result of the combined action of a group
of muscles which pull i somewhat different durections, so the control of
movement mvohes a distnbution of signals withm the central nenous sys
tem (CNS) to appropnate motor nerves with precise timung and i appro
prate number In order for mosements to be useful n making adjustments
to external situations, 1t 1s necessary for the central nervous system to be
appused of thesc situations which are continually changmng A means of
providing this mformation promptly cwists m a vanety of receptors senst
tive to changes in temperature ight pressure cte These receptors are signal
gencrators which dispatch signals (nerve impulscs) to the CNS over af
ferent nene fibers The CNS recenves these signals together wath identical
oncs from wathm the muscles joints tendons and other body structures and
15 led thereby to generate and distriibute in fantwtically orderly array mynads
of signals to vanous muscles This despite the enormous complexity of the
machunery mvolied enables the mdividual to do one mam thing at a time

This 15 mtegration It 1s what Sir Charles Shernngton meant by the integra

tise action of the nenvous system  (37) We shall attempt to eluaidate some
of the mechamsms of integration

THE MOTOR NERVF CONTROL OF
SKELETAL MUSCLLE

THE SIGNIFICANCE OF LXCITATION

The vital motos nerse impulses referred to m the introduction are evata
tion waves which arc generated n mtraspinal portions of the motoneurons
and are then propagated along their axons to the neuromuscular junctions
within the sheletal muscles As a result of the armval of these impulses at
the neuromuscular (N M) junctions there are generated exaitation waves
which are propagated through the muscle fibers 1n essentially the same man
ner as the nerve mmpulses through nene fibers This 1s not the contrachle
process but a conductile process entirely analogous to the propagation of the
exeitation wave 1n the nene fiber However, 1t 15 2 prerequisite to contrac
tion m physiological and 1s responsible for mmtiating those
brochemrcal reactions whose end result 15 contraction

1t 15 1mportant that to develop a clear concept of the process of excitatton
before beginnuing the study of neuromuscular mtegration Excitation 1s 2
self propagating signal which flows rapidly from the motor end plate
through all parts of the muscle fiber and trggers the contractile mechamsm
Tt 1s also a sclf propagating signal wlich passes from centers 1 the spimal
cord along motoneuron fibers to their terminations at N M junctions within
skeletal muscles, as well as a self propagating signal that passes from recep
tors along afferent fibers to the central nervous system It 15 the very key
stonc of neuromuseular integration

)
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Tue Ioxtc Basts FOrR Excrrasmwary Tiue Restne Menisrane PoTeNTIAL

Excitation 15 a process iy olving complex physical and chemical changes,
ncluding movements of electrically charged 1ons In this section we shall
consider the 1omc and electneal situation 1 the resting cell as a background
for a discussion 1n the next section of the changes which take place during
exafation

The membrane of an excitable cell 15 polanzed, the extenor being pos:
tively charged with respect to the intenor This potential difference 15 asso
cated with an unequal distubution of t1ons on the two sides of the mem
brane of the resting cell

‘There seem to be two major reasons for the unequal distribution of 10ns
(1) Synthesis within the cell of organic anions to which the cell membrane
1s impermeable, (2) achve extrusion of Na* ions (cations) These two
factors would tend to make the intenor of the cell negative with respect to
the extenior As a result of this tendency, diffusible amons (chiefly Cl } are
repelled by the negatie charge mside the cell and are attracted by the
positive charge outside One would therefore expect (and find) CI 10ns 1n
greater concentration outside than imnside the resting cell Moreover, the
concentration ratio of Cl outside to Cl inside should be just enough so
that the tendency for the outward diffusion of chlonde ions due to the
electrical gradient would be exactly equalled by a tendency for mward
diffusion due to their concentration gradient Thus, at equilibrium, outward
and mward diffusion of chlonde 1ons would be equal and their net exchange
zero Sumifarly, diffusible cations (chiefly K ) would be expected to reach
equilibnum when the ratio of K* mside to K* outside 1s adequate to balance
the electncal gradient which tends to force them mward *

On the basis of the concept of 1onic equilibrrum outlined m the preceding
paragraph, Nernst developed an equation relating the ratio of internal to
external concentration of a diffusible 10n to the value of the electncal
Ppotential across the resting membrane If the concentration gradient of an
10n 15 known, 1t should be possible to calculate the electrical gradient against
which 1t 15 balanced This electrical gradient would be the resting mem
brane potential, E, In its smplest form the Nemnst equation for E, at room
temperature may be stated as follows

E. (nmv) =58 log 10 E;;;
1)o
or E, (in mv) =58 log s %

Actual measurements of E, prove to be almost exactly that calculated by
the Nemst equation from measured values for chlonde 10n concentrations

10n thermodynamic panciples Donnan developed a theory to account for the unequal
dlstnﬁuhonn:f dy:;uslbleplunslin the presence of a nondiffusible 1on This 15 now widely
aceepted as the Donnan theory of membrane equilbnum Textbooks of physical chemustry
may be consulted for details
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Smtlar caleulations based on the potassium 1on concentrations usually
indicate a shghtly lower L, than 1s actually found by measurement Stnce
the discrepancy 1s not great 1t has been attnbuted to expenmental error,
but Eccles (7) suggests that it 15 @ real discrepancy due to the presence of
an additional factor which uds the clectneal gradient 1n holdmg K 1oms
mside the cell aganst ther concentration gradient This additional force
need not be large for the clectneal gradient 1s almost adequate to balance
the force of outward diffusion resulhing from the Ingh ratio of interml to
external potassium tons (20 to so 1) Eccles postulates an actne hiochemt
cal process referred to as a potasstum pump to supph the small additronal
mward force required

1f the cell membrane were frecly permeable to sodwm 1oms, the resting
membrane potential required to mamtain the (approuimate) 10 1 external
to mternal ratio of sodmum 1en concentrations found expenmentally would
have to be about so mv positne mside with respect to the outside All ex
penmental evidence shows the mtenor to be negaine (ca 70 mv) There
fore the electrreal gradient, mstead of opposing the concentration gradient
as 1t does 1 the case of K* and Cl 1o0ms, 15 1n the same direction There
has to be a mechanism which extrudes sodium aganst a steep jnward dif
tusion gradient consisting of the combined electrical and concentration
gradients A sodium pump 1s postulated for this, operating by an active bio-
chemical process analogous to that of the potassium pump mentioned ear
her But the need for a sodium pump 15 much greater and became evident
catlier than the need fora p pump Correspondingly, the hiterature
15 replete wath references to the sodium pump, winle relatively hittle 1s sard
about the potasstam pump Lattle 15 hnown of the actual mature of either of
these hypothetical pumps Presumably the operation of the sodwm pump 15
tegulated by the mternal sodtum concentrahion in such a way as to mamntam
the 10 1 external to mternal concentration ratto despite the combined elec
trical and chemical gradients tending to force sodium ons mward The ong
nal 1ome hypothes:s proposed by Bernstemn 1n 1902 {1} did not mclude ths
concept The modern 10mc hypothests was formutated by Hodglan and Katz
migg9 (22) 77 T " - -
graphs by Ecc
as 1t pertamns
tential Simce the sodwm pump 15 by far the most :mportant factor ynp mam
tarmng an uncqual distibutron of 1ons, it 1s really the mechamsm ultimately
sesponsible for the resting membrane potentinl This was postulated 1n
1954 (15) and 1s now an accepted part of the 1omic hypothesis

Excrration anp e Tonic Hypotnests
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the surface membrane of a motoneuron Metabolic actvities of the cell keep
the battery charged to around 70 mv, the mner surface being the negative
pole and the outer surface the positnve pole The resistance of the mem
brane, which 1s hugh 1n the resting cell, falls dunng excitation, permtting
discharge of the “capacitor

The electneal properties of neurons are so stuking that for a number of
years consideration of electnical phenomena largely obscured the fact that i
the mtra and extracellular body fluids, electric currents are conducted by
electrolytes, 1¢, by the movement of 1ons Intensise work dunng the past
few years however (particularly that by

Hodgkm and s assocates, cited n I oursoe
the precedmg section) has emphasized

the sigmificance of 10ns 1n the electneal )

phenomena mcluding the action po 3xior 811050

tential and action current
Whether or not one 15 thinking 1n

terms of 10n movements, the concept 7o
of exartation m terms essentially of the INSIDE
discharge of energy stored as a testing

membrane potential s madequate It Fic 61 Formal electrical dia

appeared to be a satisfactory explana  gram of the resting membrane of a
tion as long as measurements of poten ifzﬂlﬂg:';f I":’;‘,‘;"f:;;’i, Tzf;?vrg.tg:;g
tal were made exclusively through v PL:IC‘ ta’r;‘zcz, d resxstancep { Eulz‘:
extracellular electrodes Such measure y

ments always showed the action po

tential, 1e, the change in the membrane potential durmg activity, to be
less than the resting potential After the mtroduction of microelectrodes,
however, it soon became apparent that when the action potential was meas
ured durectly across the \ with an mtracellular and an extracellul.
electrode, the change during activity often exceeded the preevisting potential
This mdicates not 2 simple discharge which, at best, could enly reduce the
membrane potential from 1ts restng value to zero It mdicates a process by
which the resting membrane potential 1s reversed, becoming during excita
ton mternally positive and externally negative Recent studies (6) using a
mcroclectrode mserted mside a matoneuron n the ventral grav column of
a cats spinal cord reveal a resting potential of 70 mv (anternally negative)
and an action potential of 120 mv (1nternally positive)

The “overshoot of the spike potential (1e, the reversal of resting po
tentnal duning excitation) 15 accounted for by the modern 1omc hypothesis
According to this hypothesis, the stimulus brings about a sudden, drastic
merease 11 membrane permeability As a consequence, sodwum 10ns com
mence to flow mward along their steep electrochemical gradient This leads
to activation of a biochemical mecharism which actively forces Na* 1ons 1n
Thus depolanzation begns by passne mward diffusion of Na* 1ons and 1s
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enhanced by actne transfer through operation of a sodium carmer system
(note that the sodium pump 1s a system for active outward transport of
sodium 10ns, whereas the sodium carrier 15 a system for active mmard trans
port) Through the combined passive and active influx of Na* jons, enough
positive charge accumulates inside to reverse the resting potentral This
mward movement of sodium 10ns thus produces the spihe Classically, the
spike 15 a negative deflection but 1t should be clear that 1t 15 negative only
when measured by an electrode placed outside the cell An intracellular
electrode records the spihe as a positne deflection

Only the first, or “nsing, lmb of the spike potenhal 15 accounted for
by sodwm ion mflow The descending hmb, mdicating restoration of the
resting potential, requires the outflow of a hike number of ions of like charge
Immediate recovery of excitability 15 not accomplished by the ejection of
sodwim 1ons—no mechanism 15 available which can do this withm the
millisecond (approuimately) before the neuron can be exaited agam In
stead, 1t 15 accomplished by the outflow of potassium 1ons This outflow
actually begims early durng the rising hmb of the spike when mcommng
sodium 1ons disturb the dy quilib P outflow begms
as passive diffusion along 1ts concentration gradient It 15 thought that a
potassium carner system 1s actinated and aids the outflow Of course when
the membrane 15 excited and 1ts potential 1s reversed, the nternal posttivity
would also ad in expelling K* 10ns Dunng the nsing limb of the spike,
sodum mflow begins slowly, accelerates tremendously, then begins to slow
down as the cammer system's actity wanes Dunng this same time, potas
stum outflow 15 accelerating Suddenly the outflow becomes domnant and
the sptke ceases to nise and starts to fall The process of restoration of the
resting potential has overtaken the processes responsible for the spihe

Exatation, then, 1s recogmzed by an action potential spike of about 2
millisecond m duration The vanation m membrane potential which we
call the spike 1s accomplished by trading sodium for potassium 10ns across
the cell membrane sodiim nflow leading and causing the nsing mb of
the spike, potassium outflow promptly following and restonng the resting
potential Only a tiny fraction of the available Na* and K* 1oms are €<
changed duning a single mmpulse, so that many thousands of impulses would
not senously affect their respectve internal and extemal concentrations
Moreover, the sodwm pump, while not fast enough to eject sodwm 10ns
for recorery of excitability within a millisecond, as potassium outflow can,
operates continuously and replaces the external potassium by sodium durng
the neuron’s mactive periods

CoNbucTIoN AND TRANSMISSION

Conduction refers to the propagation of evaitation along a nerve fiber
The nerve fiber 1s commonly represented by a diagram s 1 Fig 62A The
charged membrane 1s indicated by plus and mmus signs The exaited region
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m older dragrams 15 represented as simply depolanzed, 1e, the plus and
minus signs are absent brom the evated regans The figare shown here
sepresents the everted region as a region of roversed potential n accord with
evdence now available It gocs 2 step further, howeser and ndicates by
means of arrows the mflow of sodum 0ns durng the nsing phase of an
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winle lower hart thows the resulting flow of electric current both 1 the etler'nal
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ad g spike Swmlardy, K rons are mdicated as moving outward dunng
the dechinmg phase of the secedmg spike This sheuld help to combat the
mpression so often feft by classical duagrams that the plus and mmus signs
represent  disembodied * electncal charges raithcr thaa mu‘ charged ions
which actually are ble for the p of both the
resting and active cell

Propagation 1 the classical diagram 1 usually sepresented by amows indy
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cating Jocal clectrieal currents passing inwud thraugh the excited regon and
outward through adpcent regions as in the lower part of Fig 62B This
cmstent outflow flrough adjacent tegions 15 said o be the shmulus which
serves to mctease membrane permeabihity, leading to exaitation there, and
50 on down the fiber On the bass of the information we now possess about
womie transfer i cxatation a2 ssmple and uscful concept would seem to be
as follows the stimulus wcreases permeatahity of the membrane; the excted
region becomes 2 swh mto which sodwum 10ns Rox, sodwm 1ons from
adpcent, monexeited regions flow toward the sodwm depleted region,
therehy partally depolanzmg the adjacent regtons partal depelanzabion
1eads to mereased permeabihty and actnation of the sodwm carner system
of the adjacent regions so sodim wflow begims there and these regions
become excited Thus evcitation 15 propagated Tf the stimulus 15 apphed at
the center of a long fiber, the exaitation wave proceeds toward both ends
followed by restorahion which also begms in the center and proceeds t@
ward the ends Tibers conduct equath well n cither dreectian
Propagation of excitation across protoplasrme discontiuttics 15 quie a
different process from conduction along 2 nene fiber or 2 muscle fber One
ety unp hff 15 that ¢ can take place m one diee
pion only Synapses and newromuscular junchions ate  oneway sabes’ 1B
the pathways over which excitation 15 propagated Propagation across such
junctional regrons s vsually calicd transmussion wstead of conduction It
Tas been most fully mestigated at neuromuscolar junctions and at the syn
apses i autonome gangha The nene impulse m a motoneuron 13 €00
ducted only to the neoron termunals If it 15 to lead to muscular contsrac
tion it must 1 some sway serve as a stimulus which arouses a new exatation
wave m the muscle cefl moenated by each of 1ts termumnals {One motor
nerve fiber may have vp to 2 hundred or more branches to a like number of
muscle cells Tach motonenron, together with the muscle cells it mnenates,
constitutes a motor unst )} Normally, every time a nene ympulse n one of
the termanal branches of a motoneuron reaches the neuromusentar yunction,
1t sexves as a more than adequate stmulys and evales exeitatian of the mus
e cell One muscle smpulse 15 aroused a5 the response to the arnval of the
nerve impalse at the neusomuscular junction The muscle impulse 15 2 self
propagated wave of excitation which 15 conducted from the motor end plate
{neuromusenlar jumction) thivughout the length of the muscle Bber
N and synaphic t means, then, the exatation of
postiunctional cells o response to the arrival of nerve impulses at the term:
nals of prejunctional axons The extitabion process i the postyunctional celt
15 the same 1nic electncal process desenbed eather and 1s all or none M
character That 1 the amplitude of the spike potential in the postjunctional
cell 15 independent of the amplitude of the spike m the prejunctional cell
Although 2 single smpulse arnving at one nenromuscular junchion 15 ust
ally more than adequate to exaite the muscle fiber, thas 15 not the case at cen
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tral synapses The usual requisite for evcrtation of a neuron mn the CNS is
the virtually stmultaneous arnval of a number of impulses at different ex
citatory end knobs synapsing with the neuron s soma and dendnites Another
requistte 15 that there must not be impulses arnving at too many nhibitory
end knobs at the same time, or else the exitatory effects would be nulhfied
Within the CNS, thercfore, whether or not a neuron 15 exaited 15 deter
muned by the algebrare sum of the effects of mmpulses arnving at exaitatory
and mhubitory terminals (end knobs) m synaptic contact with 1t Ths 1
what 1s imphed mn the term central summation

How does the prejunctional impulse stimulate the postjunctional cell to
generate its impulse? Search for the answer to this question has been inten
sive for many years It 15 now generally agreed that at the neuromuscular
junction (and at autonomic synapses) a ch 1 substance, acetylchol
(hereafter ACh} 15 required for transmission Most mvestigators subscrbe to
the I 1 theory of t at these junctions according to
which a bit of ACh 15 released at each prejunctional terminal upon the ar
mal there of the nerve mmpulse Almost mstantaneously the ACh 15 pre
sumed to dffuse across the exceedmgly narrow junctional gap and serve as a
chemical stimulus to the postjunctional cell This would mean that the ACh
serves to mcrease the permeability of the cell membrane allowing the mtal
nflow of sodum tons by which excitation 15 begun, as described earher
Nachmansohn (35) suggests that ACh increases the permeability of the
membrane by temporanly combining with a receptor substance whos~ mo
lecular configuration 1s thereby altered The ACh receptor substance combs
nation would be very short lived because of the presence of an abundance
of ACh destroying enzyme, acetylcholmesterase, n the junctional region
The combrnation molecules would break down and gie up ACh mole
cules as rapidly as the esterase destroyed them Thus membrane permeabil
1ty would agam be reduced and the membrane potential could be restored
toats resting level

it 15 g lly supposed that logous p account for synaptic
transmssion 1n the CNS There would have to be an mhibitory transmitter
as well as an excitatory one Very probably there 1s more than one excitatory
chemical substance and also more than one mlubitory substance Much
work remains to be done 1n this area

The Grabep Twircn anp THE Atz or Nowe Law

Few experumental preparations have been used more widely in student
laboratonies of physiology than the nerve muscle preparation The gastroc
nemuus muscle of the frog with its motor nerve 1s favored because of its
rugged dependability By simply recording the contractions with a muscle
leser wrting on 2 smoked drum one may demonstrate many of the classical
features of nerve muscle physiology It may readily be shown that a single
stmulus applied to the motor nenve results 1n a single, buef twitch By care
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fully varying the strength of stimulus 1t may be shown that within a certan
range of voltages the twitch height (the extent of contraction agamnst a given
load) vanes directly with the strength of simulus One may run the entie
gamut of stimulus strengths from those which are too weak to cause a visible
contraction (sub 1) to 1 or threshold (the weakest shimulus
causing 2 vistble response), then through a senes 1n which the contraction
increases with the shmulus (submaximal) As the expenmenter continues to
merease the strength of the stimulus, he eventually reaches a pomt beyond
which further increments fail to produce a corresponding merease 1n con
traction When the contraction reaches this plateau, 1t 15 said to be mavimal
and the weakest stimulus which produces a maximal contraction 15 a max
mal stimulus Stronger stimul are called supramavimal, indicating that they
are stronger than needed to evohe a mavimal response
We have noted that withn a gnen range (submauimal) of stunulus n
tensities, the strength of response of skeletal muscle vanes directly with
strength of stimulus but that 1n the supramauimal range there 15 no relation
between them Bowditch reported 1n 1871 that the nerve free apex of the
frog ventncle showed strength of stimulus to have a complete lack of any
mfluence on strength of contraction Bowditch’s onginal statement of the
all or none relation 13 translated as follows  An induction shock produces
a contraction or fatls to do so accordmg to 1ts strength af at does so at allat
produces the greatest contraction that can be produced by amy strength of
stimulus in the condition of the muscle at that time * It 1s clear that a shele
tal muscle obeys the Allor None Law 1f stinuh are supramasmal but does
not obey 1t 1f stimult are submavumal How can this paradox be reconciled?
The mtnguing history of the All.or None Law cannot be told here but 1t
hne nnmma tn ha camar. Anl A tm —— 1 3 unit \v)th
bers, 1t was
rength pro
duced responses increasing m stepwise fashion Increasing the strength of
stimulus did not increase the size of the twitch until 1t reached threshold
strength for an additional fiber Lach fiber, when 1t contracted, did so witha
force which was independent of the strength of stimulus
After the development of techmques for work with single muscle fibers, 1t
became clear that except under very special circumstances the contraction of
a single muscle cell was all-or none However, graded contractions 1n single
muscle cells are possible, provided the stimulus 1s so restncted to a small
enough area and a low enough intensity that a propagated excitation wave
15 not produced (11,12) The crucial expenments of Brown and Sichel
(2) demonstrated that the contrachle process tself operates in complete
dusregard of the Allor None Law By use of massive stimulating electrodes
the stimulating eurrent could be applied to alt Parts of an incdividual muscle
cell simul ly In this the muscle cell, freed from ats de
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pendence upon the normal propagated excitation wave, was found to pro
duce contractions whose strength vaned directly with the strength of the
stimulus Tt 15 now clear therefore that the contractile process ttself 1s not
independent of the size of the shmulus and does not abey the All-or None
Law although under normal circumstances 1t appears to do so because 1t 15
the consequence of an excrtation process which 15 all or none

It 15 not difficult to reconcile the All or None Law with the phenomenon
of the graded twitch when 1t 1s recogmized that, as the strength of stumulus
applied to 2 muscle or to 1ts motor nerve 15 increased, the threshold of an
ncreasing number of fibers 1s reached and each contrbutes its own inde
pendent quota to the total response as a tesult of its excitation The activa
tion of an mcreasing number of umits in this way 1s spoken of as recruitment

A skeletal muscle, as a general rule, contams many more muscle fibers
than there are efferent fibers 1n 1ts motor nerve Each motoneuron branches
and mnnervates many muscle fibers One motoneuron, together with the
muscle fibers 1t innervates, 1s a motor unit Clark (3) found 100-160 muscle
fibers 1 the average motor unit of mammakan limb muscles Early mvesti
gators (4) determined maximal twitch tension for an entire skeletal muscle,
dwided 1t by the number of efferent fibers m 1ts motor nerve, and ammved at
a figure for maximal twatch tension for an individual umt

Two sources of error are now recogmized m this procedure It was discor
ered 1n 1945 that roughly a third of the efferent fibers do not contnbute to
the contraction of the muscle through its tendon (26) These are the small
gamma fibers, which are found to mnervate the imtrafusal fibers of muscle
spindles and regulate the generation of afferent signals by the spindle re
ceptors This will be discussed more fully later Another source of error was
revealed by histological (10) and physiological (24) ewid that 1 many
cases 2 single extrafusal muscle fiber has several motor endings belonging to
different large fiber motoneurons Both these facts—(1) the number of mo
tor nerve fibers mnervating extrafusal muscle fibers 15 smaller than formerly
supposed, and (2) an extrafusal muscle fiber may be a part of several motor
umts—indicate that the motor unit contains more muscle cells than was
reahized 1 Shernmgton’s time and that the figures which he and his co
workers gave for the tension contnbuted by a smgle motor umt are too
small? As a result of the overlapping mnenation (comergence of several
motoneurons on the same muscle fibers), the maumal twitch tension for
the whole muscle would be less than the sum of tenstons of the twitches of
all the umits responding indwvidually C ly, a single motor umt would
be capable of more tension than one would caleulate by dvidmg maumal
tension of the entire muscle by the number of motor units m 1t

2Eecles and Shemngton (8) gase the following figures for maumal tetanus tensions
for motor umts m several cat muscles gastrocnemius medial head 301 grams soleus
99 grams extensor digitorum fongus & 6 grams and semutendimosus 5 5 grams
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Teraws

Repetitine stimuls lead to a senes of twatches if the repetition rate 15 low
and to partially or completely sustaned contractions as the frequency s
mereased Such contractions are catled porttal or complete tetans The ten
stons dereloped m these siuabions exceed those developed 1w single
twitches and most authors have used the values gven by the Shernngton
group (4) who stated that maximal tetame tensions might be up to about
four times maumal twitch tensions This phenomenon s referred to a5
wave summatton or the summation of contractions The frequency required
for complete tetanus dffers from one muscle to another bang mn the cat
about 30 per sce for the soleus 100 per see for the gastrocnemins and 3350
per sec for the mternal rectus These figures vary considerably with conds
tions altenng the speed at which the muscle shostens and relases and the
rate at which exaitabihts 15 recovered Tor example 1n fatigue all these actmt
ties are retarded and complete tetanus 1s possible at much lower frequentics

Tn physiologict conditions the mmpulses reaching a muscle through ats
many motanewrons are out of phase or asinchronous Since the muscle may
contam hundseds of motor units the pull on 1ts tendon 15 bikely to be sus
taned even thongh ndnidual muscle cells arc contrachng with twitches
or partial tetam It 15 probable that complete tetanus of 1 muscle fiber occurs
wmfrequently f at all m human muscles m view of the fact that the fic
quency of exaitation 1n the human biceps has been shown to fall within 2
range of 5 30 per scc 1 most ¢15¢s and to reach only so per see with M
mum voluntary effort (27)

The total tension exerted by a muscle on its tendon at any stant 18 the
sum of the tennons everied by the actnve muscle fibers at that instant (mults
fiber summation) Al factors which mncrease the hkelihood for many units
to be exertmg tension simultancously will contnbute toward an merease n
total tension For example an mncrease m frequency of exatahion even
when 1t 15 msuffient to lead to complete or partial tetanwzation of musce
fibers increases the chance for the random twitches of different umis to be
supenmposed an ncreasc 1 frequency sufficient to tetamze some of the
fibers provides shil greates assurance of multifiber summation

Tne CLECTROMYOGRAN AS A QUANTITATIVE MEASURE OF CONTRAGTION
The el (EMG 1 subseq fecences) 15 a tecard of the
electrical events assocrated with exatation In view of the evidence which
mdicates the separaluhty of the processes of exaitation from those of con
traction 1t must be concluded that wformation concemmg contraction
may be denved from the MG only by mference There 1s considerable ex
penmental basis however for assuming that when the muscular response is
a result of actvity of the CNS (refiex voluntary or by direct cortical stimu
Tation) the EMG amphtude parallels the ampltude of the mechanical
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response (13,25,28) In all these physiological situations the trming of 1m
pulses 0 the vanous motoneurons 1s random and the factors which deter
mune the chance for summation of the action potentials also determme
the chance for the summation of contractile responses (multifiber summa
tion) These factors are two (1) the number of umits excited (extent of
recruttment), and (2) the frequency of exatation of indnidual units

With experimental stimulation of the motor nerve the situation 15 differ
ent The muscle fibers of the vanious active umits contract m phase and the
only situation 1 which alterations m strength of shmulus and strength of
contraction tun parallel 1s one 1n which strength of stimulus 15 vaned 1n the
submaximal range and all other factors remamn constant In this circum
stance the number of motor umts activated vanes directly with shmulus
strength, therefore both the summed action potentral (of erther the nerve
or the muscle) and the summed contractron likewise vary durectly with the
ntensity of stmulus If a supramasimal stimulus of constant amplitude be
used, so that the number of umts excited remans constant the amphtude
of the EMG will remain essentially constant too, even though the mecham
cal response may vary considerably with different stmulus frequencies, dif
ferent loads, or different mtial lengths It must be assumed that mn these
conditions, 1t 15 the contractile process rather than exatation which vanes
and since the EMG 15 a duirect mdicator of excrtation rather than of con
traction, 1t farls in these spectfic nonphysiological situations to provide a re
liable measure of contraction (32)

In fatigue, the EMG may or may not dimmish in amplitude as the con
traction weakens At quite low strmulus freq the ) 1 1esp
may dimmish while the EMG remains constant whereas at lugher frequen
cies the EMG amplitude and contraction amplhitude decline together This
difference 15 based on the fact that with higher frequencres a reduction n
the number of contractmg muscle fibers occurs due to fatigue of the neuro
muscular junctron while with sufficzently low frequencies 1t 15 possible to
fatigne the contractile mechanism alone Failure of neuromuscular trans
mission will of course reduce the number of muscle fibers excited hence
reducing EMG amphtude and, since those which are not excited will not
contract, the mechanical response will also be less With a low stimulus fre
quency, transmission may be unaffected so the number of muscle fibers
exarted and the EMG remamn unchanged, although in time the contractile
process shows evidence of fatigue n a d hed ) 1 resp

32
¢ It;s)hould be emphasized that although the EMG 15 only an ndirect meas
ure of cantraction, and although 1t 1s possible to set up conditions in ,\Vhldl
the mechanical and electrical resp appear lated, 1 ph i

, EMG amplitude and the h 1 response are essentially

parallel
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REFLEX CONTROL OF THE SKCLLTAL MUSCLES

THE SIGNIFICANCE OF RerLex Acrion

Most, 1f not all, neural control of skelctal muscles 1s reflex m nature Or
dimanly we think of a reflex as the contraction of a muscle 1n response to
nerve impulses relayed from receptors to the muscle through a reflex are con
sisting of afferent and cfferent neurons, with interneurons of the CNS be
tween them in most cases This 1s somewhat misleading, however, for the
afferent signals may just as well result 1n the reduction or cessation of con
traction Such reflex inhubiton 1s not the result of impulses traversing the en
tire reflex arc but 1s due to a reduction of the exatability of motoneurons
by the influence of impulses reaching them at central synapses 1f inhibition
15 complete, the efferent hmb of the reflex arc sumply 1 not operating, yet we
speak of reflec intubition 1n such a case It s better, thercfore, to thmk of re
flex regulation of the musculature in terms of the increasc or decrease of ex
atability of motoneurons resulting from impulses reaching them from af
ferent neutons erther directly or through imtermcuronal relays

How about voluntary movement? Is this not also the result of the nflu
ence of impul pinging on after relay from afferent neu
rons through mnterneuronal crrcuits which 1n this case mclude cortical neu
rons? Certainly this wonld appear to be true It would mvolve greater delay,
1t would allow for modification of the response on the basis of information
from all kinds of receptors, smce the cortex recenves signals from all kinds, 1t
would permit modification of the response on the basis of information re
cerved from receptors as the result of past expenences, since the cortey can
store information Thus 1t would provide opportunity to act intelligently 1n
the light of both past and present expenence and wath action we would call
voluntary And jet, 15 1t not of the nature of reflex action? Agam 1t would
seem 50, and whether we actually call the integrated response a reflex or not
would appear ultimately to depend upon whether or not we can say the will
dirceted 1t If we can say st did then we shall call 1t a voluntary act If we
cannot say 1t was voluntary then we may call 1t a reflex, no matter how com
plex the circwts or how purposive the response In exther case the fundamen
tal mechanics of the processes are the same, which 1s what we meant m the
first sentence of this section when we said, Most, 1f not all neural cantrol
of skeletal muscle ss reflex in nature ™

In ths section we shall imit our attention to spinal reflexes, one of which
operates without the need of intemneurons and others of which mvolve m
temeurons within the spinal cord We shall see, however, that even those
reflexes whose basic arcs are testncted to only a few contiguous scgments of
the spmal cord are strongly nfl d by arcmts g supraspinal
mtemeunrons within the brain stem reticular formation This mfluence 15
s0 important that, although the so called spinal refleces can ultimately be
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obtamed 1n 1ts absence, they are radically wealened or abolished for a con
siderable time after its loss, as in the case of spinal transection

LOCAL SIGN AND ITS SIGNIFICANCE
CutaNEOUS RECEPTORS

Shermngton (37) stated m 1906 that  The locus of a stimulus plays an
mmportant part i determming the nature of the reflex mvolved The influ
ence of the location of the stimulus on the resulting reflex movement has
been one of the features most studied in refles action It furmishes a large
part of the purposnve character of spmal reflexes ” The scratch reflex may
be used as an example In the spinal dog, appropnate simulation of the
shin 1n the shoulder region ehaits thythmie seratching movements of the
hind leg whose direction and coordmation appear “designed’ to remose
the imtating stmulus It would seem that the rather large skin area from
which the reflex may be evoked corresponds with the skin area which can be
reached by the paw Thus the local sign 15 an mdication of intimate central
connections between the receptors of a specific region and the effectors
whose operation can control the ensironmental changes playing upon them

Large nerve trunks usually contam afferents from receptors of many sorts
whuch are scattered over such a large area that reflex movements evoled by
their stimulahion cannot seveal a clear cut local sign So many of the reflex
expenments carred out durning the first half of this century mvolved such
“whole nerve” stimulation that the relation between receptor location and
the pattem of muscular actnity evoked was largely obscured It 15 a tea
sonably safe prediction that shmulation of a large afferent nene trunk n a
hmb will lead to reflex flexson of the same hmb and may also eliert extension
of the contralateral hmb 1In fact, the student frequently 1s led to suppose
that - P " €1 -
wher
depe .
ciate, the crossed extensor reflex This, however, 1s defimtely nat the case

Occasional references in the hterature, includmg the early work of Sher
nngton and his collaborators, ndicate a more discrete orgamzation than
this and show that shmulation of certamn small afferent nerves may lead to
it 1 but it d for Hagbarth (16) to provide a much
needed clanfying analysis He demonstrated a direct funchional connection
between a muscle and the area of shin which covers it In bricf, he found
that pinching the skin of the hind limb of the cat evokes a reflex contraction
of the underlying muscle, whether 1t be a flexor or an extensor, with relaxa
tion of sts antagomst

Local sign 1n spmal reflexes illustrates a cardmal prineiple of neural organ
1zation The Jocation of the excited receptors plays an important part in the




66 ¢ N LOOFBOURROW

selection of the eff which will o te the refles act It follows
that location of receptors 1s an important factor in determiming which moto-
neurons will be exaited and/or inbited This principle has much more gen
eral application Textbooks of ph)sxolo‘gy ;‘md anatomy c?n'tam cmt‘xc‘al maps

-

mechamsms, therctore, we find evidence of Jocal sign, and although the
term 1tself 15 not often found mn current literature, the localization of func
tion which 1t represents 15 established beyond question at all levels of the
nervous system Were tlus not true, neurosurgery would often be worse than
useless

PROPRIOCEPTORS

The mmportance of the location of receptors m determining the distnbu
tion of their reflex effects has long been known n the casc of propnoceptors
For example, Lloyd (31) states that “one important feature of the stretch
tefle, no matter 1 what muscle 1t may be elicited, 15 1ts intensels restncted
field of action A stretch reflex response appears only jn a muscle subjected
to stretch, other muscles being unaffected or mhibited Indecd, traction on
one head of a muscle provokes a reflex only 1n that head of the muscle, the
others remainming quiescent * Recent evidence, which will be buefly dis
cussed 1n the next section, shows that the receptors which are actisated by
stretch of a muscle exert 2 much more widespread nfluence than the above
statement would lead one to expect The fact remains, howcver, that the
motoneurons of the stretched muscle are usually more potently affected than
any other matoneurons® because they Lie m the best position to recene 1m
pulses via afferent fibers from stretch receptors located in that muscle More-
over, 1t 15 the anatornical distnbution within the spimal cord of afferent fibers
from the parbicular muscle which 15 stretched that determunes the dwstabu
tion of reflexinfluence extending beyond the stretched muscle

THE CLASSICAL STRETCH REFLLX
AuToGENETIC FACILITATION

Shernngton and hus coworkers recognized early that support of the body
aganst the pull of gravity begins with stretch refles actvitv ongmating
within the antigravity muscles As soon as the legs begm to buckle, the ex
tensor muscles ate stretched, exaiting stretch receptors witlun them The re-
sulting 1mpulses are conducted to the spmal cord over afferent fibers which

*Thss 15 true for extensor (antigravity) muscles, but stretch of a flexor muscle leads

to an whibition of the antagomstic extensor which 15 more prominent than the reflex
contraction of the flexor
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make synaptic connection directly with motoneurons of the muscle contain
g the excted stretch receptors They excite or mcrease the excitability of
(facilitate) these neurons Swnce no mterneuron relay 1s required, this neural
connection between receptor and effector 1s referred to as a monosynaptic
reflex arc The stretch reflex 15 the only reflex known to be mediated through
amonosynaphic arc

RECIPROCAL INHIBITION OF ANTAGONISTS

In addition to autogenetic facilitation (re, facilitahon of motoneurons
of the muscle stretched), there 15 inhibition of the antagomst of the
stretched muscle On the bass of stmilar latencies, Lloyd (29) concluded
that this reciprocal mhibition was also mediated by monosynaptic arcs
This has recently been questioned by Eccles (6) who believes that the large
afferent fibers from the muscle spindles (stretch receptors) exert purely ex
Gitatory effects m spmal centers He presents evidence which indicates that
the mhibition of motoneurons of an antagonust of the stretched muscle 15
meduated by specific nhibitory intemeurons He believes that the pnmary
afferent fibers from the stretch receptor excite not only motoneurons of the
stretched muscle but also mtemeurons which terminate synaptically on
antagomstic motoneurons, where they exert an miubitory nfluence Eccles
assumes, m common with most physiologrsts today, that every neuron of the
nervous system may be classed as either an excitor or an inhibitor, depend
g upon whether its synaptic end knobs release an excitor substance or an
mhibitor substance upon the amval of a2 nerve mpulse Synaptic trans
mssion of both excitatory and mhibitory effects 1s thus concerved to depend
upon transfer of chemical substances across the synaptic space

The MuscLe ServoLe

The receptor organ responsible for the classical stretch reflex described
above 15 the muscle spindle It 15 an elongated, fusiform capsule containing
several striated mtrafusal muscle fibers (sr¢ in the cat s soleus muscle) The
structural features of an ntrafusal fiber are shown m Fig 63 For the present
we shall ignore the consequences of their contractility which 1s not required
1n order for the spindle to serve as a stretch receptor Our concem at present
1s with the ending of a large afferent nerve fiber* entwined around the
middle of an mtrafusal fiber, a regton which 15 nonstriated and noncon
tractile Because of its appearance, 1t has been called an annulospiral end
mg Tt 1s also known as a nuclear bag ending smce the Iymph filled capsule
surrounding 1t 15 designated the nuclear bag Other names for them are
Ay endings (34) and primary endings These are the endings responsible
for the classical “stretch reflex,” 1e, teflex contraction of the muscle
stretched and inhibition of ats antagonists

* These are among the largest of mammalian nene fibers with diameters up to bout
20 mucrons
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Between the nonstnated nuclear bag portion of the ntrafusal fiber and
the stnated polar regions hes a transittonal myvotube region Tlus may o
may not possess afferent imenation \When present, 1t 1s best called 2
myotube ending Matthews (34) referred to st as an A, ending Other
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synonyms are secondary ending and flower spray ending Its sigmficance 1s
largely unknown

The muscle spindles are excited when the muscle 15 stretched \When the
muscle shortens 1t should relieve the spmdle of tension, or “unload * 1t, since
1t hies parallel with the muscle fibers Matthews (34) demonstrated by re
cording action potentials from smgle spindles that the continuous repetitive
spindle discharge of a spindle 1n 2 slightly stretched muscle does mdeed
cease when the muscle contracts This pause, however, 15 transient By a
mechanism to be descibed later, the contractile polar regions of the mntra
fusal muscle fibers are caused to contract and they shorten sufficiently to
restore the tension on the nuclear bag regions, thus “resetting” the spindle
to reguster tension at the new, shorter muscle length

Tre Myoratic Untr

Lloyd (30) suggested the term myotatic umt for the group of muscles of
a gven jomt which are inked by myotatuc, or stretch reflexes Stretch leads
to facilitation of the synergists of the stretched muscle and inhibition of
therr antagonists It was then believed that the spindle afferents made mono
synaphic connechions with both matoneurons of their own muscle, which
they facthitated, and with the motoneurons of its antagomst, which they
mhibited Serous doubt has been cast on the monosynaptic nature of the
reciprocal connections of the spindle afferents (6) It has also been demon
strated that stretch of a muscle may cvole contraction of other muscles
acting at a different jomnt 1n the same imb (33) Moreover stretch which
excites the tendon organs of an extensor muscle may evoke, i addition to
the autogenetic inhubition and facilitation of the antagowstic flexor,
contralateral extensor contraction (Phillipson’s reflex} In view of the
complex, widespread reflex effects of muscle stretch (14), only a few of
whnch have been discussed here, 1t must be recognized that the myotatic
unt, as defined, 1s only an arbitrary fraction of the structures mfluenced by
the stretch of a muscle

Avroceneric Inmbrrion Anp TiE Gorct TENDON ORGANS

Stretch can lead to self inhibition, as well as to self-exaitation Since mh1
bition 15 the reduction or ehmmation of actwty 1t can only be observed on
a background of actwity Transection of the brain stem rostral to the vestib
ular nucler and just caudal to the red nucleus (decerebration) provides an
ammal whose muscles show such vigorous continuous actity that the
condition 15 called decerebrate nigirdity This provides an excellent prepa
ration for demonstrating mhibition

If foreible attempts are made to flex a imb jomt which 15 maumally ex
tended m decerebrate ngidity, powerful resistance 15 encountered In order
to flex the joint, the extensors must be stretched In addition to the strong,
continuous extensor contraction m the decerebrate ammal, the stretch
Teceptors are 1 a hypersensive condition, so they oppose stretch of the
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muscle 1n propostion to the force apphied If the foree 15 mamtamed, how
ever, the muscle will suddenly ‘et go' and lengthen 1¢, the remistance
suddenly collapses This 15 Shernngton s lengthening recction, which has
also been called the clasp krufe phenomenon

The Golg tendon organs are the receptors responsible for this auto
genetic mhibition of motoneurons If one taes to flex the ngidly extended
Jomt by applying a gentle force, then slowly mereasing 1t, the first effect will
be actually to merease the contractile tension of the muscle {stretch reflex)
Only when considerable force 15 applied will the tension increase sufficiently
to excite the hugh threshold Golgr tendon organs When sufficiently exated,
howeser, they are capable of so veducing the exaitabilits of of
the muscle that relaxation occurs despite the most wntense cxetatory @
fluences This 15 a protectne measure, reducing the chance of damage to
the muscle or its tendinous attachments from excessi ¢ tension

Unlike the spindles, the Golg: tendon organs 1re m serses with the muscle
fibers Passne stretch puts both spindles and tendon organs under tension
The sensitive spmdles respond to all degrees of tension, even slhight The
Tigher thieshold Golgr tendon organs respond when the tendon 15 placed
under moderately high or severe tension Actnve contraction, too, puts the
tendon under tenston and the tendon organs respond, whereas the spundles
are ‘nnloaded  so therr finng slows or stops The mhibition of an extensor

by discharges from the Golgi organs in ats tendon 1s accompanted by fach
tation of 1ts flexor antagomst

Tur Rensuaw Trepsack

For the most part motoneutons mav be regarded as the slaves of spmal
and supraspmnal mechamisms which dictate their actions There 15 2 Tt
beyond which they cannot be dnven, however, due to an interesting “gov
ernor h M discharge freq normally does not
even approach the theorctical hmit 1mposed by the refractonness following
one wmpulse before recovery of the exatability which permits another 1m
pulse The Renshaw feedback imposes a much lower frequencs himit than
does the refractory peniod (Eecles [7] may be consulted for a fuller treat
ment than can be given here, 1nd for references )

Small branches (recurrent collaterals) leave the avons of moteneurons
very near the cell bodies and termmate within the cord, rather than emerg
mg in the ventral roots with the axons proper They are thought to excite
short internenrons within the cord which fire at unusually high frequencies,
usually over 1000 per sec Renshaw first deserbed repetiive discharges m
these interneurons  the ventral horn 1 1946 and they are now known as
Renshaw cells On the basis of physiological evidence, Eccles mfers that
their short axens pass back wto the pool of motonewron somata whete
they branch and reach synapses in overlappmg and diffuse fashion on
motoneurons at the same segmental level Their action on motoneurons 15
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mhibitory, and smce there seems to be no specific inibition of one func
tional kind of motoneuron (as flexor or extensor), a coordmnating function
cannot be attributed to them Presumably they serve to lumit motoneuron
discharg q to ble levels and provide a buffer aganst con
vulsse actvity Much remams hvpothetical with respect to this system and
1t deserves much more 1m estigation

EFrEReNT REGULATION OF SPINDLE AcTIVITY
Tre Gasrva MoTor Systent

One of the most intnguing facts to emerge m neurophystology m recent
years 15 that many receptors, m addition to dispatching signals to the CNS
and so playmg a vital role 1n 1ts control of effector systems, have thewr own
actvity, or sensitivity, ly lated by efferent mmpulses from the
CNS In other words, the CNS does not merely distribute efferent impulses
m a pattern dictated by the pattern of afferent impulses 1t happens to re
cewve In a measure, 1t can dictate the afferent pattern 1t will recenve This
o-way 10n between P and CNS has been carefully
(though not yet fully) analyzed for the muscle spmdles Only a brief survey
may be presented here but the reader 1s referred to the excellent monograph
by Gramit (14) for more detail and references

The motor nerves to skeletal muscles mclude, 1n addition to the large
dlpha fibers to the regular muscle fibers responsible for the ch 15tic
contractions, smaller gamima fibers which mnenate the polar regions of the
mntrafusal muscle fibers of the spindles Lekskell (26), blocking conduction
selectively m alpha fibers by pressure, according to the method descnibed by
Gasser and Erlanger 1 1929, was able to show that excrtation of the gamma
efferents evoled a strong afferent discharge from the muscle spindles with
out producing muscle contraction P bly, the gamma ge leads
to contraction of the polar regions of the ntrafusal fibers This m tum
stretches the nuclear bag lying between the polar regions, leading to finng
of the stretch receptor, or nuclear bag ending The nuclear bag ending,
thetefore, can be caused to fire by passive stretch of the whole muscle,
which stretches the nuclear bag, or, 1n the absence of muscle stretch, can be
fired by the gamma system Clearly 1f the gamma efferents are suﬂimentli’
ack - B v 1 -a

T

con
trac et . o

penment from which Fig 6 4 15 tahen Spikes are recorded from a single
nuclear bag afferent fiber In Fig 644, the spindle discharge 15 shown to
respond to stretch of the muscle producing tensions of 2, 15 and 35 grams,
Tespectively, as recorded by a stran gauge Wath greater stretch, the fre
quency of discharge 1s mcreased In Fig 6.4D, the selective shmulation of
alpha motoneurons causes the muscle to contract, as shown by the myogram,
and dunng the contraction the “unloaded” spmdles have ceased to fire

/
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Even under mttial tension (or load) of 35 gm, the contraction 1s able to
unload the spmdle so that 1t fires only once The effect on the discharge of
the same spindle, of stimulating an wolated gamma efferent 1s shown m
Fig 64B (mmne sumult at 100/sec 1n first quarter of each record, as m
Fig 64D) Even though the spindle 15 already quite actine due to the 35

2gm 15gm 35qgm
A Gl A,
200msec _—

frr DAL UL
" L UL g

Fio 64 Effect of contraction on response to small nerve ¥ stimu
lation Recording from single A or spindle receptor from flexor digi
torum longus at untwal tensions of z, 15, and 35 gm Second beam
tndtcates stran gauge response A base hme discharge B stunulation
of wolated ¥ fiber (9 sttmult at 10 msec wtervals at begming of
iweep) Note Sh:xe effect on afferent dischorge increases as muscle

o
100G M

asm B and large @ fibers as in D At 2
2 gm tenston there 1s a pause
'C':L"ﬂ.’;e" :Iwc};farg!c Whéle at 1 {‘ and 35 gm, v stunulation becomep: m
ngly effective Potentials 0 2 mv Mav
oo eate, Fots v 1mal tetanus tension 140 G
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gm tension, 1ts frequency increases very perceptibly 1n response to gamma
stimulation In Fig 6 4C, effects of alpha and gamma stimulation (as m
Fig 64D and Fig 6 4B, respectively) are combmed It 15 apparent that
gamma discharge can compensate for the loss of tension on the spindle
due to muscle contraction As the external force which stretches the muscle
15 ncreased (2, 15, 35 gm ), the ability of the contraction to “unload’ the
spindle 15 decreased, enhancing the effectiveness of the gamma discharge
Thus we see the great importance of mtral length m the normally
nervated muscle The more a muscle shortens, the less effective 1s the gamma
discharge 1n augmenting the contraction through spindle discharge On
the other hand, the more the load opposes shortening, the greater the
effechiveness of the gamma system m facihtating 1ts motoneurons by exciting
spindles

It 15 helpful to think of the muscle spindles as ndicators of change m
muscle length A reduction of muscle length 1s indicated by a reduction of
spmdle discharge and an increase in muscle length by an mcreased dis
charge By virtue of the small fiber motor system (gamma efferents) the
length of the spindle 1s kept switably adjusted to the length of the muscle,
s0 that changes m the latter will promptly affect spindle discharge When
the muscle shortens, the gamma motonenrons excite the spindle fibers and
their contraction “takes up the slack” so that a shght stretch will exaite the
spmdles almost as well as if the same stretch had been apphed while the
muscle s length was greater

ProprIOCEPTIVE REFLEX REGULATION OF GAMMA MOTONEURONS

It 15 reasonable to suspect that the gamma system would be importantly
mflnenced by afferent impulses from propnioceptors in the muscles, tendons,
and perhaps the joints, for a controlling system requires a feedback of
mformation from the controlled system m order to control effectively One
such feedback to the gamma system has been descnbed by Hunt (23) Itis
an mhibition of gamma actvity by the Golg: tendon organs This makes
sense, for if the tendon organs are to be most effective 1n preventing de

P of d. tensions, they shonld be able to exert their mhiba
tory mfluence not only on the alpha motoneurons, but also on the gamma
system which, through the spindles, exert an exaitatory effect on the alpha
nenrons Granit (14) states that it 1s the only known propuioceptive reflex
on the gamma motoneurons

The relation between tendon organ discharge and gamma loop activity
m Shernngton’s lengthening reachon has been beautifully demonstrated as
shown 1n Fig 65 {9) The large spikes represent the afferent impulses
discharged by one Golg tendon organ and the small spikes represent affer
ent discharges from one spindle (ankle extensors i decerebrate cat) In
Fig 6 5B 15 the base line discharge of the spindle vith the ankle at full ex
tension so the extensor muscle 15 ‘slack  In Fig 65A, a shght mitial
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Even under imtial tension (or load) of 35 gm, the contraction 1s able to
unload the spindle so that 1t fires only once The cffect on the discharge of
the same spindle of shmulating an 1solated gamma efferent 15 shown m
Fig 64B (mmne stimuli at 100/scc 1 first quarter of each record, as m
Fig 64D) Even though the spindle 1s already quite actnve due to the 35

2gm 15gm 35gm
LU LS,
200msec [ —

> LU, S s

o i g
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la!f:;: 16{4 %ffECt of contraction on response to small nerve ¥ shmu
torom lo“"' ing from single A or spindle receptor from flexor digt
e & n,%us at mtial tensions of z, 15, and 35 gm Second beam
of solatsefi ’,‘:m Bauge response A base ine discharge B stimulation
cween) Now ﬁb’fr (9 stunuli at 10 msec wntervals at beginmng of
H enxxonuyg zdt ]‘g effect on dfferent discharge tncreases as muscle
of 1sed No muscle contraction results D symular stumulation
Of a portion of the ventral root contaiming no v fibers Cessation of

e durng co; C il 1, of v fiber
fl ‘t,;ae ;l;'c‘; large @ fibers as in D At 2 gm tension there 15 a pause
creasmgh effwgte while at 15 and 35 gm, v stimulation becomes i1
(Huntgaid Efzflf‘{cer,?:)zmmk oz my Maumal tetanus tension 140 G
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gm tension, ats frequency mcreases very percephibly i response to gamma
simulation Tn Fig 6.4C, effects of alpha and gamma stimutation (as in
Pig 64D and Fig 6 4B, respectively) are combined It 15 apparent that
gamma discharge can compensate for the loss of tension on the spindle
due to muscle contraction As the external force which stretches the muscle
1s increased (2, 15, 35 gm ), the abibty of the contsaction to “unload the
spindle 15 decreased, enhanang the effectiveness of the gamma discharge
Thus we see the great unportance of il length w the normally 1n
rienvated muscle ‘The more a muscle shortens the fess effective 15 the gamma
discharge i augmenting the contraction through spmdie discharge On
the other hand, the more the load opposes shortenmng, the greater the
effectiveness of the gamma system m facilitating 1ts motaneutons by exaiting
spmdles

1t 15 helpful to think of the muscle spindles a5 indicators of change m
muscle fength A reduction of muscle Jength 15 indicated by a reduction of
spmdle discharge and an mcrease m muscle length by an increased dis
charge By virtue of the small fiber motor system (gamma efferents) the
length of the spndie 1s Lept suitably adjusted to the length of the muscle,
50 that changes mn the latter will promptly affect spindle discharge When
the muscle shortens the gamma motoneurons exate the spindle fbers and
their contraction  takes up the slack’ so that a shght stretch will excrte the
spindles almost as well as if the same stretch had been apphed while the
muscle s length was greater

Propriocerrive REFLEX REGULATION oF GAnMA MOTONEURONS
1t 15 reasonable to suspect that the gamma system would be importantly
- ~ - " . | R— 1 & odnm

such feedback to the gamma system has been described by Huat {23) Itss
a0 miibiton of gamma achwity by the Golg tendon organs This makes
sense, for if the tendon organs are to be most effective m preventing de
velopment of dangerous tensions, they should be able to exert their nhib
tory nfluence not only on the alpha motoneurons, but also on the gamma
system which, thraugh the spindles, exert an exaitatory effect on the alpha
neurons Gramit (24) states that it 15 the only known propnoceptive reflex
on the gamma motoncurons

The relation between tendon organ discharge and gamma loop activity
10 Shertington’s lengthening reaction has been beautifully demonstrated as
shown Fig 65 {9) The large spihes Tepresent the afferent mpulses
discharged by one Golg tendon organ and the small spihes represent affer
ent discharges from one spindle (anlle extensors in decerebrate cat) In
Fig 6 3B 15 the base hne dischorge of the spadie with the ankle at ful] ox
tension so the extensor muscle 15 ‘slack” In Fig 654, a shght ymytial
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tension provides 2 background of spindie actwaty (small spihes) which 58
abolished m the first part of the record dunng 2 twitch evohed by stunt
lating ankle extensor motor nencs The large spihes fram the tendon
organ dunng this time make it appear probable that the tendon organs
inhibst the gamma system The probability becomes 2 vurtual certamty on
the basts of tecords an Tig 65C-J which are taken dunng progressively
wcreasing stretch of the ankle edensoss as the expenmenter slownly fleves

Fic 65 Infubstion of ¥ discharge by stretch Records from a spint
dle (small sprke} and a Golg: tendon organ (large spike} {n the afkle
extensors A responses during bustch {no myograph} B buse line
discharge with ankle fully extended C-~J responses during slow con
tinued fexson of the ankle K second base fine 1~O response duning
twist of pinma Decerebraie cat {Eldred Gramt, ond Merton 9}

the ankle Fixst, spndle discharge 15 wncreased by the stretch Then, as the
tension teaches the threshold of the tendon organs the one secorded hese
begsns to fise, slowly at first, then with ncreasing frequency In Fig 6 sC-H,
frequency of both spindle and tendan organ incseases Suddenly, m Fig
& 5], there 15 @ marked dechine i spindle frequency, just at the time the
expenmenter feels xestance to passwve ankle flevion melt 1n the typcal
fengthening reaction The welting 15 attrbuted to ths sudden reduchon
af alpha fac by spindle discharge The rel: of the
muscle reheves the tension on the tendon, which explans the reduced fre
quency of tendon organ discharge
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Curaneous ReFLex REquraTion oF e Ganma MotonEurons

With carefully graded shmulation, the gamma system has been shown to
tespond more readtly than the alpha system to touch of the skin Gramit and
hus co workers found that twisting the cat s pina 1s particularly exciing to
the gamma system, often exciting gamma motoneurons alone Sometimes 1t
leads to contraction (alpha system) dunng which no pause m spindle finng
accurs because the gamma activation of intrafusal fibers more than offsets
the unloading effect of muscle contraction

The effects of localized stimulation of the skin of a ltmb, analyzed as
shown above by Hagbarth (16), have been shown to be parallel for the
alpha and gamma motonenrons Pinching the skin over a lmb muscle,
erther flexor or extensor, exates both its alpha and gamma motor systems,
with the latter actually having a lower threshold and generally finng first
Thus 1t appears that the gamma system may serve to  pnme’ the alpha
system or serve as a sort of “ignition system ” for it Granit (14) states, In
every mstance hitherto analyzed the alpha and gamma reflexes have proved
to be linked, co evated and co mhibited, often with the gamma reflexes
leading All experimenters have been struck by this fact

SUPRASPINAL CONTROL OF THE ALPHA AND
GAMMA SYSTEMS

Considerable literature during the past few years deals with the ascendmg
and descending nfluence of the bram stem reticular system and 1ts ad
Juncts Tt 15 a massive system of neurons mn the brain stem which, through
descending reticulospinal pathways exerts facilitatory and anhibitory effects
on spinal centers Normally, the algebraic sum of these two oppesing
fluences 1 positive, 1€, 1t supphes a net facilitation to spimal centers, par
ticularly evident m the centers for the antigravity (chieflv extensor) muscles
The spinal anmal, with the upper cervical cord transected, for example,
Presents at first a flaccid, toneless picture of muscular collapse which resnlts
from the loss of the net facil y support of supraspmal T
chiefly reticular

The faciltatory and nhibitory porhons of the bramn stem reticular
formation are reasonably distinct anatomically and 1t 1s possible to msert
electrodes mto one or the other part and evoke either facilitation or mht
bition of muscular actnaty The major cause of ngidity in the decercbrate
Preparation 15 a tremendous decrease i the actvity of the inhibitory por
tion of the reticular apparatus This leaves the descending facilitatory tm
pulses to exert therr effects without the normal countereffects of the
lubttory apparatus The facilitation, unchecked, proves to be dramatically
potent, emphasizing the importance of mhibitton to the normal distnibution

of muscle tone
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The impressnne ngidity of the decercbrate preparation mdicates powerful
alpha motoneuron activity We have scen that alpha and gamma actwty at
spinal levels are paraflel Do the suptaspinal reticular centers, whose
fluence on alphs actsnity has become so apparent, exert 2 hhe influence on
the gamma system? An affirmatne answer 1s provided by expeaments (24)
with electneal stunulation m which 1t was particulatly easy 1o sbtam se
lective gamma exaitation from many places withan the brain stem reticular
system Abo, by clectneal shmulation w the wmhubitory portion of the s
ticular formation complete mbubition of both alpha and gamma dischasge
was ot d of antcnior cerebellum or the antenor hmbie
gyrug of the cerebral cortex caused sumar mhubitson ¥t should be realized
that such mbstation 15 Jargely due to the fact that the mhibitory retieular
apparatus can be activated by exetttion of these regons

The demonstration of potent tebenlar control of the gamma system
leads to the question of how mnportant the gamma loop may be m the
tegutation of muscle activaty Gramst and his co workers found 1n 2 decere
brate cat that evpersmentally bending the head downward evoled in the
solens muscle both a violent spandle discharge and a violent contraction®
After de afferentation, ehmnating spindle mfluence on alpha motoneurons,
the same procedure wesulted w vialent spindle discharge, as before {spmt
dles exated by gamrma motonewsons) but the muscle faded to contract
Gratut concludes from this and related experunents that ‘the gamma system
15 there not only to smprove the performance of the sense organ but also fo
serve as an sgmbon mechanism’ 10 imhiate motement as well as to mantam
tonus  However, 1 these preparations, ngudity 15 frequently present with
out spindle hyperactiwity and must thercfore rely on facthtation without sup-
port via the gamma loop Moreover, the cat decerebrated by classical
transection may be rebied upon to have a Ingh level of gamma, and there
fore spindle, actity which s not always accompamed by ngdity
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The Plysiologs of the Supraspanal Mechanisms

SUMMARY

W illed morvements are wtimately related to reflex movements They de
fpend on sensory h since the el tion of these i '
abolishes voluntary movements in spite of the mtegnty of the motor path
ways App ty 1ol 1 s nvolye both sensory and moter
gystems not only during thewr execution but also ot thew very start

Certan areas of the cerebral cortex the classical motor and the supple
mental motor area are responsive to electrical stimulation and disclose the
representation of mevements in the cerebral cortex However 1t 13 eastly con
cenable that complex movements require the actnation of several foet at
varying mtervals and wtenstties and that the rigid stinulation of one focus
ts @ paor substitute for the processes underlymg vohitional movements—
which are enormously svarnable

Meotor cortieal lessons affect boduly movemenis but recovery of movements
followmg restricted lesions mn the motor area gives evidence of extensne
overlap in the representation of movement w the mator cortex Restitution
of mavements following damage of the cortical arm area for nstance, scems
to be accomplished hrough arm neurons adjacent to the operatively elimt
nated area

The movements elicited by elecineal smulation of the motor cortex are
modifiable through sensory and particularly propriocepive influences such
as posture and are goal dwrected 1n the anake anmimal Tor example stimula
tion of an appropnate cortical site w an anesthetized cat caused amless
actryty of the mouth and tongue, winle m the waking arumat this stmula
tion ehcited not only hickeng movements but licking applied exther to 1is
own body er to the frands of the expertmenter

108
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Electromyographic studies of motor umts reveal that in the completely
relaxed muscle, action potentials are absent, but with very slight voluntary
effort action potentials appear With increased effort, rate of discharge of
the indnrdual motor unt ncreases, and a second, and then a third umt are
activated, dll discharging asynchronously Alternations m the frequency of
the discharging umts and recruttment of additional uruts with mcredsing ef
fort account for the smoothness in the gradation of muscular actrity Fa
tigue causes a reversal of this process the number of discharging umts and
their frequency of discharge are reduced

The increase i muscular strength under conditions of emotional excite
ment 15 due not only to the action of adrenomedullary secretions on the
striated muscles but dlso to the mtensification of discharges from the motor
cortex resulting from impulses which reach the motor cortex from the
Rypothalamus

There would appear to be numerous opportunities for makmg applica
tions of neurophysiological findimgs i the study of human movement

Tuding tha ted with therap exercise* It 1s Likely that closer
attention to possibilities of these kinds will gne nise to worthwlule res-arch
actvity

There are several types of observations upon which are based our knowl
edge concerning the cerebral mechamisms that underlic movements  clmical
studies dealing with voluntary and mvoluntary, mcluding convulsie, move
ments m patients, particulaly after the removal of important parts of the
cerebral cortex, and ammal studies nvolving the stmulation and ablation of
vanous parts of the bram and the mfluence of these procedures on spon
taneous and evoked movements The stimulahon techniques have been
greatly refined in recent years and applied to the human bran

THE PHYSIOLOGY OF VOLUNTARY MOVEMENTS

It was mentioned earher that a spinal preparation (bram and medulla
oblongata remoaved) when mamntained under artificial resprration responds
to appropmate stmnli with coordinated, predlclable reflex movements
Suntlar reflex studies can be petformed on amimals, 1n which, 1n addition to
the spmal cord and the medulla oblongata, vanous parts of the bran stem
have been left intact If the brain stem 1s sectioned rostral to the entrance of
the eighth nerve, decerebrate ngidity tesults The extremities are 1n a state
of extension m such a preparation, but as electromyographic studies show,

Sec E Gellhom Physiological Foundations of Neurology and Psychuatry \inneapohs
Unnersity of Minnesota Press 1953 p 11
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extensor and flexor muscles ate continually actne On the background of
thus ncreased “tone” of the muscles? vanous types of reflexes mcluding
posturad refleses may be ehated on appheation of appropuate stimul, but
spontaneous moserments are absent Stmdacly 1t 15 found that in the “tha
Yasmc ammal, that 15, after the removal of the cerebral hermspheres, spon
taneous mosements are absent but the distubution of the tone of the
muscles 15 normal A rabbat, for instance, sits m the typieal hocking position
and responds to suitable stimuh with appropnate reficxes, mcluding some of
the complex nghting reflexes If anmals, pastscularly dogs, are hept for
Tonger penods of tume after bilteral removal of the cerebral hermspheres,
* spontaneous’ movements appear They seem, howes er, to be refated to the
visceral state of the anwmal and appear to be accounted for by such factors
as hunger contrachrons of the stomach, a full bladder, and/or distention of
the rectum
These obsenations powmt to the cerebral cortex as the structure mvolved
m the geness of rahtional movements Although the mvestigation of the
nature of these moyvements 15 far beyond the scope of ths chapter (and even
beyond the tash of newrophyssological research), a few facts which are of
mportance for the occurrence of voluntaty o erents may be mentioned
Expenmental and clincal research shous that voluntary movements of an

extrermty are abohished in the expenmental animal, 2nd greatly reduced in
the humag, 1f its sensory mnervation s shohished by postenior root section

On stmulation of the motor cortey, the threshold is approvmately the
same an the normal and de afferented swdes, indieating that \ohtional move

ments may be abalished 1w spite of the mtegnty of the efferent system

App ly volitionat wmvalve both sensory and moter systems
not only dunng thew evceution but alse at ther very sttt Since such

paalyns’ does not sosult from cutaneous anesthesia, it seems to follon

that propnoceptive 1mpulses from muscles and joints play an essential role

m the finng of nenrons of the motor cortex when voluntary movements are

mbiated Since such wmpal § Y ding to some i
the motor cortex directly, 1¢ without the intervention of other cortical
areas, it 15 concen able that simple voluntary mos ements are watiated m the
precentral gyrus However, the expenence ganed from the study of the
aphasias and apravas suggests that the ‘plan” underlyng the execution ofa
group of purposwe Teeh ements Teqmies the mtegrity of Jarge sechions of Yhe
neocortex ovtside of the precentral gyrus Consequently, 1t 15 suggested that
any skilled movement ‘onginates” s cortical areas other than the motor
cortex, and that complex patterns of mmpulses are transmitted to the lattes,
where, under the fluence of prophoceptie impulses, simpte and comples
patterns of movements i an wimte vanety are wtiated The completed
tash 15 the result not only of the motor cortex and its efferent pyramsdal and

This tone 13 a reflet state since 1t diappears after ehmunation of the afferent impuhes
through sectionmng of thie postenor 1eots
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extrapyramidal projections, but also of pathways converging from many
subcortical and sprnal regions

AFFERENT AND EFFERENT PATHWAYS

¢
they account for only 2 percent of the pyramdal efferent fibers The bulk of
the pyramdal system ongmates m other cortical cells They are not con
fined to the motor cortex proper but compnse the panetal lobe as well The
major part of the pyramudal tracts crosses to the opposite side 1n the de
cussation of the pyramids, but 10 to 15 percent of the pyramudal fibers
femain uncrossed ‘The extrapyramidal system sends efferent fibers from
the cerebral cortex (including the motor cortex) to the pons (frontopontine
tract), the basal gangha, the hypothalamus, and the reticular formation n
the brain stem

The itimate nterrelation that exists between voluntary motor acts and
afferent mmpulses finds its 7 1n the fact that the motor
cortex 15 not a purely motor structure but a sensonmotor area, which 1e
cenes afferent 1mpulses This 15 based on anatomical
studies and physiological evidence Although the eustence and possible

f of the ding fibers of the pyramidal system 1s under dispute

(12), physiological expenments indicate that proproceptive impulses reach
the motor cortex even after the elimimation of the sensory postenor central
gyms (5) *

PHYSIOLOGY OF THE MOTOR CORTEX

Motor ArEA anp SUPPLEMENTARY MOTOR AREA

Since the classical mvestigations of Fntsch and Hitzig, the motor cortex
has been subjected to numerous imvestigations 1n vanous Speces, with the
ad of different types of electncal discharges In recent years the employ
ment of aseptically mserted electrodes made stimulation m the waking
ammal possible By using threshold stimuls, contractions of muscles were
ehated from the precentral gyrus which indicated that the foct for the
muscles mnervating toe and ankle were found on the medial side, whereas
the bulk of the muscles could be brought mto a state of contraction from
the lateral side of this gyrus On the latter the foa follow thus sequence m a
rostroventral diection  nee, hip, trunk, the arm with the sequence, shoul
der, elbow, wnist, hand fingers, then neck and face, and finally tongue and
the muscles of the laryne Fig 71 shows thus arrangement for the human

* See also Gay and Gellhom {6}



Yic 71 The topography of the human motor
cortex based on clectrical sternulation by Penfield
and Rasnussen (Fram WV Penfield and T Ras
mussen The Cerebral Cartex of Man New York
Macmullon 1950 I'ig 22 Reprinted by perrussion
of The Macmillan Company)

Tic 72 The luntts of the classical mator cordex
{precentral gyrus) and of the supplementary motor
cortex {medial wall of the brain and sulcus cmgull?

11z Macaca mulatte {(From G N Woolsey et o
Research Publ: A or R hoan
Nenous and Mental Disease, 1952 30 244 Re

prnted by permussion)
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cortex and mdicates m the ‘ motor homanculus  that the distal parts of the
hmbs (and partrcularly of the arm) are represented more widely m the
motar cortex than the provimal patts, and that movements of the hips are
elicited from a much lasger area than those of the forchead Since that the
Iarge muscles of the trunk are achvated from a verv small area, st follows
that the responsiteness of strsated muscles to stimulation of the motor cortex
ss unrelated to the mass of the muscles This finding 15 hkewse mndicated m
worh of Woolsey (18) on monkeys, which show at the same time that the
trunk muscles are not scparated from the face by the aom area but that
the mator pattern in the cortex  hangs
together much as does the actual mus
culature”

Recent studies by Penfield (24) on
the human cortex disclosed a supple
mentary motor drea Yocated withun the
longitndimal fissure just antenor to the
representation of the foot m the motor
cortex Stemulation of thus atea produces
complex combimations of movements

m which the contralateral hand 15 typ- Fic 73 The locahzation pat
weally rased before the face and the head  tern of motor ﬂ"i S"PPIB’”C;:’“'Y
and eyes tumed to the hand  Figs 72 ZO’ON' "“g;‘;"m’;' et’”ﬁ""m(se; fc';:
and 73 show this ares and the distnbu Publication  Assccwation for Re
tron of foc for the mankey The efferent  ¢ourch 1w Nervous and Mental Dis
fibers of the supplementary motor 31ed  ease 1952 30 245 Reprinted by
belong to the pyramsdal system They  permussion)
send ympulses to the contralateral and
ipsilateral muscles of the body, but the numencal superionty of the crossed
fibers 15 less d than m the pyramdal system m the
classical mator area (1)

CeNTrAL OvertAp anp MULTIPLE REPRESENTATION OF
Movestenys w s Crrrsrar, CORTEX

The mveshgahons descnbed above disclosed the gencral amatomucal
amangement of the cortical foar from which with threshold currents and
often with smgle shocks a contraction of the varous muscles of the body
may be obtamed, but they fail to gine an meight mto the contiibution of
the motor cortex to the performance of mtegrated mosements However,
if the motor cortex 1s shmulated sath repetitive stimult for a few seeonds,
movements result which yevea the full potentials of the motor cartex
Under these conditions sot smgle muscles but groups of muscles are con
tracted m a defimte order Simple coordinated mavements are therchy
produced There 15 a considerable overlap of the areas from which move
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ments actating the vanous jornts of the leg or of the arm are ehicited, and a
similar statement applies to the face and head area Even i the monkey the
cortical areas for movement of the hip, knee, ankle, and toes practically
comerde, as do the boundanes for movements of the shoulder, elbow, wrst,
and fingers
Surgical 1solation of small blocks of cortical tissue gives further evidence
that movements are represented severally rather than singly m the motor
cortex (13) Stimulation of cortical foct located 1n such 1solated blocks of
cortical tissue eherts multiple movements stmilar to those obtained on the
stmulation of the normal cortex This suggests that nesther a physical
spread of the current nor the physiological activation of neurons located
m adjacent parts of the cortex accounts for the sumultaneous or successive
activation of several muscles following stumulation of a cortical focus By
means of electromyographic records, it could be shown that the cortical
threshold of several functionally interrelated muscles 1s practically the same
(7) Consequently, even with threshold sttmul, a movement mvohing
sTveml muscles results rather than the isolated contraction of a single mus
cle
From these and stmilar observations 1t 15 concluded that the motor cor
tex does not consist of a mosaic of anatomical focr of individual muscles,
but 15 50 organized that the production of movements volving many
muscles results from the activation of each cortieal * focus* Swmilarly, it was
found that contractions of single muscles do not occur even m weal, 1€
stricted voluntary movements apposition of index and thumb nvolves a
contraction of the muscles of the hand and forearm, and the motement of
(()n;)ﬁnger 15 assoctated with a change i the tone of other digital muscles
1
The central overlap 1n the motor cortex of the foci of many muscles
seems therefore to be responsible for the more or less complex movements
resulting from stimulation of the motor cortex This phenomenon accounts
also for the fact that volitonal movements consist of patterns of con
tractions of muscles, but not of the contraction of a single muscle The
study of the spread of convulsive actiity over the motor cortex m Jack
sonian epilepsy reveals, hkewise the extensive ov erlap m the human cortex
(15) Tnally, this overlap has been venfied anatomicallv lesions 1n the
hand or thumb area of the motor cortex 1 monkeys cause degeneration not
only n the cervical thoracic segments of the spinal cord but also at the
Tumbar level (9)
Movements elicted by stimulation of a site n the precentral gyrus are
1zed by their coord d character If, for mstance, a flexton of
the nght forcarm 1s mduced by stmulation of a site of the left cortical arm
area, the spatial distnbution and temporal sequence of the activated muscles
15 simular to that seen when such a movement results from vohtion As
the stimulating electrode 1s moved from the lateral to the medial part of the




THE PHYSIOLOCY OF THE SUPRASPINAL MECHANISMS g

precentral gyrus, the following fund 1 types of of the
kmbs ate noted in the kightly anesthetized macaque

3 fleion of the elbow with extension of the wnst and prattaction of the
am

2 extension of the elbow, flevion of the wust and yefraction of the shoulder

2 fexion of the knee 2nd dorsflevion of the ankle

Led movements

ted by the fol
Jowing observahions whereas cosias » predominantly
contralateral moyements of the extremties the movements of the jaw and
vacal cords snvolve both sides, as n chewing and spesking Furthesmore,
the effect of cortical stimulation 15 not confined to the somatie nervous
system but mvolves the autonomue system as well The flevion of the left
amm as the resolt of corical stimulation 15 assocated with an increased
cireglation of the blood through the contracting muscles On the contrary
cottreal areas such as the gyrus cangud, which on shmulation reduce the
achwity of the skeleta) muscles, at the some hme reduce blood pressure
feart rate, and often also respiation

Covearison o Vourmiovar ano Cormicatry Invucen Movensents

Compated with the bility of vol movements the
Pauaity of the expenmentally evoked types of movements has frequently
been stressed It should not be forgotten however, that i general only a
small frachion of the motor costex was stimulated i physiological expen
ments The importance of the cortex dden in the depth of the svla has
been shown recently (3] M 1t s easily bie that complex
movements requre the activahion of severai focr at varjing mtenals and
tensities, and that the ngid stimulabon of one focus 1§ a poos substitute
for the processes undestying sohtional movements

In additon, 1t should be home m mind that changes m the frequency of
shmulation cause alterzhwns not only mn the tensity but akso n the
quahty of movements {stuft {rom a flevor to an extensor movement and
vice versa) In this tespect it 15 of interest to mention that several muscles
achvated from a certawn cortica) focus show their ophimal response at differ
ent frequenties, moreoves, the same muscle actvated from different corty
<al foct shows different frequency optuma (11) The fatfer observation has
been confirmed at the microscopic tevel by the study of umt potentials m
the muscle,* smee the same nmt may show different frequency optima when
activated from different cortical sites {10} These observations suggest that

1CEe rom @ few muscl
T el s el by o R R a
cells of the spinal cord (unit potentials)
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the systematic vanation of the frequency and site of stimulation may Iead to
a preat vanabihty of cortically induced movements It may be further as
sumed that the 7 process accompanyng solttional movements
mduce different rates of corhical discharge mn vanous parts of the motor cor
tex and thereby account for the multiphicity of these movements

T'mally, anesthesia linuts the responsiveness of the motor cortex Recent
expeniments with mplanted electrodes disclosed 1 the unanesthetized
ammal the following important facts concerning cortieally induced move
ments

1 They were “so natural and appeared so normal, that st was necessasy to
repeat the observations seseral times to be sure that they were evoked and
not spontaneous’ {2)

2 When 2 movement was evoked while the ammal was walking, a
summation between the evoked and the spontancous movement resulted

3 The cortically mduced movements, just as the volitional movements,
are goal directed As Delgado expressed 1t, responses to cortseal shmulabion
“are not bhind contractions of some muscles nor the blind performance of 4
movement, but the orderly use of groups of muscles, with the capacity of
functional adaptation if the expenmental conditions should change’

Ths finding may be tllustrated by two examples A site of the cortex was
stumulated which leads to the turning of the head m the honzontal plane
Then this movement was opposed by an obstacle (hand of the expenmen
ter or book) On repetition of the stimulus the animal raised ats head and
then turned 1t, thus avoiding the obstacle and carrying out the mosement,
“movements vaned, the action remamed constant” (2) The second ob
servatton concems the cortically induced licking Stimulation of an ap-
propuate site 1 the anesthetized cat cansed “ammless phasic actwaty” of
mouth and tongue, but in the waking anmmal this stimulus elicited not only
licking movements but hcking applied either to ats own body or to the
hands of the experimenter The close resemblance mn these observations
between cortically evoked and voluntary movements 1s evident

Tue ErrFect oF Lesions oF tHE Motor Correx

The importance of the motor cortex for volitional movements s apparent
from the effect of lesions of this area The paralysis followmng such lesions
depends m 1ts degree and duration on their size, the species, and the age of
the animal 1t increases n seventy with increasing phylogenetic deselop-
ment and 15 more marked 1n mature than in young animals Bilateral Te
moval of the motor cortex (including the area six located 1 front of the
precentral gyrus) an anthropoids virtually abolishes all voluntary move
ments Lestons restnicted to the area four do not lead to permanent paralysts
except 1n the distal parts of the mbs The recovery following more
restricted lestons i the motor area gives further evidence for the extensive
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overlap 1n the representation of movements 1 the motor cortex The
paralyss of the contralateral arm 1s greater aftec the cortical arm and leg area
are removed than after the elmination of the arm area alone Moreover,
even small esions lead to a weakness wm many movements msoling sevesal
jomtst

When, following the removal of the left cortical amm ares, the movements
of the night arm have been sestored after an adequate penod of time, the
cooling of the left motor area abohshes these movements temparanly The
Testitution of the movements seems to have been accomphshed thiough w
tact “arm™ neurons adjacent to the operatively ehmnated arca

It was emphasized earlrer that sohitional movements require sensoumotor
integrabon Ehmnation of 2 past or of the whole of the motor ares produces
some sensory, particulady tactile, disturbances which may account for
spastiaaty {4) These disturbances may result 1 a rise of the threshold of the
remasung mtact efferent nevions

Reduction in the number and changes 1n the excitability of the efferent
nensons seem to be the clnef factors accounting for the vanous degrees of
panalysis which follow lestons in the motor area To what extent the supple
mentary motor area, the so-called second motor area—Ilocated between the
lower end of the Rolandic fissure and the fissure of Sylvins {14)—and the
uncrossed efferent neurons angmating n the homologous area of the cortex
:n the opposste side, contubute to the restitution of movements 15 not well

nown

ELLCTROMYOGRAPHIC STUDIES

The insertion of electrodes 1 many muscles through the recording of the
electromyogram (EMG) pesmits better msight mto the quantitative aspects
of movements than does mere mspectson These methods have greatly con
tubuted to the und ding of the h derlying voluntary
movements and the action of the motor cortex, particularly under the m
Buence of afferent smpulses

In addition, the actwty of single motor umts was studied 1 man dunng
voluntary movements, and 1n ammals dunng stumulation of the motor cor
tex This wosk gaves valuable mf on the physialogical puncipl
underlying the gradation of movements

Vormerare Moveamnts
.

‘When the mauscles of the atm are completely relaved, action p are
absent, but wath very shght voluntary effort achion potentials appear Records
d through Jectrodes disclose that with mcreasing effort more
umits are called 1nta action, morecver, the frequency of the rate of discharge
of the mdwidual vt Thas freq may saty between §and 5o
per sec Fig 7.4 shows the behavior of three different umts dunng flevion

b
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of the ankle with mcreasmg degree At the weakest effort only one unit dis
charges As the effort mereases, the rate of discharge of this umt mcreases,
then another umt goes mto action while the fitst unit approaches its maxt
mal rate of discharge Stmlar changes are seen as the third unit 1s activated
The dischatges 1 varions umts are asynchronous Alterations 1n the fre
quency of the discharging umts and recrutment of additional umits with
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Fic 74 The behavior of three motor unsts m the m {tbiahs anticus of man
dunng voluntary ankle fleaon More units come nto action with ncreasing
tenston and attamnf frequency 12 to 15 discharges per sec (From H Seyffarth
see E Gellhorn Physiological d of Neurology and Psychiatry Mim
neapohs Unversity of Minnesota Press, 1953 Fig 4)

mereasing effort account for the smoothness in the gradation of muscular ac
tity Fatigue causes a reversal of these processes the number of discharg
mg units and their frequency of discharge are reduced

Mortor CorTeX

S'hm\ﬂatlon of a site of the motor cortex with currents of increasing voltage
or treq Tead to d or, under condtions of 1sometnc
recordings, to increased tension This 15 reflected 1n the EMG of the whole
muscle by the mncreased amplhitude of the potentials Microrecords show that
increasing excitation of the motor cortex changes the actvity of ndvidual
motor umts 1n the same manner as under the nfluence of voluntary effort
‘thc dividual neuron 1ts rate of discharge, additional neurons are

recrited ” and finally, the duration of the discharge mcreases Excitation of
the motor cortex through such stimuli 1s reflected also in the activity of the
pyrarmdal tracts of which the rate of discharge has been recorded with micro
electrodes Single mmpulses or groups of two or three ocenr 1n anesthesia
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‘They ate not accompanied by vble movements A single shock, although
increasing the discharge sate, does not ehat movements With repetitive
stumuh the frequency of the rate of discharge of an indmdual neuron 1w
creases, and new newrons are actnated At the same time, movements ap-
pear

The gradation of movements {reflex, voluntary and those resulting from
the shmulation of the motor cortex) muolves the same punaple mcrease

mn the frequency of the rate of discharge and of an
number of seurons with degrees of shmul! {Adnan Bronk
Law)

Prorriocernive INFLUENCES

Liectromyographic studses have disclosed a tnofold effect of propuocep
twe wlucnces on movements ehtited by the stimulation of the motor cor
tex {1} the movements are strongly enforced by proprioceptive smpulses
and {2} prop pta ¢ impulses & wathin certamn himuts the type of
moverent that 15 evoked by stimulabion of 3 cestain cortical focus

Electromyographic records show that the functional units called mto ac
tion by stunuli apphed to the motor cortex i a medial lateral progression
are (1) hamstuings tnceps flexor carpr muscles {2} the trceps flexor carpy
combwnation {tnceps complex) and (3) the biceps-cxtensor carp group
{bieeps-complex)

These cortically nduced patterns of mnenation are greatly altesed by
proprocephively induced reflexes Such reflexes may be evoled by changing
the length of 2 muscle or group of muscles through an alteration of the post
tions of a hmb (eg the elbow was placed at an acute or obtuse angle)
Gross observations and EMG records showed that the responss eness of mus
¢les toa cortical stunulus mereased wath nereased stretch

Thus the tneeps response to 2 gwven cortical stimulus 35 grester when the
angle of the elbow 15 at ¢43° than when it 1s at 120° or 260° whereas the
respanse of the biceps changes m the severse duection Simular findings were
made on gastrocnemuus tibals antieus, and on the carpal muscles when
the position of ankle and wnst respectively was changed The wmereased
response was mdicated by the increased amphiude of the EMG and the
shortcnmg of the summation hme* In addition a corheal strmulus which
was below the threshold when the muscle was slack (biceps at an acute
angle of the elbow) became effectne when the muscle was stretched
through an appropriate alteration of the position of a jot The effect of
propnaceptne remforcement 15 even greater when the muscle contractions
are recorded under sometrie conditions Thus fivakon of the knee at an
acute angle favors greatly the response m the quadnceps, while the actvity
of the hamstungs 15 augmented at 2 ficahon of this jomt at an obtuse

angle (Thg 75)
¥Ie the snterval between the begmamg of the stmulus and the anset of the EMG
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It 1 notable that under proper conditions the propnoceptne mpulses
dende which type of mnenation pattern appears if the cortex m the bt
phasic (biceps triceps) arca 1s stmulated With the elbow m flexion, achon
potentials appear n the tneeps duning stimulation and 1n the biceps only a5
2 weak after discharge with the elbow 1n extension, no activity 1s seen in the
triceps, whereas patentials in the biceps accur duning the simulatory penod
and also as an after discharge Thesc results are similar to observations on
unanesthetized animals 1n wluch stimulation of 2 certain focus i the motor
cottex evahed a flewon of the amm when the arm was extended, bat an ex
tenston when 1t was flexed before the appheation of the stimulus (17)
Apparentls impulses are sent to agonust and antagomist at the same time un
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Erc 75 The influence of fixation of the knee at
45° (@ b anda, b ) and ot 165° (¢ b) on the
response of the quadniceps (upper hne) and ham
strng (lower Iime) muscles to stunulation of the
motor cortex mn the monkey The electromyograms
show that the response of the stretched muscles 1s
greatly mereased (From £ Gellhorn Physiological

Foundations of Neurology and Psschutry Minne
apolis Unnersity of Minnesota Iress 195;) Fig 23}

der these conditrons, and the merease n the excitability of the neurons of
the muscle in the state of stretch and/or 1sometnic contraction, based on
propnoceptus e reflexes, determrnes the type of mosement 1 the unsestucted
Imb or the pattern of mnnen ation i the fivated extrenuty

The mterrelation of the muscles resulting from the action of proprioceptne
1mpulses 15 more complex than has been mmdicated thus fir Fivation of 2
stngle joint changes the degree of contraction 1n many muscles Those MUs
cles which show an d EMG resp to cortical stimuk: on fivd
tion of the elbow m flexion compnse the triceps complex, whereas the mus
cggs showing an mcreased response to cortical stimulation on fixation of the
el '1?:1; ;: ;vltcr}smn are saud to belong to the biceps complex
the elbow 1t
while the tnr
bow, the flexors of the wnst and fingers and most of the shoulder muscles
with the exception of the scromiadeltord muscle It 1s suggested that fix
tion of one or more jomnts at certain angles under 1sometue condstions
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may, through proprioceptive remforcement, greatly ncrease actmity 1n pre
viously paretic muscles

The simlanty ewsting between willed movements and those elicated by
stimulation of the motor cortex was pointed out repeatedly There are, how
ever, sigmificant differences The motor patterns obsened on sumnlation of
the motor cortex are fived within certain hmts whereas volitional move
ments may produce a lintless vanety of new patterns This difference may

Taste 71  Muscles Constituhing Biceps and Triceps Complexes

Baceps complex

Trceps complex

Biceps

Extensor carpi radalts

Extensor carpr ulnans

Extensor digitorum communis

Pronator teres

Abductor pollicss Iongus

Abductor pollicis

Supmator

Extensor digitorum propnus 11 and 111
Extensor digitorum proprus 111 and 1V
Brachioradialis

Brachulis

Acromiodeltoid

Triceps

Flevor carpr ulnans
Texor carpr radiahs
Palmans longus

Flexor digitorum sublimis
Flexor digitorum profundus
Dorsoepitrochleans
Pectoralis major
‘Trapezs

Latissimus dorss
Infraspmatus
Supraspimatus
Spinodeltord

Teres major

be illustrated by a single expensment It was emphasized that the contraction
of the biceps muscle 1s associated with that of the extensor carp, whereas the
contraction of the trceps 1s associated with that of the fexor carps on shimu
lation of the motor cortex
In voluntary movements the association of muscles i groups 1s more vana

ble and salely determined by the intended movement Thus voluntary flex
10n of the wnst agamnst a resistance 15 aided by the biceps i1 supination but
by the tnceps 1n pronation The effect of vanous movements of the wrist on
the innervation of the biceps and trceps in shown below

Assocuated
Movement Agomist Muscle
Flexion m pronstion Flexor carpt Triceps
Flexion i supination Flexor carp1 Biceps
Extension m pronation  Extensorcarpr  Biceps
Extension m supmation  Extensor carpt Triceps

EMOTIONS AND THE MOTOR CORTEX

Tt 15 well known that emotional excitement greatly increases muscular per
formance and delays fatigue This Jatter phenomenon 1s usually explaned by
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the liberation of neurohumors from the adrenal medulla and therr action on
the stuated muscle (Cannon) Since the emotions cause an exaitation of the
hypothalamus, the influence of hypothalamic stimulation on the movements
elicited by stimulation of the motor cortex 1s of interest Such studies showed
that hypothalamic stimulation, which by itself does not ehcit a moyvement,
increases the intensity of a cortically mduced movement Moreover, the
movement becomes more complex, myolves, under the combined nfluence
of cortical and hypothalamrc simulation, many muscles which were not ac
tinated by the cortical stimulation 2lone and may even spread to other ex
tremities This stuhing effect 15 due to summation processes which take
placeat twosites (1) 1 the spinal cord as the result of the interaction of the
subthreshold extrapyramudal discharges from the hypothal and of the
cfferent discharges from the motor cortex, and (2) 1n the motor cortex 1tself
due to the mtenstfication of pyramidal discharges as the result of hypotha
lamic cortical discharges {8) Since these hypothalamic cortical discharges
consist of fic sensory mmpulses which infl; the cerebral cortex m
general, 1t may be said that the mcreased muscle power in emotion 1s just
another example Mlustrating the profound nfluence of sensory impulses on
cortically induced movements
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Exercise and Metabolism

SUMMARY

Physical agtivity requires energy for its performance and this energy 1s
denwed from oxidation of food stuffs Food is stored n the body n the form
of fat and carbohydrate But smce there 1s no reserve of oxygen, only a small
quantsty of 1t 15 1 transit to the tissues in the lungs and blood stream There
fore if one wishes to study energy expendiure (1e, energy metabolism)
the megsurement of the oxygen consumption 15 ¢ comvenient way of doing
30 1t has been found that the mnute by minute energy expenditure 15 ac
curately reflected in the oxygen intake until lugh levels of work are reached
when the muscle calls on metabolic mechamsms which release energy tem
boranly without & concurrent utihization of oxygen Thas results m an excess
oxygen consumption durmg recovery which 1s called an oxygen debt The
energy requirement of high level work loads 1s properly calculated as the sum
of the oxygen consumption during work plus that after work Smce 1t 15 clear
that certain organs (such as the bram) require oxygen durmng rest and con
tinue to do so durmg work, 1t 1s assumed (without much redl proof) that
the basal bolic oxygen pt. during work So the total
oxygen used during work and recovery has subtracted from 1t, the oxygen
that would have been used 1f the metabolic rate continued without change
The result, expressed either as a total amount (liters of oxygen) for a gven
task, te, runmng 440 yards or as @ rate (liters of oxygen per mimute), 15
the oxygen requirement of the task i question

Work tasks may be classified by the energy requirement and this is best
done as multspher of the basal oxygen consumption Most industrial tasks
Tequire oxygen at a rate of three tumes the basal oxygen intake Work tasks
Tequiring eight times the basal O, consumption are considered heavy work
but can be mantmned for long peniods by young men who are only it aver
age physical condstion These tasks are generally referred to as zerabic or sub
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maximal work In the acrobie worl situation the heart and lungs can supply
oxygon at arate that ] ecps up with the requirements Work tasks that require
10 10 15 or more bimes the basal oxygen consumption are choracterszed by
an mability of the cardiovascular pulmonary system to supply O at the re
qurred 1ate and the difference must be mode up by the oxygen debt Such
tasks can be mamtained for relatwely short penads of time usually less than
five to seven munutes and are referred to as apacrobic or maximal work

Factors affecting the oxygen consumption ftave been worked out i the
greatest detail for tasks of progression 1¢ walbing runmng starclimbing
bieycle nding, swmmng cte A great deal of rescarch has been done on
industral tasks and those of everyday Iife But the student of modern ath
letics will find that with the exception of track most sports requinng @ gl
Tevel of energy expenditure such ds football temms basketball wrestlng and
boxing have not been studied m detail because no one has developed
apparatus which wilt altow a player to tabe port m such sports and still col
lect the expired air necessary for such

In wallang speed and body weight are tmportant vanobles affecting
the oxygen mtake while such things as dge race sex and environmentdl
temperature have no effect whatever Traiming has ittle effect on the oxygen
consumptron of walling because everyone walks and has developed o high
degree of stall On the otlter hand wn runnng 1t 15 easy to show that repelt
tion by people wito have done ittle or no running 1 the past reduces the
oxvgen requwement This means that they can run at a gnen pace with less
energy expenditure or can run ¢ gnen distance at a hugher speed All this
provides a physiological explanation for the obseriation thet practice by the
performer and attention to form by the coach will improve performance

Statl can be studied by determmming what 15 called the mechanical eff
aency of work The mechaniedl efficiency of work 13 simply the percentage
of energy a man expends m performing a specific task that can be converted
to useful wark Thus can be expressed 1 the follown, 2 way

efficiency (in percent) = calonie equivalent of extemal work
calonies used m domg the work
When this 15 done 1 15 found that work can be done most efficrently at @
speed of muscular contraction which 15 substantially less than maxmal
Tasks demanding a hugh speed of muscular contractton are wasteful of en
ergy Thas fact can be demonstrated on both the intact indnidual and m the
ssolated musele
An nteresting obsenvation 1s that 1f ¢ musele 15 contracted and then forct
bly stretched energy 1s absorbed by the muscle and work of this kind can be
carrted on for long perods wath low energy expendstures and Little accumu
Tated fafigue
In maxsmal work the oxygen consumption becomes stable and no longer
wmereases with an increasmg work rate It 1 clear that this happens because
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the cardiovascular respiatory system can no longer mcrease the delwery of
ovgen to the working muscles Addihional energy necessary to carry the
cost of work loads aboyve that at which the O, mtake becomes maximal 15
demved from the ability to metabolize carbohydrate to release energy to the
muscle and then build up an oxygen debt This makes it possible to prove
that the maximal oxygen consumption has been attaned and lays the
groundwork for an oby test of cardi lar pul y fitness which
15 not dependent on exther skill or motwation It is easy to show that per
formers such as long-distance runners who are to perform tasks of hugh energy
expendsture over a prolonged period must have large mzamal ovygen m

takes Contrartwise, the sprinter will benefit from the capacity to accumu

late a large oxygen debt Oxygen debts are difficult to study because much
equipment and time 15 required The validity of estimating the oxygen debt

from determnat of the of lactate (an end product of
the metabohc process which supplies the muscle with encrgy i the absence
of oxygen) 1s discussed

There 15 currently some debate about the value of the warmup  before
athletic contests It 15 easy to demonstrate that 10 mmutes of grade walking
before the maimal oy gen test will increase the capacity to move axygen
to the muscles by 5 percent thus mcreasing the endurance of the athlete

A problem of considerable theoretical miterest 15 what factors force the
cardiovascular pulmonary system to stop wncreasing the amount of oxygen
delwered to the muscles This 1s discussed but not completely resolved

It can be shown that obtammng energy from the oxygen debt mechamsm
18 an inefficient process which mcreases the cost of the work Studies of the
0% gen cost of running to exhaustion at a steady pace over specified distance
or starting fast and ending at a slower rate indicate that both are wasteful of
the runner’s energy and that a gwven distance will be covered in a shorter
time if the runner starts slowly and ends the race with o sprint The latter
plan has been considered good tactics for races of a mule or longer by the
coaching professtons but there has been disagreement regarding the 880
and 440 It 15 clear that there are a large number of practical problems m
the management of athletes that could be sohved by careful study of energy
requirements

In the last analysis all cellular actvity and particularly muscular actity 15
supported by energy denved from the oudation of food stuffs Howeser
the energy used by the contracting muscle appears to be drawn from hugh
energy phosphate bonds built up by a complex cham of chemical reaction
which onginated with actual oudation Energy can be stored m the muscle
both i the lngh energy phosphate bonds and 1n the form of glycogen Both
these sources can be called 1n to supply energy for muscular contraction m
the absence of any active ouidation It this situation the muscle acquires
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the words of A 'V Hull, “an oxygen debt’ which 1s pard off by excess oxygen
consumption at some later time The quantity of energy which may be used
for physical work without ouidation to rebuild the energy stores of the mus
cle 15 strctly imited so that the great majonty of physical work done by man
15 carned on at rates which allow the oadative mechamsms to heep pacc
with the energy requirement

Since all physical activity 1s eventually pad for by the utilization of oxygen
1n the oudation of food stuffs, the relationship between oxygen consumption
and physical actvity 1s of first importance in the understanding of physical
activity It 15 the purposc of this chapter to examune the relationship between
oxygen intake in man and the rate and type of work on the one hand and
factors which mfluence the type of muscle metabolism (1€, aerobic versus
anaerobic metabolism) on the other

METHODS

The time honored procedure of using a Douglas Bag or a balanced spirom
eter to collect expired air, combined with analysis of the collected air by some
modification of the method developed by Haldane, 15 still the most fre
quently employed procedure for studying oxygen consumption Closed it
cuit systems have been and still are employed 1n special sitvations, the most
recent application bemng the study of the dynammcs of oxygen debt Apphea
tion of modern physical principles to the problem of gas analysis has resulted
n commercially available devices which can provide analytic values for the
concentration of oxygen and carbon droxide (58) A separate system 1 1€
quired for the analysts of each component Use of equipment of this kind,
although expensive, has enormously increased the number of observations
that can be made 1n one day

In addition to this advantage the investigation of the metabolic cost of
work has recently been presented with two devices which measure accurately
the respiratory volume and take 3 0 3 to 0§ percent sample of the expired
air and segregate 1t for analysis 1n a small sample bag (55) Lqupment of
this kind has made 1t possible to leave the confined area of the phystological
laboratory and to make observations m daily tasks m the home, the factory,
and the playing field which were not possible before The use of these instru
ments has greatly mncreased the number of situations m which the energy
cost has been nvestigated (67) All the vanations of this kind of apparatus
cannot be used m situations that demand very high rates of pulmonary ven
tilation At rates of 40-50 hiters/mnute the instruments begin to show faulty
ventifation values This lmits their application to sports tequinmg high
energy expendture

On the other hand these instruments have made 1t possible to accumu
late a great deal of information on the energy costs of tasks carnied out m
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weight 1 Northern Europe and North America will not be very far xe
moved from the time honored figure of 70 hlograms which physilogists
have an unfortunate habit of refernng to as an average man Uncorrected
figures such as those used by Chnstensen and accepted by Passmore and
Durmin {67) can be grossly misleading m mndiidual cases and wn malung
compansons between such diverse ethmie groups as Swedes and Japanese

Other methods of classifying work tasks can be used Many physiologssts
as a prachical matter regard a task which exhausts a man n thiee to seven
miputes 25 belongmng automatically m the mawmal work category It has
been y m the Lab y of Physwological Hygiene to refer to those
tasks which produce exhaustion 1 well motnated mdwviduals m four to
eight minutes as maximal or anaerobic work

TACTORS AFFECTING THE OXYGEN INTAKE
PART ONL SUBMAXIMAL OR AEROBIC WORK

1 Tuz Course or Oxicen Consumrrion Durne Work

When a man undertales a steady rate of work which can be matamed
for a Jong penad, hus oxygen consumption fallows a well lnown course It 15
charactenzed by a penod of g onygen ption which con
tinues for approwmately thice to five nunutes and 15 followed by a constant
rate of oxygen cansumption This latter phase 15 referred to as a steady state
with regard to oxygen consumption After work has stopped, the rate of
oxygen uptake falls mpidly sthmic function of ime Oxygen satake
continues at a rate which ? of that found under basal condition
before work for a penod o 1s related to the mtensity of wor
The total of the oxygen co excess of basal requirements af
work s referred to as the € size of the ovygen debt
submaximal work 15 directly lag 1 the axygen mtake a
b}c\:gmmn of work mn reachu when the oxygen intale
there
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weal hfe situations It 15 elear that apparatus which can assess accurately the
tigh enetgy expenditures of nyany sports would be extremely wseful

CLASSIFICATION OF WORK TASKS

A work tash can be classified by s energy req For the great
majonty of wotk tasks winch can be mantamed for penads of 2o mnutes
or more, the oxygen ntake per munute 15 less than the oxygen requirement
Hosever, as the oxygen requirement mncreases, 3 pomt s reached at which
the cardiovascular resprratory system no longer can increase the amount of
oxygen delinered to the muscles In maumal work tashs of this hnd the
requiternent s always greater than the mtake, the balance being made up
by the encrgy supphed by the anacrobic glycolyss of ghcogen to Tachic sad
which can be measured as oxygen debt

Several classifications of work tasks bv energy levels have been made
Dill (26) proposed that moderate worh be defined a5 tasks that required
ovyzen at a rate that was up to three tunes that obsened under basal con
ditton Hard work was clasuified as ratios {(work metabolic rate/basal meta
bolic rate} of from three to eght These two classifications encompass the
great majonty of industnal jobs Dill secognized an mtermediate zone that
easted above tus classification of hard worl and then classed as maxuma)
work those tasks elicsting a I perf of the card 1
respiatory system In the untramed man this may mean a WMR /BMR
of 10 and in the trawned individnal 3 satio of 20 It 15 1n the area sn which
eneTgy Teq: are above a bolie ratio of eight that a lasge frac
ton of sports activsties he while with very few excephions, mdustnal occupa
twns are placed below 2 ratic of eight Indeed, 1n modern Amenca most
mdustal jobs hase metabolic satios of three or less

Christensen (20) has classified industral tasks by the energy required per
winute sn the following way

2 unduly heavy energy expenditure over 12 5 <al /mun
251 Oymn
B very h cnergy expenditure over 30 cal /min
ey & P 21 Qy/oun
¢ heavy encrgy expenditure mer 7 5 cal /oun
151 O/mmn
d wodenate energy expendituse over 5 cal /mun
10} Os/min
e light energy expendsture orer 2 5 cal /mm
N E P o5t Oy/mm
There 15 no objection ta such a fine breakdown but Dills method has
the great ad en of work smdepend

ge ¢ ergy Q!
ently of body size It 1 true that if one studies groups of worhers, the mean
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waght :n Northemn Europe and North Amernica will not be very far 1¢
moved from the time honoted figure of 70 hlograms wluch physiologists
have an unfortunate habit of refernng to as an average man_Uncorrected
figures such as those used by Chnstensen and accepted by Passmore and
Durnin (67) can be grossly misleading 1n ndivsdual cases and 1 making
comparisons between such dierse ethmc groups as Swedes and Japanese

Other methods of classifying work tasks can be used Many physiologists
as a practical matter regard a tash which exhausts 4 man 1n thce to seven
manutes as belonging automaticallv 1 the maximal work category. It has
becn customary n the Laboratory of Physiological Hygiene to refer to those
tashs which produce exhaustion m well motnated ndividuals 1n four to
eight minutes as mavimal or anaerobic work

FACTORS AFFECTING THL OXYGEN INTAKE
PART ONE SUBMAXIMAL OR AEROBIC WORK

1 Tue Course oF OxxcEN Consumerion Durine WoRk

When 2 man undertakes a steady rate of work which can be mamtamed
for a long penod, us oaygen consumption follows a well hnown course Jtss
charactenzed by a penod of g oxjgen ption which cos
tinues for appromimately thice to five minutes and 1s followed by a constant
rate of oxygen consumption This latter phase 1s referred to as a steady state
with regard to oxygen consumption After work has stopped, the rate of
oxsgen uptake falls rapidly as a loganthmic funchion of ime Oxygen intake
continues at a rate which 1s in excess of that found under basal conditions
before work for a penod of hme which 15 related to the mtensity of work

The total of the oxjgen consumption 1 excess of basal requirements after
Al -

> o- B .
the requirement

2 Booy WeicHT AND SPEED v Tasks oF LocomoTion

Factors which affect the oxygen mtake dunng aerobic work will, of course,
rary with the kind of task which 15 to be undertaken In any task which m
volves transporting the body from one place to another, body weight will
be an important factor, the speed at which this 15 done wall occupy an 1m
portant place in a list of factors, and finally, the shill with which the task
15 performed will be consequential particularly in those tasks which require
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possible since 1t developed that the relationship 15 curvilinear rather than
hnear

As 1n the case of walking on the level, the body weight tums ont to be
the most xmportant vanable 1 walling on a specific grade Enckson, et al
(31) studied 47 young men walking on a 10 percent grade at 3 5 miles per
haur Observations on all these men were made on several occasions The
results were presented in Table 8 1

The fignres w columns 1 and 2 of Table 8 1 represent the several sources
of vaniabihty which are readily obtaned from a test retest set of data These
figures are the standard deviations which were caleulated as the square oot
of the vanance (16) The vanabihty attubuted to mdwiduals 15 the largest
ttem when the gross oxygen consumption 1 examned When the oxygen

Tasre 81 Inter and Intra Individual Vanabihitv

of the Oxygen Consumption of 47 Subjects During

Walking on the Treadmull at 3 5 Miles per Hour on
a 10 Percent Grade {O. Cons )

Cec Kg of
Gross Body Wt
Mean ml /mun 18392 2597
Percent of the mean
Individual S D 937 399
Tral S D 268 2350
Emor SD 217 211

consumption 15 expressed as c¢ per Mlogram of body weight, the vanability
attnibuted to indivaduals 15 reduced to a figure which 15 only a httle larger
than that accounted for by the vanability between trals and the residual
vanabihity not accounted for by the other two atems This means that one
can predict the oxygen consumption at a given speed and grade from body
waght with almost 25 much accuracy as one can measure 1t The work of
Enchson, ¢t ol , Mahadeva, et al and consideration of the data presented
m Fig, 8 1 lead to the conclusion that the skill (mechamcal effictency) of
walkimg on either the level or on a grade on the motor dnven treadnull 15
remarkably constant from one mdvidual to another

The observation regarding the skill component of walking illustrated m
the preceding section 13 the exception rather than the rule The usual ex
penence 1s to find rather Jarge differences m indices of skl wiich can be
formulated 1 terms of oxygen consumption A good example 15 the work
of DY), Talbott, and Edwards {28) who 1eposted 2 number of obsesvations
on 12 men who ran on the motor dnsen treadmill at g 3 Malometers per hour
on 2 zeso grade for 2o munutes The oxygen consumption vaned from 18
0 27 hiters of oxygen a minute The mean oxygen consumphon per kilo-
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and race had no appreciable relationship to the metabolic cost of work The
relationship between energy expenditure and body weight could be de-
senibed by the equation

C=0047\WV +102

where W = werght i halos and C = Llo calorics,
A systemie study of speed and weight walking on the levcl has not been
carmied out Howcver, Passmore and Durnim (67) have combined these
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possible smce 1t developed that the relationship 15 curvilinear rather than
lnear,

As m the case of walling on the level, the body weight tums out to be
the most unportant vanable m walking on a speaific grade Enchson, et ol
(31] studied 47 young men wallung on a 10 percent grade at 3 5 mules per
hour Observations on all these men were made on several occasions The
results v ere presented in Table 8 1

The figuzes 1 columns 1 and 2 of Table § 1 represent the seseral sources
of varability which are readily obtained from a test retest set of data These
figures ate the standard deviations which were calculated as the square root
of the vanance (16) The vanabiity attibuted to mdviduals 15 the largest
item when the gross oxygen consumption 1s examined When the ogygen

Tasie 81 Inter and Intta Indidual Vanabihity

of the Oxygen Consumption of 47 Subjects During

Wallung on the Treadmill at 3 5 Mues per Hour on
a 10 Percent Grade (O, Cons')

Ce Kg of
Gross Body Wt

Mean m} /min 18392 2597
Percent of the mean
Indiwidual § D 937 399
Tral §D 268 250
Error sD 217 21

consumption 15 expressed as cc per Lilogram of body wesght, the vanability
attributed to 1ndividuals 15 reduced to a figure which 15 only a little larger
than that accounted for by the vanability between tnals and the residual
vanability not accounted for by the other two atems This means that one
can predict the oxygen consumption at a guen speed and grade from body
weight with almost as much accuracy as one can measure it. The work of
Enclson, ¢t of , Mahadess, et dl., and deration of the data p d
1 Fig 81 lead to the concl that the shll {mech 1 effi ) of
walking on exther the level or on a grade on the motor dnven treadmill 1s
remarkably constant from one mdmidual to another

The obsenvation regarding the skill component of walking Mlustrated 1
the preceding section 15 the exception rather than the rule The usual ex
Penence 15 to find rather large differences i ndices of shill which can be
formulated in terms of oxygen consumption A good example 15 the work
of Dill, Talbott, and Edwards {28) who reported a numnber of observations
on 12 men who ran on the motor dmen treadmill at g 3 Jlometers per hour
on a zero grade for zo minutes The oxygen consumption vaned from 18
0 27 liters of oxygen 2 mmute The mean oxygen consumphion per kilo-
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gram of body weight was 32 16cc per minute with a standard deviation of
443 This may be compared with the oxygen consumption of 13 soldiers
recently studied 1n this laboratory who walked at 3 5 miles per hour on a
10 percent grade on a motor drven treadmll The mean oxygen consump
tion was 29 45cc per kilogram per minute with a standard deviation of 105
The vauability mn walking 15 clearly much smaller than found in running

S5

50 SKILL IN RUNNING MEASURED BY NET OXYGEN
CONSUMPTION PER KILOGRAM OF BODY WEIGHT
45 |—— EACH SUBJECT RAN CN A MOTOR DRIVEN HORIZONTAL TREADMILL—

AT A RATE OF 93 KILOMETRES PER HOUR FOR 18 TQ 20 MINUTES
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treadmill Data of Dill, Talbott, 3;1::1 E%i\mnffs (ngl)en runsing on @ motor

The mdividual data of Dill, Talbott, and Edwards 15 presented i Fig 83
In addition to the 10 men who compnsed the mamn body of this study, data
on a champion marathon runner (C DeM ) and a college miler (T K) are
mcluded for companson Observations before and after some months of
running several times a week on the treadmull are also presented The 1m
provement 1 shll with repetitive practice sessions 15 well illustrated by the
gains made by subject W C It 15 of interest that C De used 27 percent
less oxygen per minute to move one kilogram one kilometer than W C who



EXCRCISE AND METABOLISM 133

was the least skillful man 1n the group when his oxjgen consumption was
first measured

The largest individual differences 1n the cost of doing a specific task can
be found 1n the more complex actwities with which the participant may be
completely unfamliar at the time of the first contact with the sport A good
example of this 15 swimming Karpovich and Millman (48) found that 1t
cost a good swimmer 10 to 15 calones per minute to swim the crawl at a
rate of 2 to 3 feet per sccond This may be compared to the 22, 36, 44, and
65 calones per minute that 1t cost four untramed swimmers to swim the
craw] at approximately the same rate

It 15 common knowledge that repetition mmproves performance In the
complex unfamiliar tashs, much of this 1mprovement comes as the result
of reducing the oxygen cost of work, 1€, improving the shill with which a
tas 1s performed The coach can assist lus athletes n traming by thinking
of ways and means of reducing unnecessary motions to a mnmum

On the other hand, repetition of a task that 15 already fanuhar and that
has been practiced a great deal does not result m any important improve
ment i the oxygen cost of work An example of this 1s found in treadmill
walking Repeated bouts of grade walking on the treadmill show mimmal
(o to 2 percent, Enchson
Neufeld, 54) wmprovemen
provement that Knehs, et ar voov wu -~ - r y -
to treadmll construction The treadmll used at the Laboratory of Physio
logical Hygiene (Enclson, et of ) was equipped with a rabber belt which
had a corrugated surface and ran on a smooth wooden shpway which sup
ported the weight of the subject The Fahgue Laboratory treadmull was
fitted with a leather belt wiuch had a smooth surface and ran on a bed of
supporting rollers It scems quite possible that the Fatigue Laboratory tread
mill was more difficult to walk on due to the shppery surface and shight i
regulanties produced by the rollers As a result, ths task may not have been
one with which the subjects w ere completely fam:liar

3 Tue MecuanicAL ErricieNcy oF WORK
The most precise method of expressing the ability to pixform ‘a tf:k with

economy of energy expenditure 15 to calculate the
This 15 usually done with some vanant of the following equation
(external work plished mn Lilo calones) X 100

M E (in percent) = net energy used m lilo calones

mate of the external work accomplished by the mdidual Once the external
work has been d the h 1 effi can be found after con
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verting numerator and denomunator to sumlar energy units Measunng the
external work 1s sometimes extremely difficult or impossible Holding a
wetght out at arm's Iength without moving it 1s a tash that requures energy
and 15 rapidly ting but in which the ndividual docs o external woik Lift
wng a weight from the floor to a shelf allows precise determination of the ex
ternal work 1n terms of foot pounds A conventent apparatus for the deter
mination of external work 15 the bicycle ergometer Here the bicychst can
be made to dnve an clectnc generator with only a small loss of energy n
the heat of frichion 1n the generator duving apparatus

Estumates of the mechanical eficiency of work m man for a vanety of
tasks are presented i Table 8 2 The mechanical efficiency of a well traned

TapLe 82 The Mcchamcal Lfficiency of a Vanety of Tasks Performed by Man

Rate of Work Mechamcal
Conditions and Method O, Intake Efficiency
of Calculation Laters/Nimn Percent Refs

Ruding bicyele ergometer 23 (25)
Grade walking treadmull 20 17-19 (31
Grade walking treadmll

corrected for honz ener; 20 31
Hill climbing & 22 i})}ZB {30%
Hill cimbing

corrected for honz energy 22 28-32 (30)
Runming on level 223 (32)
Swimming underwater 11 -8 (33)
Swimming underwater 20 3-5 (34)
Swimming surface 05-22 (#)

bicycle nder 15 presented m the table In grade walling on the treadmull,
the external work 1s calculated as the vertical lft of the body weight This
results 1n rather low cfficiencies which are beheved to be due to the falure
to account for the external work accomplished m the honzontal yvector
of the locomotion A numbcr of authors have attempted to correct for this
by measuning the cost of honzontal locomotion at the same speed This
energy cost 1s now subtracted from the total produced by grade walking and
the difference 15 attubuted to the cost of the vertical hit This caleulation
the app h 1 eff Y to the level of 30 percent t0
35 percent It 1s believed that tins method assigns too much energy to for
ward locomotion It appears likely that some of the energy of forward loco
mohion is converted to lifting work by body mechanics A proper analysis of
this problem has nes er been attempted
Durnin (30) studied expencenced mountain chimbers carrying pachs Up
a slope which rose 1 foot m every 5 7 feet of linear distance on the slope The
natural pace of cach climber was carefully determimned before the expen
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ment The linear speed was 1 8 nules per hour The efficeency was very Tugh,
a number of values of 23 percent were found and one of 26 pereent was re
corded It s hikely that the very hagh efficiencies were attamed because the
nvestig; atfowed exp ed hmbers to select ther natural
gatt Other speeds saght well result wn Joser salues of efficiencs The work
of Fenn (32) 15 mieresting because he studied men ranning on a level track
and made esimates of (1) the hanetic energy 1n arms and legs, (2) the
wark of decelerating arms and legs, (3} the work the subjct did agamst
graity, {4) work agamst wind reuistance, {s) heat lost m fnchion between
foot and ground When these values were added up, Tenn found a value for
efficsency that was very close to that found in other types of work It 38 un
fortunate that an analysis of this hind 1s so bime consuming siace careful
compansen. of the tramed with the untramed mdwiduals should gne
caaches hunts m how to teach the less skallful runness to improve thexr cfft
aency

To caleulate the eficiency of swumming one must determune the resist
ance of the water to the motion of the bedy through 1t This has been done
by towmng the swimmes through the water and measunng the force wath a
spriig Or the subject 15 ashed to swim and 15 held back by 4 rope fitted with
3 spnng scale Undenwater studies have been carned out i a hydrauhic
Taboratory where the speed of moving water can be controlled expenmen
tally The measurements of drag are perhaps not completely accurate {alter
natne methods seldom gne precsely the same figure) but there can be hittle

doubt that swimemng 1 a very smeff method of X Studses
on underwater w the Bydrauhes laboratory quickly d £
wnefficient methods of swimming undervater

This & has been confined to the d: hanseal off

of work Here the m estrgator restricts hus obsen ations to the ime the work
was being done and the pertod of recovery from it However a fettle broader
vtew changes our pictuse of the efficiency of the human machine Take for
example the mountam chmber who s faced with 3 chmb that will take three
days The chmber must ber that the human machine can

not work 2.4 hours a day and must spend time prepanng and cating weals
and sleeping The effciency of the complete operation must mot only be
calenlated 1 terms of the total energy demved from O wntake dunmg chmb-
tng but should alse melude the complete cost of the overhead, 1 ¢ the 24

hour energy expenditure From this powt of view, the effiency of the hu

man machine 15 low, less than 1 percent

4 The Rezanonsmr or Sezep anp AMass 10 miE Mecismear
Erriciency or Muscuzan Wozk

Table 82 gnes a value for the mechameal efficrency of grade walling
for the h 1 energy evpend: as 31 2 percent This value

was used since it was that obtamed when the men were psing approvmately
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2 iters of oxygen a minute and 1s comparable to the other figures n the table
Howener, it should be recogmized that the speed of the treadmll belt had a
marked effect on the mechameal efficiency For example, subject D. M had
an cfficiency of 28 3 percent at 2 5 miles per hour on a 5 percent grade At
3 miles per hour on the same grade the efficiency was 376, at 35 mph,
403,andat 4mph, 26 6 The subject of this experument mcreased the num
ber of steps from 88 per munute at 2 5 miles per hour to 116 per minute at
40 miles per hour Then the speed with which the legs and therefore the
muscles were moving increased substantially oscr the range of treadmull
belt speed studied The data indicate that mechanical efficiency was mau
mal at some intermediate speeds and low m both slow speeds and fast
speeds This observation 15 by no means new Lupton’s observations (47)
on the effect of speed of climbing stairs on the mechamical efficiency 15
familiar to anyone who has looked at a text on muscle physiology It 1s
generally believed that the performance of a task at very slow or very rapid
rates mvolves the use of accessory muscles and therefore would, because of
this fact, have a low mechancal efficiency Howener, certam properties of
1solated muscle descnbed by A 'V Hill will also account in part for the re
lationship between speed and effictency described above

In some of lus eatly mvestigahions of the capacity of muscle to perform
work, Hill showed that the human arm muscles can perform more work
when pulling agamnst a large mass than agamnst a small In the particular €<
penmental set up that Hill used, speed of contraction turned out to be the
cntical factor In order to attam the maximal realizable work the time of
shortensng must be long enough to allow the liberation of encrgy required
to move large loads Indeed, this relationship 15 a precise one that can be
expressed mathematically for both frog muscle (41) and human voluntary
muscles (42,14) The shortenng of a muscle against a constant force can be
descnibed by the followng equation
(1) (P +a) (V + b) = constant

where P = force and V =veloaty and a and b are constants In the case of
muscular contractions i the human arm, the worl done does not achieve 1ts
maximal value until 1t 15 opposed by a mass which 1s large enough to require
between 2 and 3 seconds for muscular contraction to take place Equation
One has a bearing on the mechamical efficiency of the muscle Hill (41,15)
has examined this problem m the isolated frog’s muscle In this situation
Equation One can be wniten
(2) (P+da) (V+b)=(P,+a)b
where P, 1s the full sometric tension

The total energy produced during a contraction of an 1solated frog's
muscle can be descnbed by the equation

(3) H=dX + KT
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where X 15 the distance the muscle shortens, a 15 defined as m Equation One,
T the time of contraction, and K 15 a constant relatmg time of contraction to
the heat gnen off durng the mamtenance of contraction

The work done m shortening 1

(4} W =PX
The general equation for efficiency 15
w
& Lemrw

which can be wntten

PX
(P4+a) X+ KT
The student will note that the defimtion of heat given off by a muscular
contraction 1 the above equations onuts any reference to the heat of recov
ery Ths 1s valid since the heat of recoyery 1s cqual to that of contraction
to dride

6) E=

. optimal
pomt relatne to both speed and load For example, with a high veloaity
of shortening, the term AT 15 small but with a rapid contraction P 15 also
small and the efficiency 15 low When the muscle mosves slowly P 1s large
as15 T and agaimn the effi 1s low The 1 effa Ties 1
between The actual relationships to speed and load have been worked out
m the laboratory on 1solated frog muscle and conform to theory (41,16)
The constant b has the dimensions of velocity which 15 expressed as contrac
tion per muscle length per second This constant 1s, of course, related to
efficiency In the frog, b 15 one thid of the muscle length per sccond The
optimal load 15 expressed 1n terms of fractions of the full 1sometric tensions
In man, Hill has eshmated that the maximal efficiency should occur when
the muscle 15 hfting one half the maximal load and shortening at a rate
that s one sixth of the masimum speed under zero load (42)

This picture conforms to the observations presented at the beginming of
this section on the effects of speed on the mechanical efficiency of grade
walking and star chmbing Caution skould always be ased i applying re
sults obtamed on 1solated frog muscle to man In this case there appears to
be goad reason for believing that the optunal speed for mechanical cff
ciency 15 determned 1 part by the relationships betwcen speed and mass
described by Hill

5 Tue Rerationsme Berw eEn Mrosnicar Ersiciency anp Dier

Krogh and Lindhardt (56) were the first to pomnt out that the mechamical
efficiency of work as measured on the bicycle ergometer 1s hugher when the
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subjects have been fed on a hugh carbohydrate diet for some days as com
pared to the same subjects existing on a Ingh fat diet 'The same conclusion
was reached when the work performance of men existing solely on water
was studied by Henschel, Taylor, and Keys (37) Fig 84 shows that the
mechamical efficiency deereased 7 percent of the imtral figure when the ap-
parent amount of fat oxidized dunng work mereased from so percent to

[7 T T T T T T

&
&l —
]
 CoNTROL
0 FASTING
7
{ { | ! L !
[ 50 ) 76 3 0 100

FAT A5 % OF TOTAL CALORIES
Fic 84 The rel hip o 1 1 effic of work
in grade walking expressed in percent to the percent of total

calories burned as fat during acute starvation with work Data
of Henschel Taylor, and heys (37)

over go percent of the total calones expended This 1s related to the mncrease
1 energy necessary to oxidize fat But a low blood sugar has an important
cffect on efficiency of certain kinds of complex achwities Thus m acute
stanation when the blood sugar fell below 70 mgms per 100 m! of blood,
the speed of small hand movements decreased and a correlation cocfficient
of 065 between blood sugar concentration and speed was found which
was sigmificantly different from zero (35)

A number of 1nvestigators have suggested that mamtenance of the blood
sugar level abose the normal Tevel 15 useful n work performance, but these
claims hasve never been substantiated ’

The relationship between blood sugar levels, duet, and performance 15 2
subject that 15 treated tully clsewhere n this monograph, but st may be
worth mentioning that the relabonship between blood sugar and psyche
motor measures of specd and coordination 1s an arca that deserves more care
ful study
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6 Tue PuystoLocicar Cost oF NEcaTve Work

‘When a 10 hilogram weight 1s hfted vertically for 10 meters, 10 Mlogram
meters of phystcal work have been accomplished and the weight has acquired
the same amount of potental energy If the weght 1s retuned to the spot
from which the Iift was started, the balance of work accomplishment 15 zero
If the same werght 1s hifted by human muscles, work 1s accomplished against
gravity by contracting muscles If the weight 1s lowered slowly by man, work

y 028%+ 482

OO R I U O R N [y I [ |
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kgmimn

a man bt
ted aganst
wssen (4)

1s done against gravity, but this time the muscles are first contracted and then
allowed to stretch It 1s common expenence that moving a weight from a
shelf to the floor 15 less fatigmng than the reverse operation This suggests
that energy 15 absorbed by muscles which are stretched by a force from 1ts
contracted position

When a muscle exerts a force P and contracts a distance X 1t has done
PX amount of positve work If a muscle exerts the force P and 1s stretched
a distance X during contraction, tt 1§ said to have done PYX amount of nega
tive work

Abbott, Aubest, and Hall (1) studied the energy relationships which take
place when an isolated muscle mamntained 1n 1sometnc contraction 1s
stretched These 1nvestigators found that excess heat was produced dunng
stretching but that this did not account for all the work that was done
Roughly one half of the energy necessary to stretch the muscle appeared to
have been absorbed by 1t If the muscle was stretched dunng relaxation all
the energy used n the stretch appeared as heat These authors speculated
that the chemical mechamisms whnch dnve the contraction of the muscle
are reversibly coupled to the contractile elements dunng stimulation and
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that energy 15 absorbed by a chemical mechamism  Alternative mechanisms
which do not pastulate this reversible coupling hase been offered by Asmus
sem (4,29)

Negative work has been studied n man by Abbott, et al {2) and by As

studied a man ndng a bicycle on the treadmill both uphill and downhill
In Fig 8 5 the subject pedaled at 8 6 km /hr which required 335 resvolutions
per mmute The ratio, cost of positive work/cost of negative worh, was
shown to be 7 4 Other expennments show ed that the ratio could vary between
three and nine Since the muscle tension pedaling backwards downhill 1s the
same as that pedaling up the same grade, 1t can be concluded that muscles
can produce tension three to nine times more cheaply when they are domg
negative work than when they are performing positise wosk

FACTORS AFFECTING THE OXYGEN INTAKE
PART TWQ MAXRIMAL OR ANAEROBIC WORK

In an earlier section ths type of work was defined as that m which the
oxygen cost per mimute at all times exceeds the actual oxygen intake Work
of this hind cannot be continued mdefimitely since there 15 a hmit to the
amount of anacrobic energy a given indnidual 15 willing to employ

70 -0z requared
1/mn. (measured
with 0,-debt)
5
3 —~Maximum
!» 1" intake
30

2
4

7 z * 5 F7 Z
km./bour
Fic 86 The oxygen ntake and requirement i liters per munute

plotted uganst speed Data of Chnstensen and Hogby od
1fied by Karporich (47) ogberg (22), as
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From the poiat of view of axygen consumption, maximal work 15 charac
tenzed by an oxpgen wtale close to the maxmum for the worling condi
hons under study and by a sizeable oxygen debt This Lind of work 15, of
course, accompanicd by matked changes m the composition of the blood,
the expired aw, and by puise rates which ate close to maximal In thus section
the oxygen sntake dunng work and vecovery will be examined and m adds
ton metabohe and cardiorasevlar corzelates will be considered

The relationslup between work mtensity and oxygen consumption on the
one hand, and ovygen requuement of wotk on the other, » presented
Tig 86 The oxygen requirement hete 1s calculated as the total oyygen con
sumed 1 excess of basal metabole reqy ts for the complete worh tash
(m hters) plus the oxygen debt m hiters divided by the time of work (0
munutes) It s clear that under acrobic conditions 10 whick 2 true steady
state exists, the ovygen mtale dunng work 15 related by a constant to the
oxygen requirement In this range of work conditions the oxygen debt
sepresents the difference between oxygen requrement and iptake which
occurs dunng the imual ady of the card las system Yo the de
mands of the work When the oxygen tequurement exceeds the satake at all
phases of the work penod, the oxygen debt ceases to have a hmear relation
ship 1o the oxygen ntake aud wereases raprdly wath an mercase m the work
rate

14 " a7 mine ANarromiC Waork Tae Maxnaa

Loy, ~fworh
1 hus study of maximat Suse o atking
up 2 stecp grade on a motor duven treadmu, |-, m the

level or on a grade, usually on a motor duven treadmndl, {3) puualing 2
icycle ergometer These tasks all have n common the use of 2 large fraction
of the musculatuce of the body and certam dynamic aspects which Jend
themselves to allouy post Unless atheswise noted, the follawmg
discussion will be based on observatrens obtamed unng one of these three
1as\s The detals arg not stnctly mteschangeable but the general prnaples
appear to beso

The time charactenstics of the oxygen ntake dunng maximal wosk can
be seen i Fig 87 taken from the work of Robunson (71} The figure shows
oxygen intake for each mmute of a five minute exhausting run for 10 groups
of males of dificrent age The orygen wtabe 15 expressed as percent of the
largest miake recorded m the course of the run With the exeeption of tli,
sery young and the mon past nuddle age, the oxygen mtake has reached
ws maximal Jes 6 by the second minute of runniag

“The condihions under which a maxmal oxygen wmtake can be achicred
have been studed by seleching a stndard tune of ruaning which fus les
thiee munates 1 ane Miboratory (76) and five minutes 1 another (7}, 11,
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oxygen consumphion 1s determined at some time after an apparent steady
state with regard to oaygen take The test procedure 15 repeated for sev
eral mereasing work loads until a further mcrease 1n the work load fails to
result n a further increase m oxygen consumption This oxygen ntahe 1
designated the maximal oxygen consumption This gives 2 definition of max
1mal oxygen mtake which 15 ndependent of the motnation of the subject

The effect of mcreasmg the work load on the O, mtake 1n separate expen
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Fic 87 The oxygen wntake expressed as percent of the maxumal O, mtake
plotted agamnst time in minutes of running onﬁa motor finven treadrmll a‘t grades
and speeds suttable to produce @ mimmal oxygen intake Each line represents the
mean of a group of men of the same decade 11 age Mean ages of the groups I
1V and X are 6 0,17 4 and 75 0 years Data of Robinson (71)

ments 15 llustrated m Fig 8 8 Here the work load has been mcreased by 1
creasing the speed of the treadmll while the grade was held constant on
the one hand, and mcreasing the grade while the speed was held constant
on the other Expeniments of this hind showed that more men can attam

a maximal O; intake plateau 1f the speed 15 held constant and the grade 15
mcreased thanif the grade 1s held constant

1t applies to the particular conditions studied, 1 ¢, the type of work task
and the conditions used to increase the metabolic rate A demonstration of
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this 55 found 1 the fact that there arc conditions under which 2 maximal
oxygen sntake cannot be ehated It has been mentioned that some men
will show a platean of O, mntake with mereasing work load by mcreasnng

the grade of a motor drven
treadmull while they cannot
demonstrate this plateau when
the work load is wcreased by
mereasing the speed of mn
ming Furthermore 1t appears
that sf one mereases the speed
or the grade cvery mimnute dur
g the same run unhl exhaus
hen occurs, a maximal oxygen
mtake 15 seldom trated

{75}

Another factor appeats to
be the quantity of muscle em
ployed to perform the task
One of the frst demonsta
tians of this was by Chinten
sen and Hogberg (23) wha
showed that cross-country shr
mg chots a gher maxsmal
oxygen intahe that does run
nming This obsenation was
confirmed by Taylor, Bushsth,
and  Henschel (76} who
showed that if the conditions
of treadmit runnmg which
would ehat the maumal oxy
gen mtahe were determined
ang then 2 simultancous task
employing the arms was supes
mmposed upon these conds
tions, the ‘mawumal oxygen
miske” was increased by ap
P wiely 7 porcent
i v oa large
Wil Bave -
frame and smal] muscses

must be wsed which will account 108 u -
to use body weight as 3 seference powt The

dasce per hlogram of body weight provides a
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Tic 88 The oxygen wiake m Istess per
munute plotted agamst an wereasing work
load cach pomt represents the Os wtake
takess betwgen 1 mnute and 45 secands of
a separate Tun In the upper four figures,
the speed was held constant at 7 mph
ond the grade was vared In the lower four
figures the grade was held constant and
the speed nas vaned Each figure represents
a different indmidual Data of Taplor et 5
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direct measure of the amount of oxidatie energy available to move one
Lilogram of body weight from one place to another over the ground

The phystological factors hmiting the mavumal oxygen take have been
recogmized for some fime Thev can be considered under three headings
(1) respiration, (2) cardiac performance, (3) penpheral factors

2 REsPIRATION 45 A Factor Linirine THE MAXIVAL OXyGEN INTARE

The respiratory factors do not scem to offer any senous lnmitation 1n the
presence of normal lung tissue and ummpaired respiratory mechamics Re
spuratory function and physical activity have been discussed elsewhere m this
monograph so this 1s not the place for an extended discussion Brefly the
few of diffuston coefft dunng woik (57,70,74) (1€,
DO, = the number of milliliters of oxygen crossing the pulmonary mem
brane per minute in response to a mean pressure gradient of 3 mm Hg)
indicate that the DO; increases with exercise It 15 gencrally believed that
the diffusion capacity of the lungs 15 adequate to oxvgenate the artenal blood
at high lesels of performance Tlus conclusion 15 well documented by the
work of Mitchell, ¢t al (62) who showed that the saturation of the artenal
blood 15 well over go percent when the maximal ovygen mtake has been
reached by normal young men It should be recogmzed that reduced artenal
saturations have been obsenved dunng cveraise This 1s usually considered to
be the result of poor distribution of blood and air 1n the lungs which produce
physiological shunts More work must be done mn this area However,
Mutchell' s results indicate that under conditions of the maximal ovygen
determination, the artenal blood 1s adequately saturated and 1s not a hmit
wng factor m the maximal oxygen ntake under the restncted conditions dis
cussed here (7,76) It 1s clear that more work needs to be done in thys area to
explain some of the contradictions which are currently present in the htera
ture

At Ingh rates of ventilation, the respiratory muscles use a measurable
amount of oxygen Niclsen (65,24) has reported that in maximal work e
quinng 116 liters of ventilation and 4 59 hiters of ox)gen a mmute, the respt
ratory muscles used 406 ml of oxygen per minute Otis (66) has pointed out
that this figure might be as much as 1100 cc per minute Examination of the
factors affecting the cost of breathing 1n voluntary hyperentilation expent
ments at rest revcals two important factors m the cost of breathing The first
15 the elastic work of moving the chest wall, expanding the lung and so forth
This work 15 decreased as the breathing rate increases But as the breathing
rate ncreases, the acceleration of air dunng mspiration and exprration as
well as the peal. rates of air flow increase rapidly Nonelastic work then n
creases with mcreasing rates This and the fact that breathing which 1s car
nied on at too rapad rates results in poor ventilation of the alycolt places an
upper limit on the rate of respiration duning severe excreise

Estimations have becn made of the optimal rate of breathing for a gnen
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ventilation on three individuals at two rates of ventilation which are found
dunng excreise (12) The optimal rate at 4o liters of ventilation per minute
was estumated at 23 breaths per minute winle that at 100 hiters of ventilation
per minute was cstimated to be 4o breaths per minute These optimal rates
of breathing are not far removed from that found 1n men performmg work
requinng 40 and 100 hters of pulmonary ventilahon The data suggest that
the energy cost of breathing dunng maximal work 15 not likely to be above
500 cc of oxygen a mmnute Otis (66) has calculated that a sentlation of
140 liters a minute 15 probably the upper line beyond which the ever m
creasmng cost of ventilation will make unprofitable the resulting mncrement
of oxygen consumption left over for physical work This prediction 15 1n
teresting when one considers that dunng the maximal oxygen procedure
respiratory volumes vary between go and 140 biters of air 2 minute All this
bolsters the concept that the cost of pulmonary ventilation 1s not an 1m
portant hmiting factor 1 the maximal oxygen mtake However, 1t must
be recogmized that this 15 not an area which has been mtensely cultnated
and much work remains to be done relating the cost of respiration to rates
and volumes obsernved dunng work in the same individual and i studying
the effects of age, training, ctc

3 Caromc QutpuT AS A FACTOR Liniring THE Maxivar OXyGEN INTAKE

In order to move 4 to 5 iters of oxygen a minute to working muscles, a
very large cardiac output 15 required If one assumes an arteniosenous dif
ference of 75 percent of oxygen capacity of 20 ml per 100 m! blood, then
5 — 150 gives a cardiac output of 33 hiters per minute

The cardiac output dunng exhausting work has been studied with the
acetylene method (6,18), with the dye injection method (62), and with
both methods (5) simultancously Some of the important physiological
charactenstics arc presented i Table 83 The data in the first two lines

TasLe §3  Some Physiclogical Values Found in Blood and Cizculation
During Heavy Work

Total Muscle
Max Cardiac AV AV Stoke Pulse
O,Intale Output O, Diff O;Diff Vol Rate

Ref L/Mm L/Min cc/L  cc/L cc  Beats/Mm
Asmussen

and Nielsen 30 22 150 180 120 180
Chnstensen 39 33 i‘Z‘(;) 130 %gg %ég
Mitch 23
Trbdbetd - 3% S5 =2 23 =0

Note  Asmussen and Nielsen and Chnstensen studied one subject cach Mchelf
et al, studied 15
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of this table are selected from two indwiduals who arc in quite different
status of trammg Chnstensen’s subject was a man who was m excellent
physical condition while the subject studied by Asmussen and Nielsen (6)
was not m good physical condition In general 1t 15 belicved that the higher
the maximal oxygen mtake, the larger the cardiac output The data suggest,
and there 15 much mdirect evidence to support, the concept that the well
traned man mereases s stroke volume more than the untramed man and
that the trained man has a maximal pulsc ratc which 1s lower but not a great
deal lower than the untramed man The cardiac output of the tramed m
dwidual 1s larger per hiter of oxygen moved to the muscles, the arteno venous
difference ts smaller in the well trammed mdividual The artenio-venous oxy
gen difference for blood runming through working muscle was calculated by
Asmussen and Nielsen (6) on the assumption that the imgation and Oz up
take of the remarning organs 1s the same dunng rest as in the working post
tion The arteniovenous difference of blood flowing through muscles m
Asmussen’s untraned subject 15 larger than the observed value for the overall
arculation This leads to the conclusion that n the untramed ndividual
the artenovenous oxygen difference of blood flowing through the working
muscles is very nearly equal to the oxygen capacity of the blood

Mitchell, et al (62) used the dye mjection method to study the cardiac
output m young men dunng actual maximal oxygen determnation The
data obtamed are presented in Table 83 These men were not m a high
state of physical traming and 1t 15 interesting to note that the group mean of
the overall arteriovenous oxygen difference 15 close to that found by Asmus
sen and Nielsen It follows then that the artenovenous owygen difference
of blood runmng through the workimg muscles 1 the group studied by
Mtchell, et al was close to the oxygen capaaity of the blood This group con
tamed 15 indwviduals and 1s large cnough so that one nught hazard a gen
eralization that in the untraned individual the arteniovenous oxygen differ
ence of the blood flowing through the working muscles 1s close to the oxygen

capacity of the blood when work 1s being performed at a rate which will ehit
a maximal ovygen intake

4 Pertpnerar Facrors Livurine tae Maxiniar Oxicen INTARE

The size of the capillary bed or quantity of blood runmng through the
muscles has been mentioned by a number of nvestigators as an important
lmiting factor n the maximal oxygen mtake The size of the capillary bed
and the artenal trec leading to 1t will, of course, have a profound 1nfluence
m the quantity of blood retumed to the nght heart In submaximal states
there 1s an elegant balance between cardiac output, blood pressure, the size
of the vessels m the muscles, and the venous return However, when the
pomnt 1s reached at which the system will no longer increase blood flow and
oxygen deliery to the muscles, the old dilemma of identifying the linuting
factor presents itself Is this imited by the capacity of the heart to pump
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blood? Or 15 the sime of the astenal and capillacy bed 1 the muscles the
Imting factor? Ot 15 the cardiac output hmuted by some penpheral factor
which 15 Tated to the d of the penpheral vascolar bed? This
guestion cannot be resohed in as satisfactory a way as we would hke but
evdence 15 accumulating wIich fasors the concept that the dunensions of
the penpheral vascular bed ace the most important of the several possibilities
Esidence m support of this view 15 to be found m the work of Chastensen
{19} who found that a man dong work with Ius arms had a maxmmal exygen

P
mtake of 4 64 hiters/mn bicyching, 4 57 hters per minute runming but when
shung (with poles) Ius wmtake rose to § 24 hiters per mmute Bicycling and
nunping use the leg and lower back muscles while m skung the additional
muscles of the arms and back are used to mampulate the skt poles Taylor
Bushurk, and Henschel ged a hand erg over a treadmali and per
formed anm work while ronming on the treadmalt at speeds and grades which
chated a maxmal oxygen intake It was found that the additonal work n
creased the maximal oxygen wmtake by 200 to 250 cc per mnute This
eudence leaves us with a strong p P thatf aftera 1 oxygen
mtake under a guen set of conditions 15 reached new muscles are grouped
wtoplay the heart can inerease the cardsac output

1t bas been pomted oat above that the maumal oxygen mtahe per hilo
gram of body weight 15 2 good measure of the sudatie cnergy available
for moving a man from place to place So we may regard this figure as a good
fitness index winch 1s related to the capaaty of an mdmdual to sun a mile
race On the other hand of one s ntesested 1 evaluating the performance
of the cardiovascular system and n compaung one mdividual with another
then the 1deal reference point wauld be the weight of the active muscles
Estimates of the wesght of the actne museles for any speafic tash are ex
tiemely difficalt However one can estimate the quantity of achve tissue
which consists principally of muscles or the weight of the fat frec tissue
whuch does not include a costection for the weight of the bones (50) If
one selects a tash which employs a relatively constant fraction of the total
musele mass 1o diffesent sudwaduals then the manimal oaygen mtale per
ilogram of actne hssue should constitute a good basis for companng the
cardiovaseular performance of one mdnidual with another Evidence m
suppart of this can be found in the work of Buskuk and Taylor (17} The
contlation cocfficient betwcen fat free body weight and maumal oxygen
miake was found to be 0 85 1 the group which was not mvoled m systenue
Physical actnity "The correlation cacfficient with body weight was 063 The
difference 1n comelabion coefficients can be accounted for by the wide vana
o 1 the prapotton of adipase tistwe which was observed among the
mdmduals The conelabon between mawmal oxjgen ntahe and  actne
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tissue” was 0 91 But 1t 1s not behieved that any sigmificant difference custs
between this figure and that found for fat free body weight This result s con
sistent with data of Von Dobeln (79) who reported a correlation cocfficient
of 075 between weight adipose tissue and maximal oxygen intake The data
mn Fig 89 show that athletes in good condition hasve a larger maximal oxy
gen mtake per hlogram of fat free weight than their more sedentary con
temporanes It will be semembered that young men undergoing condi
tioning programs show an increase m the maximal oxygen intake of from
5 to 15 percent (5472) From this we can conclude that the difference be
tween the sedentary indnidual and his physically active contemporary 15 10
part at least due to an mn
proved  cardiovascular  per
formance, which may be re
lated to the fact that the
well tramed muscles have 2
larger vasculanzation than
the untramed muscle

The lugh comrelation cocf
ficlent between ‘actne s
sue” and maximal oxygen in
take 15 consistent with, but
does not prove a causal rela
tionstup between, the mass
of active muscle and cardiac
output or the maxmmal o\
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A second penpheral factor of mmportance 15 that of the total amount
of ciculating hemoglobin  Astrand (7), employmg a method deseloped
by Sjostrand (52,30), studied the relationship of total hemoglobin to

the maximal oxygen intake n 43 males (age 7-30 years) and 51 femalcs (age
Az ( teare) Tha '

el pone 1ot tne prediction of a standard max;’mal ux;ge;l m;al.e \;hxc'h 15
mdependent of age, scx, body size, degree of obesity, and other vanables
Howcver, it 1s not hkely that the total circulating hemoglobin 15 a imiting
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factor wiich has the importance mdicated by the correlation coefficient
Astrand found a very high correlation between circulating hemoglobin and
body weight Furthermore the correlation coefficient between body werght
and mawmal oxjgen mtake mn males wrespective of age was 098 Buskirk
and Taylor (17) and Von Dobeln (79) attempted to assess the role of ar
culating h lobin which 15 independent of other varables Bushirh and
Taylor found correlahion cocficrents betw een fat free body mass and circulat
g hemoglobin and manmal oxygen intake and arculatory hemoglobmn to
be of the same order of magmtude Von Dobeln calculated multiple cor
relation coefficients and found that the comelation coefficient between
maumal oxygen mtake and total hemoglobin was o 25 when other factors
such as fat free body mass were taken into account

It has been pointed out that the masimal oxygen intake of indvidual men
may be eshmated from the pulse rate at submaximal rates A nomogram has
been prepared and put forth with which to predict the maumal oxygen
tale (9

The ()nqgen mntake may be related to circulatory factors by the following
equation

Oq 1ntake = (pulse rate) (stroke volume) (A — VO, difference)

where the oxygen mtake 1s expressed as ml of oxygen per minute, pulse rate
i beats per minute, the stroke volume m liters and the A — VO. difference
mml per hter of blood It has been contended by Wyndham and Ward
(80) that as the maximal O; mtake 1s reached, the stroke volume and the
arteniovenous difference have reached their maxtmum value and any further
mcrease 1n O, will be due to an mcrease n pulse rate Finally, the vanability
of the maximal pulse rate within a group of mdividuals 1s relatively small
Berggren and Chnistensen (14) have shown that oxygen consumption and
pulse rate are rectilinearly related Knowng the approaimate maximal heart
tate, one can make observations of heart rate at two or three submaximal
Ievels and then extrapolate to the maximal value Wjndham and Ward
(80) have done this and find that this 1s a useful procedure that readily
distinguishes between cardiacs and normals There are a number of situa
tions where 1t 15 clear that a measurement of the submaumal pulse at a
single work rate will not allow one to predict the maximal oxjgen intake
with 2 nemograph rélating submaximal pulse rate with the maximal oxygen
mtake prepared on normal young men Among these conditions, one may
mention (76) (1) men m the older age groups (2) semustanvation,
(3) stanation acidosis However, the possibility ewsts that the extrapolation
technique would yield better results and would be useful m what are today
cxceptions to a general rule

5 ConcrnrrATION OF HEMOGLOBIN

The above considerations coupled with Cquation One (p 136) make it
quite clear that 1n the presence of an anemia the concentration of hemoglo-
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bin can have an mmportant effect on the maximal oxygen ntake This will
oceur as soon as the concentration of hemoglobin has fallen enough to e
duce the artenovenous oxygen difference under the conditions of heavy
work Data beaning directly on this question are lacking

6 PuysioLocicaL Conprrions WincH InFLUENGE THE Maxiparn
OxYGeN INTARE

There are a number of physiological conditions which affect the mavmal
oxygen mtake A bout of exercises or a ‘warm up’ produces an increase m
the maximal oxygen stake of roughly s percent Fifteen mmutes of walking
at 3 5 mules an hour on a 10 percent grade 15 an adequate exercise penod for
this effect Mitchell, et al (62) have found that after a “ warm up ” has been
achieved maximnal oxygen determinations can be repeated i twenty minutes
without affecting their rehability It 15 interesting to note that a smail meal
has no di rable effect on the I oxygen intake (76) The effects
of a large meal have not been tested An elevation of the atmosphenc tem
perature from 78° to go°F results m a small decrease ‘The details of the ef
fects of wide range atmosphenc conditions have not been worked out

The cffeets of physcal conditioning have becn mentioned abose If de
conditionung 15 brought about by placing an otherwise healthy man in bed
for three weels, the maximal oxygen intake 1s decreased by roughly 15 per
cent (77)

Deconditioning as the result of malana resulted m a shightly larger dechne
(18 percent) of the maumal oxygen mtake (36) Acute stanvation with a
loss of 7 percent of body waight dehydration and acidosis produces ne
decline per Mlo of body wexght or, eapressed m another way, a dechue which
15 proportional to body weight S vation results m a d which 18
proportional to the body weight until a weight loss of 10 percent 1s reached
Some time between a 10 percent and a 17 percent loss of weight the dechne
of the maximal oxygen intake 1s markedly mcreased and a substantial loss
of maximal oxygen sntake and capacity for anaerobic work results { 51,78)
1t should be noted that the most important change occurnng here 1s a shnnk
age of the muscle mass If a man 1s placed on short rations of both water and
food and forced to work, weight 1s decreased more rapidly than the maximal
oxygen intake and work performance 15 well mamtamed 1n the face of con
slerable debydrabion On the other hand, dehydrabion 15 produced 2
unacclimatized men through excess sweating 1 a hot room, the loss of salt
and extra cellular fluid produces circulatory nefficiency and a marked loss of
maximal ovygen intake and work capacity (63)

Both Robmson (71) and Astrand (7) have studied the relationship be
tween age and maumal oxygen intake The capacity to transport oxygen to
the muscles ncreases with growth duning childhood and reaches a peak 1
third decade (2o to 30 years of age), and then dechines In the men studicd
by Robinson a decrease of 4o percent was observed in the seventh decade
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7 Tue Oxagen Desr

Naw that some of the factors have been explored which limut the capacity
of the organism to deluer oxygen to the muscles, it 15 appropnate to examme
the oxygen debt Almost any type of exercise that employs large muscle
masses results 1n an oxygen debt In submaximal activities, this 1s the result of
the fact that there 15 a arculatory lag durmg which tune the areulation 13
mcreased to the point at which the ovygen requirement of the work 15 met
by the oxygen delered to the working muscles The oxygen debt of this
type increases m rectihnear fashion with mncreasing work mtensity There
finally comes a time when the circulation no longer supphies oxygen at a rate
which will meet the metabolic requirement of the working muscles Then
1t 15 found that substantial quantities of lactate appear in the blood and the
oxygen debt 1s no Jonger related in hinear manner to the work mtensity but
1s nsing rapidly toward an asymptote The total amount of enexgy available
to the performer 15 the sum of the oxygen mtake durng work and recovery
m excess of basal requirements * The oaygen debt has very defimte hmits so
that anaerobic work cannot continue indefimtely On the other hand, 1t 15
doubtful 1f any athlete ever really uses up the chemcal potential for pilng
up an oxygen debt The reasons why men stop exhausting work are complex
and poorly understood 1t seems likely that reasons for stopping are only 1
directly related to the oxygen debt One fact stands out the athlete 15 ca
pable of producing a much larger oxygen debt than the nonathlete in poor
physical condition (72)

The fact that large oxygen debts are accompamed by large lactate con
centrations 1n the blood has led to a continuing wmterest m the relationship
between lactate concentrations 1 the blood during recovery and the dimen
sions of the oxygen debt Hill, Long, and Lupton (43) were the first to relate
thelactate concentrations in the blood durng recovery to the O: debt

Margana, Edwards, and Dill (61) studied the oxygen debt and blood
composition of one man over a very wide range of work rates While the
work rates were vaned, all other physiological conditions were carefully
standardized The subject reported mn the morming 1 the basal state, rested
for a half hour, ran exactly 10 minutes on the treadmll, then the oxygen
debt was measured and the recovery blood samples for lactate de_ffrmm'ahons

- R ..

1Fxerese at an wtens tv which creates a large oxygen debt also produces an mcrease
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mately 2.4 hters of oxygen could be accumulated without important quan
titics of lactic acid appearing 1 the blood This observation suggested that
there was a certain amount of anaerobic energy that could be supplied by
some mechamsms other than the breakdown of glycogen to lactic acd This
conclusion was supported 1 turn by the fact ongmally noted by Hill that
the oxygen debt 1s repaid at two rates of payment In the early phases of 1

10
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Fic 810 The rel Tup of lactic acid 1 the blood

to oxygen debt in liters 1 one subject Dat
o omge ) ata of Magarta, Eduards, and

corery the oxpgen debt 15 paid off rapudly, while the latter part 15 paid off
stowly Margana, Edwards, and Dill found that when they had accounted
for the oxygen necessary to remove the lactate produced by excroise, the
oxygen debt that was remaming was paid off at a rate that was 30 times 28
fast as that which appearcd to account for the lactate removal This phase of
the debt payment was a loganthmc function of time and was one half com
pleted mn 30 seconds and ¢8 percent completed 1n 3 mmutes The slow com
ponent, also a loganthmuc function of time, was one half completed m 15
munutes and 98 percent complcted 1n one hour Thus the two rates of pay
ment of the oxygen debt were accounted for on metabohe grounds Further



EXERCISE AND METABOLISM 153

more the results placed considerable emphasis on sources of anaerobic
energy other than the glycolysis of glycogen to lactic acid such as the release
of energy from the sphitting of high energy phosphate bonds 1 adenosine
tnphosphate, creatine phosphate, etc In addition, 1t provided evidence mn
support of the proposition that the concentration of lactate in the blood dur
mg recovery was a good measure of the size of the oaygen debt and the rate
of removal of Iactate from the blood was an accurate mdicator of the rate of
payment of the oxygen debt Much work on physical fitness and the effects
of diet, trammg, etc that was done in the following years was based on this
concept Furthermore the appearance of a lactate concentration in the blood
that was greater than normal was widely interpreted as demonstrating the
presence of tissue hypoxia

It 15 of considerable interest then that evidence has recently been bronght
forward to show that an increase m the blood lactate concentration cannot
be ngidly interpreted as being the result of tissue hypoxia Evidence (44)

hons 15 there any evidence of the esistence of tissue hypova Expenence
over a number of years has shown that i some situations blood pyruvate
concentration increased with the lactate and mn others it did not Thus leads
to a consideration of the conditions under which lactate 15 produced and its
relationshup to pyruvate concentration

Lactate 15 formed from pyruvate in the body according to the followmng
nominal equation

(7) pyruvate + DPNH, = lactate + DPN

where DPNH, 1ep reduced diphosphopyndine nucleotide and the
reaction 15 catalyzed by an enzyme known as lactic dehydrogenase Where
there 15 adequate oaygen present 1 the tissues, oxidation of carbohydrates
proceeds m such a way that six carbon sugars are degraded to pyrwate with
the loss of two H atoms These hydrogen atoms are camed by the cyto
chromes to the flavoproteins and then to the diphosphopyridine nucleotide
where, if adequate oxygen 1s available, HzO 1s formed to complete thas stage
1n the oxidation process When the PO, of the tissue has fallen below a ent
ical level then Equation One begins to operate and the reduced DPN 1s 1n
effect oxidized b converting pyruvate to lactate The formation of lactate 1s

— e

DPNH,
(8) (lactate) = (pyruvate) X K '**—((DPN) !
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In this form 1t 35 clear that changes in the pyrusate concentration alone will
result 1n a change m the lactate concentration The expenments of Hucka
bee (44) mdicate that this can take place dependently of a change m
available tissue oxygen which 1s represented 1n Equation Light by the ex
pression K %} Huchabee dernved from Equation Light an expression
which allows the calculation of the fraction of the change m lactate con
centrations which could be expected to be due to oxygen lack in the tissues
All the required data are 1 molar concentrations of lactate and pyruvate
determmed before and after some expenimental manipulation The equation
for calculating the change m lactate concentration which may be properly
ascnbed to oxygen lack in the tissues follows

®) XL= (L~ L) = (P - Py

‘Where L, and L, are expenmental and control lactate concentrations, Pa
and P,, expenmental and control concentrations of pyruvate, respectnvely,
and XL (excess lactate) the fraction of the total concentration change of
lactate which may be ascnbed to tissue hypoxia Huclabee (.44) has shown
that this expression will show no excess lactate when the lactate concentra
tion mcreascs threefold as the result of hyperventilation, wfusion of pym
vate, ete

This techmque was apphed by Huckabee (45) to exercise The total
body water of cach subject was determined and the total amount of lactate
as well as total excess lactate was calculated from the change in concentra
tion, on the assumption that lactate was evenly distnibuted through the body
water A typical expeniment 1s presented n Fig 8 11 The rate of exereise 18
not very intense (O, intake z x liters per minute) and the observed oxygen
debt 1s only a little over a hter A substantial mncrease 1n lactate concentra
tion was noted which overestimated the observed O, debt The excess lactate
concentration correctly predicted the observed O, debt It will be noted that
the subject was asked to hyperventilate during recovery and that this ma
neuver resulted 1n some changes 1n the lactate concentrations which were
not reflected 1n the estimated excess lactate concentration In other expen
ments cvidence was presented suggesting that in well condioned athletes,
the lactate changes underestimated the oxygen debt Here, too, the excess
lactate concentrations correctly estimated the oxygen debt' Huckabee then
has shown that even small oxygen debts are accompanied by an excess of
lactate in the blood The concept that there was a large oxygen debt up 0
2 5 hters that produced energy by some mechamism other than the lactate
mechanism appears to be mcorrect Huckabee ponts out that this Oz debt
resulting from the circulatory lag 1s not quite accounted for m his expent
ments and grants that a small amount of anacrobic encrgy might anse from
sources other than the lactate mechanism This work has left us without any
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metabolic explanation of the rapid and slow phase of oxygen debt payment
Explanation of these phases will have to be sought elsewhere Furthermore a
number of concepts and apphcations will have to be reexamined 1t has been
shown that post exercise lactate comcentratons differentiate well condhs
tioned men from sedentary mdniduals {75 40) Will excess Jactate concen
trations 1nproy e or reduce the differentiation? The rate of disappearance of
lactate dunng recovery aftes exhansting exeraise has been used to show that

i T I
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Fic 811 The relationship between the change m lactate conceniration the
excess luctate snd the ompgen debt Note that the body water of the subject has
been determined and the O, debt equnalent of the total lactate and eacess Jac-
tate caleulated As a result all valucs of lactate ean be read w both mullimelar
i‘hnnknts of lactate and mullihter equnalents of O, debt Data of Huckabee

45)

secovery 15 iyproved by (1) ovygen admistration {61} and {2} wallang or
joggng (64) Whll these concepts remain after recammation with the new
procedures?

8 Tux Oxgen Cost or Maxauar Wose

Sargent (68) studied the ovpgen cost of runming 1t o yards at vanous
speeds bch\ccn) 1 and g yards per second He found that the energy expends
ture of runnzug tus distance m 2 gnen hme vaned as the 3 8 power of the
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speed and that the energy expenditure of runming for a given time vaned as
the 2 8 power of the speed This means that as one approaches maximal per
formance any additional increment of speed will be very costly in terms of
the oxygen required to perform 1t On the basis of this information, Hll

N 1 sum g,
| Dosshe
1 RUN
1 w0
1 ¢
ol | of
1 ! °
[N} g
o
[N a0}
o mu]nFn o
ol = o
i g
= e
ERIENEN a
3 [ 3
Bl i 839
- |
& s an A

&

| reconcny 47 8
o A\

TEE S3ese o

 wnived

Fic 812 The onygen requirement m
hters and the oaygen intake durimg work
and rest in runs at a constant speed of 14
rles per hour Three separate runs of 1
nunute 2 runutes and 2 58 nunutes were
carrted out The oxygen requirement for
each period of the 2 58 munute run was
caleulated as follows

O req_for next shorter run

Orreq — -— L IT 2 T Tun
279 ™ Hiime of run — time of neat Shorter Tun

The culminated lactic acid and the rate of
cumulation per minute 1s also shown Data
of Robuson et al (73)

pomted out that a runner
would achieve the shortest
time for runmng a guen dis
tance if he ran the whole race
at a constant speed that was
the fastest possible for um
Ths advice was based 11 1926
on the assumption that energy
cost of running was independ
ent of the type of energy
mechanism (1 e, aerobic of
anaerobic) used by the runnet
However, Simonson and Sukna
(69) reported m 1934 that the
anaercbic mechanisms  were
less efficient, t e, required
more oxygen for a gnen
amount of work accomplish

ment, than the aerobic mech

amsm This finding was not
confirmed until 1946 and 1950
when both Swedish and Dan

1sh workers produced evidence
m support of 1t (21,3) Forex

ample, Christensen and Hog

berg studied an athlete who
ran on the treadmill at 2o Milo

meters per hour for periods of
15 seconds to 3 5 minutes On
each occagion the oxygen used
duning work as well as the 0%

gen consumed dunng recovery
was measured These nvestt

gators f?und that H‘l the very early phases of work the oxygen requirement
o

difference may be due to meficient running dunng the first few seconds
while the runner was getting into the stnde which he found to be best for the
speed but the differences are too large for this factor to be the sole cause
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Robimson and hus collaborators (73) myestigated thce men runmmng to
exhanstion in three munutes The cost of each minute was determmed sepa-
rately. The results obtancd on one man are presented in Fig 812 1t will be
observed that the oxygen cost of the first minute was hugher than s the
second minute which 1s what Chnstensen and Hogberg observed but as the
runner forced himself to exhanshion the oxygen requirement mereased to a
value that 15 50 percent greater than that found m the first minute Two
additional methods of runming the same distance were studied by these
authors, The men ran the first minute at a faster speed than average and then
ran the last two minutes at a slower speed The third method was to run the
first two minutes at a slower speed than the average and then the Iast mm-
ute at a faster speed. In one example, the subject required 24 7 hiters of oxy-
gen in cveess of based requircments to run at a constant speed The run
performed with a fast start required 25 g liters per minute and the run with
a slow start and a fast fimsh required 24 2 liters of oxygen Sumular results
were obtamed on the other subjects studied These data make 1t clear that
athletes should consere thewr anacrobic teserves until late m the contest
and that Hill's ongmal hy pothesis that the greatest speed for a given distance
could be attained by runming at a constant speed was mcorrect
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Pulmonary Function in Relation to Exercise

SUMMARY

A graph 1s presented by means of which ¢ number of factors of importance
i the physiology of exercise can be visualized sumultaneously These factors
wclude oxygen consumption and carbon diomde output, pulmonary ventila
ton and cardiac output, the oxygen cost of breathing and the oxygen cost of
pumprng blood, the partial pressure of carbon dioxide m alveolar gas and
artenal blood, and the oxygen saturation of the mixed venous blood When
certam reasonable assumptions are made, 1t becomes possible to show graph
1cally the way in which all of these factors change with increasing grades of
work under normal conditions and to mention a few adaptations to patho
logical states 1t scems doubtful that either pulmonary or cardiac function
limts the ability of the well tramed normal person to perform stead) state
exercise at sea level The control of breathing dunng exercise may mvohe,
n addition to mechamsms setting the resting rate, a reflex stimulus depend
ent on mixed venous Peo, Hemodynamic measurements and basic hemo-
dynamic principles pont toward signtficant changes in the number of small
pulmonary artertes and capillanies which are actively perfused during exer
cise Such changes are associated with changes m the distribution of blood
and gas throughout the lungs, but ordinarily the changes n the oxygen and
carbon dioxide tensions in the artertal blood are munor At sea level the
diffusing capacity of the lungs 1s normally adequate to permit almost full
saturation with oxygen of the blood leaving the lungs, even during sery s¢
yere excreise

The load on the systems responsible for transp Ing resp y gases be
twcen the ambient air and the tissues mcreases as the utilization of oxygen
and the production of carbon dioxide increase duning exercise It 15 con
venient to consider the relationships between oxygen uptake, carbon dioxide

162
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output, pulmonary sentilation, and cardiac output by refercnce to Fig g1

Here oxjgen uptale and carbon dioude output {Vo, and Veoz) are
plotted along the ordinate, pulmonary ventilation (V) 15 plotted along the

abscissa in the Ieft hand quadrant, and cardiac output (Q) 1s plotted along
the abscissa m the nght hand quadrant The 1sopleths radiating from the
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Fi¢ g1 Relationships between gas exchange, sentilation and blood flow
Cross hatched areas represent oxygen cost of breathing (left) and oxygen cost
of pumping blood (nght)

da(l) mndicates oxygen cost 1 by X) from
ta of Cournand Richards

(3) mdicates oxygen cost ¢, - o » Westlake &
Chermack

d Otis
(3) mdicates oxygen cost of breathing from data of Mcherrow an
The solid curve fnr’r;‘;mp the wbber boundary of the cross hatched area (left)
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OxXygen saturation {nght) 1 h
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Iaels of exercise Topmost Ime highest recarded level of energy expenditure
(skier Jernberg)
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ongin nto the left hand quadrant indicate different lesels of aheolar or
artenial carbon dionde tension (Peoz) and the isopleths m the nght hand
quadrant show different values for the oxygen saturation of mixed venous
blood (§v) The honzontal hne at Vo, = o 250 liters per minute dentifies
basal oxygen consumphon The cross hatched arca n the left hand quadrant
shows approumate values for the ovigen cast of breathing at different
mnute yolumes and the cross hatched arca i the nght hand quadrant
represents a crude estumate of the oxygen cost of pumping blood at different
rates The broken curves n both the night and left quadrants represent the
sum of the oxygen costs of mantammng body hissues, breathmg, and pump-
mg blood In constructmg the graph, the oxygen cost of mamtaimng body
tissues was assumed to remain constant duning exercise at a level represented
by the basal metabolism To this requrement, the oxygen costs of breathing
and pumping blood at increasing grades of work were added For example,
actual measusements show that when the total oxygen uptake 15 20 Iiters
per mmute, ventilition may be about 5o hiters per mmute and cardiac out
put about 20 liters per minate Therefore in plotting the brohen cunes
both quadrants the oxvgen costs of breathing at 5o hiters per nunute and
pumping blood at 2o bters per mimute are summed Sumilarly, when total
ovygen uptake is 3 5 hiters per minute, the oxygen costs of breathung at
88 liters per minute and pumping blood at 25 Niters per munute are summed
It must be emphasized that the relative amounts of ventilation and cardrac
output at a given grade of work varv i different people The values chosen
m constructing Fig 91 are for purposes of wlustration only They do not
represent fixed rclationships applymg to all normal people \When discase of
the pulmonary or crculatory systems 1s present, the ratio of venhlation to
cardiac output may beety different imdeed

The followmg sunphifymg assumptions hase been made 1n constructing Fig
91

1 CO — O, eschange ratio (R) =1, hence Veo, = Vo,

2 Abcolar sentilation (Vi) = 0862 Ve hence th 1 volume
e vy atin (8 & hence the dead space-tidal volum
3 Aheolar Peo, (P} = arteal Pee, (P o) = \‘,ﬁgw
V. (BTPS)
= Yeo, (STPD) x 862 __ Vco, x 1000
V. (BTPS) x 862 Ve
4 Owugen capacity of the blood = 20 ml ovygen per mil blood
5 ‘rtenal ovigen saturation {$1) = 95 percent or 09
_ 7 -
6 Cn—-C\:\D" Sa~Bim Yo ,Sv:oq;-——v—c—'»\\hcrc
Q 0 X ovigen capacity 20Q

€1, Cs, Sa and Sv 1epresent artenal and mined venous oxjgen content and sat
uration respectiely
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Assumption (1} 15 justified because R approaches umty dunng excieise ‘The low
ratio of dead space to tidal volume assumed n (2) coustitutes 2 reasonable
appromumation for a normal person dunng exercise The exact value chosen makes
possible a cancellation of the factor 862 (3) All Peo, 1sapleths would be more
honzontal +f the dead space to tidal volume mmtion were bigger The vitual
wdentsty of alveolar and artenal Peo, and the relationshup between Peo, Veo,
and V. are beyond question (1) A p (4) and (35) rep average
values for the blood of normal people who are exeraising while breathing aur
at sca level Because of the flatness of the oxyhemoglobin dissociation cunve at
95 pereent saturation, the artenal oxygen saturation 1s not sigmficantly affected
by indnidual diff i ventil A p (6) follows inescapably from
the Fick equation and assumptions (4) and (5) Al Sv asopleths would be more
‘ cod flow were abnormally

° ~ 515 a compromise based on
the published data of Cournand, Richards, Bader, Bader, and Fishman (10),
McKemrow and Otis (21), and Campbell, Westlale, and Cherniack (7) The
fact that different micthods were used by cach group of workers increases one's
confidence 1n the general order of magmitude of the results The findings of
McKetrow and Qtis, and of Campbell, Westlake, and Chermiach m the higher
1anges of ventilation suggest that the osygen cost Sgures of Coumand, et df,
may be a little too high However, the expenmental subjects m both the former
studies were tall lean men who had exceptionally high breathing capacities We
have accordingly adjusted the cost of breathing cune to be as representatue as
possible of an averagesized man These considerations serve to emphasize that
the oxygen cost of breathing vanes with body size and also between different
people of the same size Furth the breathing capacity 1s known
to increase duning strenuous exercise (32,33) and it 15 not unlikely that there 15
an associated decrease m the oxygen cost of ventilating at hugh rates This might
male the oxygen cost curve somewhiat less steep under actual conditions of stren
uous ¢xercise
Wide vanations between different people undoubtedly exist in the oxygen
cost of pumping blood The curve shown on the nght side of Fig 9115 based
on very fragmentary evsdence and 1 searcely more than a guess, armed at as
follows At an oxygen uptske of 2 liters per mnute, the cardiac cutput 15 ap-
Proxunately 20 hters per minute and the ventilation about 50 liters per minute
1 3 normal person The areas of the pressure volume diagrams of the two ven
tndles, multiphed by the polse rate, gue a figuee f’m‘lhe work don? agamst pres

and an dﬁc;enc‘y of cardiac action (bascd on work aganst pressure) of about 23
Pereent (), one mfers that blood 1s pumped about 3 times as cficiently as air
Accordingly one would expect the oxygen cost of pumpiag blood to be about
12/3 ot 4 times the oxygen cost of breathing at the speaified rates Since at s0
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liters per msnute the oxygen cost of breathung 15 about 50 mi per minute, the
axggen cost of pumping blood 15 estimated to be about 200 m] per minute at 2
cardac output of 2o hiters per mmute (as indicated on the nght side of Tag g9 1)

The rest of the curve for the oxygen cost of pumping blood 15 drawn frec hand
on the basis of thus onc onentation pomt The upper hmit of 25 hiters per minute
15 a reasonable value for a normal healthy man who 15 not 2 highly tramed ath

lete (6)

A graph such as thus can be constructed only when a number of sunplfy
1ng assumphions are made Because of this its usefulness 1s chiefly m prowid
1ng a starting point for a discussion of certam mterrclationships The oxygen
cost curves, 1n particular, must be used only as a means of wisualizing the
general trend of these phenomena and of understanding some of the waysn
which the ability to exercise may be linuted by the oxygen tiansport system
The absolute values shown are not sufficiently rehable to be taken as average
normal values

The relationship between ventilation and oxygen comsumption can be
wisualized m the left hand quadrant As long as Pcop remams constant,
1t 15 apparent that venhlation must mcrease 1 dircet proportion to oxygen
uptake Pco; docs remamn remarkably constant duning steady state esercise
and, by direct measurement, ventifation ordinanly increases in direct pro
portion to oxygen uptahe When extenuating circumstances exist, such a3
hypox '
may
of Pec,
or cniphysema, the reverse may occur '

The relationslup between cardac output and oxygen consumption 15 such
that 1f a proportional increase m each occurred, the saturation of the muxed
venous blood would remain constant In fact, the saturation of the mned
venous blood decreases during exeraise because blood flow fails to mcrease
m proportion to oxygen uptake Cardiac output at any gnen oxygen con
sumption must be adequate to heep the mixed venous blood saturation
above some mumum tolerable value

The mannrer in which hoting factors come mto play can be scen by
considenng ncreasing grades of work starting from no work at all Under
basa) conditions oxygen uptake 15 only about 250 ml per munute, and yen
tlation of only about 6 hiers per munute a5 adequate b mantam a Peo.
of 4gomm Hg With a cardiac output of 5 hiters per minute the saturation of
the mixed venous blood 1s approximately 70 percent This 1s the condition
of minmal stress on the venhilatory and circulatory systems

Most normal people can accomphsh an oxygen consumption of 2 hters
per minute withont undue stress on the oxygen transport system At this
level of work the venhlation nises to about 5o liters per mnute, the Peoz
remains at 4o mm Hg, and the cardiac output reaches about zo hiters per
munute From the 1sopleths m the nght hand quadrant 1t can be seen that
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the mixed venous blood has a saturation of about 45 percent Nesther ven
tilation nor circulation has reached 1ts upper lumit

An oxygen uptake of 3 5 liters per munute 15 rcached only dunng very
hard work Most normal men, not i traming, would have difficulty m
mamtaimng this grade of work long enough to reach a steads state The
necessary ventilation for a Peo; of 4o mm Hg 15 about 88 hters per mimute
Not infrequently ventilation disproportionately dunng exhausting
excraise, with lowenng of Peo» With a value of 25 hiters per mimute for
cardiac output, the mixed venous blood saturation would be about 25 per
cent

The highest values for oxygen consumption which to cur hnowledge have
ever been recorded are for the cross-country shuer, S Jemberg (7) His
oxygen uptake was 588 hters per mmute and ventilabon 136 liters per
mmute \When these two values are plotted mn the left hand quadrant of
Fig 91 they meet at a Pco, value of 40 mm Hg The oxygen cost of breath
wg based on the curve 1 Fig 93, would have been very tugh at a ventila
tion rate of 146 hiters per minute, the slope of the oxygen cost cune bemng
steeper than that of the isopleth for Peo; = 40 For reasons which will be
discussed below, tlus would have becn an untenable situation Jernberg s
maximum breathing capacity must have been higher and his oxygen cost of
br(:ithmg at a gnen level of ventilabon lower than that indicated by the
cross hatched area His cune may well have coresponded more closely to

\

blood would have been zero (unless the oxygen capacity of the blood was
higher than zo volumes percent) It 1s not unhhely that his cardiac output
reached 35 Iiters per minute—a value which would hase gnen hum 2 mived
venous blood saturation of about 10 percent In any case it 15 certamn that his
cardiac output evceeded the 25 hters per minute which we have assumed to
be maximal for a normal man Jembergs pulse rate was 179 beats per
minute which at a cardiac output of 35 hters per minute gnes a stroke
volume of just under 200 ml per beat

FACTORS LIMITING THE SUPPLY OF OXYGEN
TO EXERCISING MUSCLES

The ovygen transport system appears to be ke 3w ell designed machmne
that none of the parts normally has a functional hmat which 15 much above
o below the others Howener, the stress on different parts of the system
vanes with different types of exeraise and with different partial pressurcs of
oxygen n the wmspired air and there are vanations betwcen different normal
people i the function of the different parts of the system In discase states
these differences may be greatly accentuated For these reasons any discus
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sion of the factors miting the supply of ovygen to the exeraising muscles
must be qualified There 15 nevertheless evidence for the rather surpnsing
statement that neither the heart nor the lungs 1s the hmiting factor in the
healthy well tramed person

Let us first attempt to show from relationships m Fig g 1 why the lungs
appear to be exoncrated The amount of oxygen supplied to the muscles
may be tahen as the difference between the total oxygen uptake and the
oxygen cost of tissuc maintenance and ovygen transport, represented by the
curved broken lines near the bottom of each quadrant The largest amount
of oxigen which the arculatory system could concenably transpost {with
out changing the basic assumptions on which Tig g1 was constructed) 15
wdentified by the mtersection of a vertical ine representing 25 litcrs per min
ute of cardiac output and the oblique line representing a mixed s cnous blood
oxygen saturation of zero These hines at a pont rep ting an
onygen uptake of 4 8 liters per minute A honzontal line through this point
mterscets the wsopleth for Peo: = 40 at a pomt representing a venhilation
tate of 120 liters per munute I, at 120 liters per minute, the brolen cune
representmg the oxygen cost of tissue maintenance and oxygen transport had
a slope equal to or more sertical than, that of the 1sopleth for Pco: = 40,
the supply of oxygen to the muscles would be hmited by the rapidly nsing
cost of tissue mantenance and ovygen transport, 1¢, further mcrease mn
venttlation would not be associated wath further increase m the supply of
owgen to the muscles Howeser as drawn m Fig 91, the broken cune m
the left hand quadrant 1s less vertrcal than the isopleth for Peoy = 40 8t 2
ventilatbion rate of 120 liters per minute, and further mcrease m ventilahon
would thercfore be associated with further increase m the supply of oxygen
to the muscles The lungs would not have teached their effectie funchional
limt cven though the cardiac output had reached sts it

As a consequence of hypoua, acidosis or other stimuly, ventilation dunng
strenuous cxercise often increases enongh to reduce arterral Pcog below
40 mm Hg If under the hypothetical conditions being considered, Pcoz
dropped to 30 1n association with a Voz of 4 8 liters per nunute, a venbilation
tate of 160 hters per minute would be required (Fig 91 or Equation 3) At
s Tugh value of ventilation the slope of the broken cune (oxygen cost
of tissue mamtenance and ovygen transport) would presumably be stecper
than that of the 1sopleth for Peo, = 30 Accordingly the point of dymumuslung
returns would have been reached with respect to the amount of oxjgen
available to the muscles, and the oxygen cost of breathing, which at this
pomt would dominate the total cost of tissue maintenance and ovygen
transport, could reasonably be considered the lumting factor

Durect measurements of ventilation during strenuous exercise have not, 1n
our expenence, yielded values for ventilation Tugher than 120 hters per min
ute At this pomt the broken cune m Fig 9115 considerably less steep than
the 1sopleth for Pco; = 4o and somewhat less steep than the 1sopleth for
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Peoz = 30 Thus, unless we have underestimated the cost of oxygen transport
or the amount of ventilation assoctated with maximal exertion, the supply
of oxygen to the muscles 15 not ordinanly liumted by ventilatory function

It would appear from the above discussion that circulatory, rather than
pulmonary, function himts the supply of oxygen to exeraising muscles, but
this should not be construed as meaning that cardrac function 1s the hmiting
factor Astrand presents some cogent reasoning which leads hum to beheve
that ‘the capacaty of the heart muscle to mcrease the cardiac output 1s greater
than the ability of the sheletal muscle to recene 1t at least in exercise where
only parts of the muscular mass are working eg 1 running (7) This
concept 15 based on evidence that oxygen mntake 1s lower dunng maximal
work with the arms than 1t 15 dunng work with the legs, and lower dunng
maximal worl with the legs alone than dunng work with the legs and arms
combined Exercising muscles are powerful pumps helpmg to return venous
bloed to the heart and 1t appears that an important factor m cardiac output
1s the number of pumps m action The ability of the muscles to recene
blood may be virtually synonymous with their ability to return blood to the
heart In any case, 1t scems not unlikely that peripheral vascular mechanisms,
rather than the heartatself ordinanly hmit blood flow dunng exercise

The oxygen cost of breathing may it the exercise tolerance of patients
1 whom the work of breathing 1s greatly increased (oxygen cost cune much
steeper than normal) Direct measurement of Pco, dunng esercise i pa
tients with ainvay obstruction indrcates that these patients adapt to the m
creased ventilatory stress by breathing less m relation to total carbon dioxide
output, with resultant mcrease 1 Pco. It 1s apparent from Fig g1 that
moze orygen 15 thereby made available to the muscles (The distance from
the broken oxygen cost curve to the isopleth representing a Pcos of 50 15
greater than the distance to the isopleth representing a Pco; of 40 ) The
price, 1n physiol 1 terms, 15 resp y acidosts and an associated reduc
tion m alyeolar and artenal Po, If, as is often the case mn disease states,
the ratio of dead space to tidal volume should merease along with the m
crease i the work of breathing, all the 1sopleths on the left side of the
figure would assume a more honzontal slope, the oxygen supplied to the
muscles at any gnen level of ventilation would be reduced, and the man
mum supply of axygen would be reached at a lower level of ventilation

On the nght side of Fig 91 the possible ways of himiting the supply of
oxygen to the muscles can be seen to mclude elevation of the oxggen cost
curve, lowenng of the mmed venous blood isopleths, and himitation of car
diac output Theoretically the broken hne representing the sum of the oxy
gen costs of hissue mamntenance and oxygen transpost might, in disease statcs,
have 2 slope equal to or greater than that of the ssopleth representing the
mmimum tolerable value for mixed venous blood saturation The mixed
venous blood 1sopleths would assume a more honzontal position if for any
reason the artenal oaygen saturation should be less than the 95 percent, or
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the oxyaen capaaty of the blood less than the 20 volumes percent assumed
1 constructing Tig 91 Frnally, the cardiac output might be Tinted exther
by farlure of vcnous return or, mn discase states, by mabthty of the heart to
merease 1ts output

The extent to which the heart and lungs can subshitute for one another
when the function of erther 1s mmparred can be visualized by constructing
graphs comparable to Fig g1 1 which any desired changes m the exygen
cost curtcs, m the ratios of ventilation to cnculation, and i the stopes of the
wopleths are made The high cardiac output of the emphysematous patient
and the Ingh ventilahon of the cardiac pitient probably mcrease the amount
of oxvgen available for physical exercise although 1t cannot be assumed that
these adjustments necessanly achicve the best possible compromise Even
among normal people there aie wide vanations in the ratio of ventilabon
to cardiac output dunng cxercise It 15 not unhikely that physical traming may
alter this rahio

The subject of linutng factors, as deduced from Tig 91, can be sum
manzed as follows m considenng the possibility that the oxygen cost of
beeathg or the owvgen cost of pumping blood may be nting the supply
of ovygen to the muscles one must consider the slope of the curve formed

the pomnt of dummshing retumns for ventrlation and the vrapldly mereasing

the slope of the curve of the two together i relation to the s](;pes of the
appropuate 1sopleths for Peo, and §s

Contror oF Broatimg Durine Lxcacssr

Gray 1 Ius study of pulmonary ventilabion and ats regulation, develops
the mulhpl'c hctor'thcor) and gnies equations definmg the partial cffects
- B ~ -

produced by muscular contractions and acting (hrougl:thennurcccptors 5
suggested as a factor of possible mportance, but Gray has msufficient ¥
dence to estabhish the pomnt
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Cotes
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mfluences the venhlation indirectly via its effect on these two vanables’
(8) While there 1s no doubt that an mncrease m body temperature 15 asso-
ciated with an increase i yventilahon, whether at rest or dunng excrese, 1t
seems unlikely that this effect, coupled wath artenal Peos, 15 adequate to ac
count for all the increase m ventilation dunng exercse (See addendum,
P 175)

The ventlatory response m man durmg the fisst 15 seconds of esercise,
under conditions which precluded any sigmificant effect from esther arteral
Pooy or body temperature, was recently reported by Dejours, et al (12)
Their findings eatend the fundamental demonstration of Harnson, Cal
houn, and Harnson 1n the dog that nerous stimul: brought about by active
or passive mosement of muscles cause an immediate ncrease m ventilation
(:6)

A reduction 1n ventilation occurs on moderate or strenuous exercise if
50-100 percent oxygen 15 added to the inspired gas Ths oft repeated finding
has led to the theory that artenal hyposemia occurs m severe exercise and
causes a further nise m venhlation when other respiratory stimul are maw
mally active (21) In support of this theory reference 1s made to direct meas
urements on the blood of Riley, whose artenal oxygen tension dropped from
94 mm Hg at rest to 73 dunng strenuous treadmill exercise (24) Ruley ap
pears to be unusual in this respect since reduction m artenal oxygen tension
15 not the expected response m normal people

In addition to mechamsms for controlling breathing dunng moderate
Physical exercise, there are probably reflexes which prevent excessive changes
m 1ntrathoracic pressure under eatreme conditions Campbell discusses this
pont 1 hus book on the resprratory muscles (6), and the 1dea 1s consistent
with the finding of Marshall, Stone, and Chnstie that the negatvity of intra
thoracie pressure dunng mavimum exertion reaches a peak value which 1s ap-
proximately the same 1n healthy people and 1n patents with obstructne
disease (22)

There 15 recent evidence that ventilatory responses may be depressed by
clevation of the hematocnt (1.4) or shmulated by noradrenalne (15) Spe
afic chemoreceptors m the muscles which respond to local metabolic change
by stimulating the respuatory centers 1 the bran have not been demon
strated conclusively, nor have chemoreceptors bathed by mned venous
blood from the pulmonary astery

Mecuanics oF Breatumne Durine Exercise

Campbell presents clectromyographic eudcnce that ncreased venbilation
d pnmanly by d actvity of the nsg y mus

cles ‘This leads to ncreased distension of the Tungs and greater elastic recoil
duning exprration Dunng quiet breathing and at rates up to about 50 liters
per minute, the mspxmtory actinity of the draphragm and intercostals dom
nates the picture “Dunng expiation there 1s some persistence of the con
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trachion of the mspiratory muscles particularly early m exprration No mus
cles of expwation ate coustantly active Between so and o0 1/mm
the st tosds and the of the vertebral column come imnto ac
hon towards the end of inspiration The antero lateral abdomunal and anter
)
.

Mav v ° R

Dysenea

The feehng of shortness of breath 15 difficult to define i physiological
terms because of 1ts subjective nature Dyspnea appears to be related more
to mechanical than to chenucal factors Coumand and Richards, studying
patients with cardiac or pulmonary discase found 1t to be related both to
reduction m ventilatory capacity and to mcrease in respiratory strmulus and
ventilatory worh (2930) Marshall, Stone, and Chnstie mtroduced the
concept of peak negatinity of itrapulmonary pressure (22), which leads to
the suggestion that reflexes related to pressure gradients across the pulmo
naty and vascular structures within the thorax may contnbute to the sensa
tion of dyspnea 1t has been noted that the oxygen cost of breathung at very
Ingh rates may be so high that a further increment 1n ventilaion reduccs,
rather than increases the amount of oxygen available to the muscles (31}
The frustration of the control mechanisms under this unusual circumstance
may have as its conscious expression the feeling of dyspnea Dinally, there
seems httle doubt that the anguish of extreme fatigue may be difficult to
distinguish. from, or may indeed be part of the picture of, true dysprea
Here the patient with circulatory falure gives a clue for the madequacy of
blood flow m relation to bohism bles that of the ex} d athlete
The work mvolved in talung a breath may seem overwhelming and may be
called quite truthfully, labored breathung We conclude that dyspnea 15 3
compheated symptom whose precise definition eludes us

PurLntonary CIRCULATION

A number of workers hase measured pulmonary artery pressure dunng
physical exercase and found that ot increases only a few mm Hg above the
mean restng value of about 15 mm g until the fow reaches appmxlmaldy
three times the resting minute volume (16) At a still hugher Bow rates the
pulmonary artery pressure mnereases much moare sharply (17) Whle there
are disagreements as to the exact quantitative relationship between flow and
pressure, this pattern 15 gencrally accepted 1t implies that pulmonary 13§
cular d progy ly until the resting flow rate 1s approx:
mately tupled and that resistance thereafter temams relatuely constant
This 1 tupn smphes that the vascular system approaches the humt of ats dis
tensibility when the cardiac output tnples
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Certain features of the behavior of the small pulmonary artenes can be
mferred from the relationship betw een pressure and flow Pressure would be
expected to remain relatively constant at increasing flow rates if, as pressure
began to increase, previously closed vessels opened, thereby increasing the
total cross section of the vascular bed and minimazing the mcrease m pres
sure Complete closure of small arteries except when transmural pressure
exceeds a certain entical value would be consistent with Buston s concept
of cntical closing pressure (18) Presumably the vessels most likely to be
closed would be those at the top of the lung (i the upnght posture) be
cause here the contnbution of gravity to the transmural pressure gradient 15
nunumal

The behavior of the pulmonary capillanes can be studied from a number
of different physiological approaches Capillary pressure can be estrmated by
wedging a catheter into a small artery, and pressure m capillanes above and
below this level can be inferred on the basis of hydrostatic considerations
Pulmonary capillary pressure at the level of the nght auncle 1s normally
about 11 mm Hg The volume of blood m the pulmonary capillanes, as
estumated by Roughton from studies with carbon monoside, 1s approxumately
6o ml at rest, increasing to about 95 ml dunng exercise {30) Roughton
also estimates that the time required for red blood cells to traverse the pulmo
nary capallary changes from o 75 seconds at rest to o 34 seconds duning exer
ase The size of the capillary bed particaipating 1n gas exchange can be te-
lated to the pulmonary diffusing capacsty Findings with different diffusing
capacity methods all suggest that the active capillary bed increases with exer
cise (see below)

Although exp tal evid related specifically to the pul y
enous system 1s sparse, 1t can be d with
basic hemodynamic prnciples that the mean arculatory flling pressure of
the pulmonary vascular system increases with exercise (z0) In the greater
crculation, and presumably in the lesser, the mean cuculatory filling pres
sure 15 domimated by condihons existing m the vemns An increased pressure
contnibutes to increased venous return to the left side of the heart and hence
to the increased cardiac output accompanying exercise In association with
mereased venous filling pressure there is probably an increased volume of
blood 1n the veins durng excreise

DISTRIBUTION OF BLOOD AND GAS
THROUGHOUT THE LUNGS
Smce ior a normal person breathing air at sea level there 15 virtually no
adient at the end of the pulmonary
capxllanes, the entire difference mn oxygen tension between the mned ex
prred gas and the artenal blood can be attnibuted to the manner i which
blood and gas are distnbuted i the lungs and airways A major part of this
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discrepancy 1n oxygen tension anses out of the admixture of dead space gas
to alveolar gas The anatonne dead space, which 15 bounded for the most
part by compliant structures, increases with lung volume (21), and to the
extent that the peak of mspmation reaches a higher lung volume dunng
exeraise, the dead space When the arterial Peog 15
substituted for alveolar Peos 1n the calculation of dead space by the Bohr
equation, a different dead space results which s larger than the anatomic
dead space because 1t imcludes contnbutions resulting from uneven distiibu
tion of blood and gas throughout the alveolt (22) This dead space Likewise
shows an ncrease dunng exercise, although the ratio of dead space to tidal
volume stays the same or decreases The so-called venous admixture” refers
to blood which by passes the alveoli or passes through nomventilated of
poerly ventilated regions (22) Thus value increases i absolute amount dur
mg excreise but the ratio of venous admnture to total blood flow usually
stays the same or decreases The alveolar oxygen tension ordnanly increases
a httle dunng excreise, largely because of the increase in the CO_0g cx

venhlated areas are unpredictable Emphysematous pat:ents, for u;;mple,
may show either an increase or a decrcase in the artersal oxygen tension with
everaise, mdicabing ether improsement or further impawrment 1n the distn
bution of blood and gas throughout the lungs

ALVEOLAR CAPILLARY Drrrusion

There 15 general agreement that the diffusy
creases during physical exereise There our a
amount of the increase and the shape of the graph of diffusing capacity vs
oxygen uptake differ when investigated by different methods (25,26) Tt
enough for purposes of the present discussion 1o stafe that the diffusing
capacity dunng exercise at sea level mcreases cnough to permit a close ap-
proumation of the oxygen tension m the aheolar gas to that in the bleod
Icaving the alveolar capillanes The ability to perform physteal exercise 35
thus not normally Linited by inadequat pul d capaaty
m the case of senhilation and blood flow, however, the maxllgnum capacity

of the average normal person with Tespect to diffusion would be madeguate
for the supenior athlete

Fig 92, prepared by Dr Richard H Shepard,
relationships very dramatically (32) It can be see
for diffusing capaaity the OXygen saturation of the blood leaving the aheolar
capillanies 1s very httle affected by nereasing oxygen consumption until 2
cntical pomnt 1s rcached When the OXygen consumption increases beyond
this pomt, the oxygen saturation of the blood drops precipitously Direct
mcasurements of the oxygen saturation of the artenal blood show that the

ng capacity of the lung n
greement ends, because the

llustrates some of these
n that at any gnen value
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normal person exercising at
sea level cannot increase his
oxgen consumphion enough
to cause unsaturation of lus
artenal blood From mspec
tion of Fig g 2, 1t seems likely
that the shier Jernberg, whose
ovygen  consumption  ap
proached 6 hiters per minute,
had a pulmenarv diffusing ca
pacity in the range of 100
No discussion of diffusion 15
complete without reference to
the amazing achiesements of
mountain chmbers It 15 now
well recogmzed that the diffu
swon gradient at the end of
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Fic 92 Relationships between the oxygen
saturation of the blood leaving the aheolar
capillanes (Sc O ), total oxygen consumption
(VO.), and diffusing capacsty (DO) When,
for any gnen salue of DO, VO exceeds a
certain critical value SO, drops precipitously
(Prepared from calculations by Dr R H Shep

the alveolar capillary 15 much ard)

larger at low levels of ambient oxygen tension than at sea level and that at
low ambient onygen tension the diffusing capacity has a much more impor
tant effect upon the artenal oxygen saturation (24) Calculations mdicate
that a large diffusing capacity 1s necded to prevent extreme hyposemia when
the oxygen uptake 15 mereased at high altitude To the extent that hypoxia
resulting from inadequate diffusing capacity limits the abihty to perform
physical exercise at high aliitude, st may be said that exercise tolerance 15
“diffusion hmited ”

ADDLNDUM

There 15 now considerable evidence that ventilation 15 stimulated dunng
exeraise by a pow crful chemorcfiex imolving nen e endings bathed by mied
venous blood Preliminary studies i this laboratory (Johns Hoplins Hosps
tal, Baltimore) suggest that the receptor arca 1s m closc relation to the first
portion of the pulmonary artery
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The Cardwovascular System in Muscular Activily

SUMMARY

Dunng muscular actnvity oxygen must be supphed by the blood to the
working muscles 1 proportion to thew requirements, and carbon dioxide
and heat produced by d metabohsm must be dissipated I order 10
do so the cardiac output mcreases and blood flow 1s redistnbuted so that an
adequate amount reaches the actn e muscles and the skin With submaxinial
exertion, oxygen consumption and cardiac output can be mamntaned at d

steady state for long peniods, but durnng maxmmum effort oxygett €on
sumption reackes an upper lumst and the muscles draw heavily upon anaero
be p, , under these dit exercise cannot be mamntamed for long
Maximum oxygen consumption mdy depend i most indn iduals on hmila
tions of total cardiac output or blood flow to the exercising muscles The
return of the cardiovascular system to the pre exercise level 15 determned by
the exercise performed and by the heat load produced by muscular sctnaty
and the envwonment Age, sex, and fitness influence quantitatnely the
cardiovascular reactions to exercise Because of the importance of cardioyds
cular adaptations durng lar actnity, the circulatory responses of the
wndividual play an umportant part 1n determuning hus athletic abihity

INTRODUCTION

One of the most important physiological changes produced by muscular
activity 1s an increase m blood airculation to the exeraising muscles 1k 18 an
essential ph because 3f ciscul to the muscles does not In¢reass,
muscular contractions cannot be sustaned for any sigmificant length of tune
and conscquently exercise must stop The mereased circulation 15 needed for
several reasons to supply more matenals, chiefly oxygen, to the muscles as
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sources of energy for the contractions, to rcmove waste products, such as
catbon dioxide and lactic acid, which otherwise would rapidly accumulate
and mmpair muscle function, and to permut a greater dissipation of heat pro
duced by muscular actisity Escept for small and localized movements 1
volving only a few muscles, the total output of the heart must mcrease
duning esercise this presentation will be concerned with cardiovascular
Tesponses to moderate or heavy exeraise myvolving most of the major muscle
groups

Adaptations of the cardiovascular system to muscular achvity have been
extensiely studied and the action of many factors has been 1 estigated 1n
ammals, frequently by means of radical expenimental procedures In intact
orgamisms, parheularly m man, research 15 hmited by the techmques that
can be used without imparming the subject s health or his pesformance This
fact reduces substantially the number of observations made directly on men
dunng and after exercise

Recent papers and reviews discuss the complex factors goverming cardio
vascular function Stace 1t would be impossible to summanze all of them
within the scope of this chapler, the nterested reader 1s referred to the
bibliography This presentation 15 imited to a descuption of the cardiovas
cular reactions of healthy man to muscular activity without systematically
trying to explam the mechamisms mvolved It should be realized that because
of lack of mformation the overall picture remains mcomplete

For the sake of clanty the metabolic requirements and the arculatory
adjustments necessary to meet them dunng exercise are first considered A
second patt presents buefly the cardiovascular responses to exercise as m
fluenced by age sex and individual fitness The effects on the circulation of
cnvironment acclimatization and tramng are discussed 1n other chapters

CIRCULATQORY REQUIREMENTS DURING EXERCISDC

Atropic VERsUs ANAEROBIC MuscuLaR CONTRACTIONS

The changes that take place m the contraching muscles and therr sequire
ments for performing work determine the cham of events occurnng 1n the

r
Normally the energy of muscular contraction comes from the oxidation of
glycogen® to carbon diouide and water, oxygen 18 not sndispensable for con
traction itself butat s necessary for the recovery phase

According to currently accepted theories the chemical changes accom

 Other sources of energy (eg fat) may be oudized also but for the sale of smphaty
only glycogen will be considesed here
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panymng the contraction of muscle protems can be presented m simphfied
form as follows

Duning contraction the mechanical shortening of the muscle fibers 1s re
Jated to the breakdown of adenosime tuphosphate into adenosme diphos
phate and phosphonc aaid with the Iberation of encrgy and heat This re
action 15 followed by the breakdown of creatine phosphate into creatine and
phosplionc acid, accompanied by the resynthests of adenosine triphosphate

Diacrant oF CHEMicAL CHANGEs N Muscurar CONTRACTION

1 Adenosine Triphosphate (ATP)
Ad Diphosphate + Phosphonc Aad + Energy for
(ADP) Contraction
z Creating Phosphate + ADP
Creatine + ATP + Energy for
Resynthesis
of ATP
3. Glycogen
Hexose Monophosphates
Hexose Diphosphate
Energy for
Tnose Phosphate Resynthesis
of
Pyravie Aad Creatine
Phosphate

+ O: /' + DPNH, \\ + DPN
HO + €O, Lactic Aad
Aerobsc Anaerobic

DPN = Diphosphopyndine nucleotide (oxidszed )
DPNH, = Diphosphopyndine nucleotide (reduced)

Dunng relaxation glycogen breaks down to water and carbon dioxide with
the consumption of oxygen, or to lactic acid 1 the anacrobic process (sce
diagram) In either case the chan of reactions liberates energy for the 1¢
synthesis of creatine phosphate

When oxygen 1s avaslable 1 an adeguate amount, muscular contractions
are camed out by acrobic processes and little or no Jachic acid 1s formed
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Pyruvic 2aid 15 completely oxdized to carbon dioxtde and water, this final
result bemg reached through a senes of ntermediate reactions controlled by
specific enzymes When oxygen delvery 15 madequate to the demands, ana
erobic processes can substitute 1n part for aerobic and energy can still be
released Under anaerobic conditions lactic acid 15 formed 1n the muscles
and continues to be produced for a short time after the end of contraction,
ats production 15 mdependent of oxygen utihzation When most of the work
15 done anaerobucally, lactic actd may be produced at 2 rate up to 3 to 4 grams
persecond (21)

When exercise stops, lactate continues to escape from the muscles for a

o - -
Recent studies have shown (22) that when blood lactate 1s corrected for
changes 1n pyruvate lesels (which modifies lactate by a mass action effect)
“‘excess” blood lactate after exercise correlates closely with the oxygen debt
The maximum rate of exercise that can be performed depends not only
on the efficiency with which the lungs and arculatory system provide the
working muscles with oxygen (maxmum oxygen consumphion), but also
on the ability of the mdividual to utihze b bolism (e g, maxt
mum production of lactic acid) The degree to which anaerobic processes
are brought into action depends on the level of exerase Muscular work may
be classified 1n terms of oxygen consumption as follows

Light =035 to 10 hiter O. per mmute
Moderate =1 0 to 2 0 liters O. per mmnute
Heavy = greater than 2 o hters O, per mmute

In normal mdividuals undertaking light exercise, oxygen supply 1s ade
quate and keeps pace with the requirements of the muscles Work 1s done
almost completely aerobically with a umform oxygen consumption and the
small amount of pyruvic acid formed 1 the muscles 15 hept constant by a
balance between the rates of formation and removal Lactic acid does not
accumulate 1n the muscles and httle lactate appears in the blood A *steady
state” of oxygen consumptron 15 reached and maintamed throughout the
peniod of muscular actvity

Duning moderate exercise, as long as oxygen supply 1s adequate, a balance
between the breakdown processes and the recovery processes in the muscles
15 reached at a lagher level of oxygen consumption and of pyruvic acid con
centration When the oxygen supply becomes madequate, lactic acid 15
formed and overflows mnto the blood stream Even then, unless the oxygen
supply becomes grossly inadequate, a metabolic steady state can still be
mamtawned, the more severe the exercise, the higher the level of the steady
state of oxygen consumption and of blood lactate concentration

In maximum exercise 1t 1s no longer possible to reach a metabolic steady
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state, bic p become pred, t and lactic acid accumulates
untl the performance stops The ‘ovygen debt” imcurred by anaerobic
metabolism 15 paid dunmg the recovery penod following the performance
Considening that for most indrviduals the total amount of lactic acd that s
tolerable 15 about 9o grams, maximal anaerobic cxertion can last only for
about thirty seconds (23) Lactic acid concentration in the blood, howeser,
does not appear to be the hrmting factor to maximum performance or a
pumary cause of fatigue As noted by Dill et al (16), when half of the oxy
gen debt 15 pard after six to cight miutes of recovery, the capacity for ana
crobic work 1s almost completely restored, at that time the blood lactic acid
may be at its mammum value As mentioned above (22), the corrected
‘excess” blood lactate does correlate with oxygen debt, which may be
considered an index of fatigue

In the preceding paragraphs we have used two concepts that are not al
wass clearly defined, namelv, stcady state’ and “oxygen debt ” Unless spe-
cifically qualified, the cxpression * steady state” can be misleading A steady
state of physiological adjustment 1s reached when all the factors regulabing a
given function are 1n balance and mamtam the function at a constant level
When steady statc refers to oxigen consumption, i1t means that oxygen m
take 15 equal to the ovygen utilized, and body stores of oxygen remamn con
stant On the other hand, a steady state of glycogen stores 1s never achieved
n heavy exercise because the muscles continuously draw upon thesc resenes
Under these conditions a steady state of blood glucose may be reached but at
the expensc of the glycogen storage which 1s constantly reduced Omngmnally
the term  steady state referred to a umform rate of ovygen consumption
(21) Tt 15 often taken for granted that when a uniform rate of oxygen con
sumption 1s mamtained, a steady state also eists for other physiological func
tions, such as pulmonary ventiation, heart rate, body temperature, or blood
pressure Thas 1s defimtely not the case For example, oxygen consumption
can be mamtamed m a steady state throughont the excreise period, but a
contmuous increase of heart rate and cardiac output may be observed be

cause of a | c latory Teq for heat dissipation Fig 101
gnes an example of this phenomenon Similarly dunng a steady state of
oxgen ¢ ption the ther gulating h may not be able to

maintam a thermal stcady state and body temperature will nise Tt 1s there
fore essential when using the expression “steady state” to mdicate to what
phsiological function or functions 1t applies

The oxygen debt refers to the extent to which anacrobic Processes Were
utilized to achicve the performance When exercise myolving anaerobic proc
esses n the muscles stops, the consumption of oxygen remams at an mn
creased level dunng the recovery peniod The value of the debt 15 the amount
of oxygen consumed above the resting level between the end of exercise
and the retum to the resting Ievel of ovygen consumption The fact that the
oxygen debt has been paid and that oxygen consumption has retumed to its
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work (540 kgm /mun ) follaucd by a 4 munute peniod of maximum work (oo
kgm fmun ) Although a steady state of oxygen consumption was reached at the
lower load 1 both emywonments the heart mte continued to mcrease par

ticularly with the hot wet Ony, d rapidly
after work, to the resting lesel but eren afler an hour the Iwart rate did not
recover, p bly because of an d skin blood flow

Testing level does not necessanly mean that the recovery processes are com
Plete In many instances heart rate, for example, can remain above resting
levels long after ovygen consumption has retumed to 1its resting rate (Fig
101)

StEPs ™ OX3GEN UTILIZATION

‘When heavy demands are made to supply oxygen to the muscles and to
ehmmate carbon dioxide, the cardiopulmonary system must operate ade
quately through a senies of physiological steps

The first step 1 the process mvolves the drawmg n of environmental air
to be mued with the Jung gases This step mvolves 2 mechanical deforma
tion of the lungs produced by the respitatory muscles dunng mspiration and
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expiration The most tmportant req| of this mech, 1 process are
first, the nspired gas should be distubuted uniformly to the terminal units

- > ot
by the respiratory muscles

The second step i gas transport myolves diffusion of oxygen from the gas
phase into the blood and diffusion of carbon dioxide from the blood into
the gas phase Many complex physicochemical properhes of blood and tissues
are nmportant m transfer of gas to the pulmonary blood, just as they are when
oy gen 15 exchanged for carbon dioxde in the muscles, and a detmled discus
ston will not be undertaken here Important factors determmimg the capabil
1ty of the individual m this process are the area of the lung surface, the bar
ner to diffusion offered by the lung tissues, the rate at which hemoglobin 15
carned by the blood past the lung surface, and the completeness with which
the blood 15 exposed to the lung gases *

The third step 15 related to the veloaty of blood flow produced by the
heart, acting as a pump and to the mechanisms, generally reflex, which regu
late the distribution of blood to the vanous organs The capacity of the
blood to transport oxygen 1s determined almost entirely by the total concen
tration of hemoglobm in the red cells ‘Thus the only two ways by which
more oxygen can be carned to any hissue 1s by mncreasing the flow of blood
or by a greater extraction of oxygen from the blood Both of these mecha
nisms are important dunng exercise 1t should be realized that the demands
made by the muscles for mncreased blood flow are not the sole determnants
of circulatory requuzements dunng exercise, smce the blood supply to wital
organs such as the bram must be d dless of the Jatory de-
mands clsewhere Moreover, as heat production increases, the curculation to
the slan must increase to provide for cooling

The fourth step m the transport of gases mvolves diffusion from the blood
wmto the muscles where oxygen 15 utlized for energy production, and diffe
ston of carbon dioxide from the museles into the blood to retumn 1t to the
lungs for excretton The important factors in this aspect of gas transfer are
largely unknown but probably include the capillary circulation per unit of
muscle mass, the effects of muscle contraction and relaxation on the blood
flow, and the diffuston gradients required to produce the necessacy flow of
gas 1nto or out of the muscle

The final step 1 oxygen utihization 1s determined by the rate of transfer
of oxygen from the free molecular state toats 1on 10 the oxidized
molecules The affimty for osygen of the enz;mgs responsible for these
transfers appears to be so hugh (12) that their rate of uptake 1s unaffected
unless the concentration of oxygen fails to very low levels To describe the

2 The mfuence of changes in the pulmonary diffusion capacity * on exercise tolesance
15 discussed in the chapter on respiration

o s1
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process occurmnng at low oxjgen concentrations by the term ‘anacrobic
metabahswm” 15 perhaps unfostunate, for m fact Iactic acid production oceurs
alongside ouidative breakdown of pyruvate when oxdation potential 1a the
tissues falls The relative amount of dactic acid produced depends on the
cffect of the oudation potential on the DPN ondation reduction equ
hbrium

The abose presentation has outlined the oxygen and carbon dionide ex
changes in healthy man At any of the above steps the ouidatne capacaty of
the system may become hmuted by disease It 15 only when all these physio-
Iogical processes function effectively that an mdwiduat can exescwe at lugh
levels of encrgy expenditure for any length of time Much rescarch has been
done in an attempt ta determume which of the processes cited above limits
the normal wdividual 1 the amount of work he can do without shiftwg
from aerobic to anaerobic metabolism No clearcut answer to this question
has as yet been found, suggesting that a delicate balance of several lumting
factors i all stages of omdatne metabolism ensts at peak levels of exercuse
It 15 quite possible that one or another of these factors may be hauting de
pending on shght differences m the 1 or physiologacal propert
of the individual

In summary, the Tungs must be able to oxygenate the artenal blood effi
ciently, oxygen must be supphied by the blood to the working muscles n pro-
portion to ther requirements, and the muscles must be able to utihze
osygen As lang as the oxygen requirements aze met, muscnlar actnty 1s per
formed aerobically and can last for a long ttme When the ovygen supply 15
no longer adeq bic p humt the perfi ‘The crucial
role of the cardrovascular system i camrying @vygea to the working muscles is
eudent

CARDIOVASCULAR ADAPTATION 70 ExERcisy

Some of the arculatory changes required by exercsse have been buefly
outhned 1 the preceding section we shall sow proceed to consider them
1n greater detml

Cardiae Output  The most smporfant phenomenon 1 cardiosascular
funchon dunng muscular actyuty 55 the merease i cardsac output, 1¢, the
total volume of blood expelled by the heart per minute This greater out
put 15 achses ed by an ncrease both m the number of heast beats per minute
and sn the volume of blood pumped with cach beat (strole volume} For
exercise of short duration (up to five munutes) the relation between cardiac
output and excresse Jevel, as d by axygen 3 per mnute,
15 showss schematically s Fig 102 For a tenfold mczease m oxygen con
sumption, the cardiac output mereases about fise times This nerease 15
produced by direct nervous and humoral effects on the heart itself and by a
greater retuen of blood to the heart from the penphers! arculation The
telative smportance of these two factors on the heart and the mechamsms
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which mfuence them are not fully understood at present, but it 1s probable
that the nervous and humoral regulations arc of major mportance, acting
both on the heart rate and on the strength of contraction of the heart muscle

Heart Rate and Stroke Volume  The cardiac output equals the heart rate
(beats/min ) tumes the stroke volume (hiters/beat) It alse equals the oxy
gen consumption (c¢ /mimn ) divided by the mean arteniovenous (A V) oxy
gen difference (cc /hiter)

Tatal oxygen consumption
t = =
Cardiac output = Heart rate X Strole volume Nfean A V ovjgen difference

Consequently the total ovygen consumphion equals the product of the heart
rate tmes stroke volume
In Exerc so tumes mean AV oxygen dif
ference A presentation of
Steady-Stale Vatses For the changes i these ‘an
Short Pe ods Of Exerc s ables duning exercise 1s given
m Fig 102
At an oxygen consumption
greater than 1 liter per mn
ute the AV oxygen differ
ence and the stroke volume
are reasonably constant for
any gnen subject, although
considerable differences cst
between ndividuals m ther
absolute levels This con
stancy accounts for the di
rect relabon found between
heart rate and cardac out
put or evygen consumphion
dunng excreise at moderate
Ligh  Modsrale Heavy ambient temperature
swrcivebeEroeise ot Exere oy Modifications of heart rate
! z 3 and stroke volume are about
equal in producing the
Fic 102 Relatne changes (rest=1) i creased cardiac output dur
cardiovascular responses as a function of wm G evercise (Fyg 102) The
tensity of work {oxygen consumption) With stroke volume at rest 1ames
ﬁi?:t excm:el ;hangestm su;:ke volume of the considerably mn the same
account for maost of
diwe output, with lxemf;xeerc,z’;ecmg}sxi '?trcz;‘;:re subjct, and it also dcpcnds
solume becomes relatwvely constant and the OO the posture of the mds
cardiac output 15 proporironal to heart rate  v'dual, bemg about 30 per
These selatvve changes apply only after cardio-  €¢nt smaller i the standing
vascular responses reach steady salues than 1n the supme position

Change  (Rest=l)
w

~

Refol va

Oxygen Consumption
Limin
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For a standing male subject the strohe volume 15 abost 6o to 8o cc per beat
Because of the smaller size of the heart m women, ther stroke volume 15
lower and their hieart rate about 20 percent higher than for men at equal ony
gen consumption The strole yolume doubles or tnples dunng moderate or
severe exeraise, and this nse m stroke volume 15 not associated with 3 con
sistent increase m the size of the heart dunng distole Roentgenographe evt
dence suggests that the mereased stroke volume 13 due to a greater emplying
of the heart with cach beat rather than to a greater dustolic fillng, but it
should be recognized that this pomt 1 still controversial and the evidence 15
Targely indirect (2) The mereased stroke volume smphes a greater vigor of
contraction of the heart muscle, mediated 1 part at least by nenous and
hormonal actions on the heast

At rest the heart rate 1s apt to be quite vanable depending not only
upon posture but on the emotional state of the ndnidual Usually 1n ath
lene contests the heart rate nses before cvercise has begun and this faster
heart rate may be assoctated with a proportional merease m cardiac output
1t depends on the athlete s anticspation of the coming esercise and suggests
that cardionascular responses dunng exeresse are parthy medated by the cen
tral nervous system The precise degree to which changes m heart whe anse
from nenous mpulses 1 the cerebral cortex or i the modulla oblongata is
uncertain The central role of the medullary centers w regulating all forms
of motor actity suggests that they act as 2 coerdinator of vasomotor, respira
tary, and somatic muscular actnaty Afferent refles stunsads from the auncles
and great vessels and from the muscles themsehes may also be inportant
m praducing the changes m heart rate, a5 well as the hiberation of epmeph
e and norepinephrine from the adrenal medulla

As soon as muscular achaty begms, the heart rate quickhy nses As the
heart rate screases dusing exereise, the fraction of each cardiac ervcle devoted
to systole mereases shghtly and the fraction devoted to dustole decreases
The short diastohc mteral amvalable for fithng 15 apparenth not of great
physiological sgmificance, however Since no clearcut evidence has been
obtaned that stroke volume falls off at verv fast pulse rates produced by
heavy exerctse {3) Heart rates greater than 200 beats per minwte have been
recarded 1 subjects drving themsehves to very high levels of performance,
but under usual conditions dunng hard excrose the heart rate nereases up
trabout two and one-half times the restiag ralue

When excrcise stops, the heart wate for a few scoonds 15 very close to
the maumum attained at the end of exercise Then recovery takes place and
the behavior of the heart sate 15 determmed by the precedng exercise
and the envisonmental candibons (Fig 101)

Changes @ Blood Pressure, the Venous Return of Blood o the Heart
The airculatory changes durmg exercise ase bronght about with enly a shgly
rise sn the mean blood pressure measured 10 the central artenes of the sy
temie crculation For this reason tedistnbution of blood flow from tu



188 LUCIEN BROUIIA AND EDWARD P RADFORD ]R

viscera ta the exeraising muscles and f necessary to the sk mvolves vaso
constrichion i the former and vasodilatation m the latter These reactions
0

1

are [ d via the center n the medulla oblon
gata
Dunng excrase systolic and pulse pressures merease with the work load

while diastolic pressure changes are ms gmificant (Fig 103) When a steady
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blood pressure Ered fz n ¢ ol ,“;,rf,i)k ‘m;.d. dmitil;sh(iow" ;,-ueres)
0 ¢r tle brachial artery Same experiments as sho n 11 Fig 101 except that a
third emronment (hot dry 99°F and 25% RH) 15 dlso mcluded

state of oxygen consumption 1s reached blood pressure rema nis at a constant
f

half as much as the systolic pressure and 1 most lypZS of exercase 1t 38
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reasonable to say that 1t does not increase by more than 10 or zo mm of
mercury

Pressure changes 1n other parts of the greater circulation such as the capil
Tanes and vems vary depending on location These changes have not been
measured 1n most cases and can only be inferred from local hemodynamic
changes known to be produced by exercise For example, in relatively mert
capillaty beds, as 1 the bram lttle effect of exercise should be expected
In capillary beds which show vasodilatation such as i the sk, both capillary
and venous pressures nse In the active muscles the pressure changes m
capillanes and vemns are compl d by the sq1 g effect of l
contraction on these vessels As the muscles contract, the resistance nses
m the capillanes and the blood flow presumably falls At the same time the
deep vens adjacent to the muscles are emptied, and because of the venous
valves, the blood 1s forced toward the heart In this way the contracting mus
cles act as an ausiliary errculatory pump ( muscle pump ) assisting the re
turn of blood to the heart The importance of this pumping action of the
muscles depends on the type of exercise in runmng 1t undoubtedly serves an
essential ciculatory role by preventing pooling of blood m the leg veins

Another aualiary pumping mechanism assists the return of blood to the
heart and modifies the pressure m the central vems As pulmonary ventila
hion increases dunng excraise, the mean mtrathoracic pressure becomes
more negative and, as the abdominal muscles become active the mtra ab
dommnal pressure increases dunng espiration These pressures are probably
transmutted almost completely to the thin walled veins and thus a pressure
gradient promoting venous flow mto the thorax 1s estabhished The mmpor
tance of this ‘respiratory pump on the arculation also depends on the
type of exercise For example, dunng running 1t undoubtedly assists the e
tumn of blood to the heart, but m rowing 1if the gloths 15 closed dunng the
stroke, the intrathoracic pressure nses with the abdomunal pressure and
venous return of blood from the extremities 15 nhibited rather than pro
moted

The effects of exercise on the pressures m the pulmonary circulation are
less complex than for the greater circulatton Normally pulmonary vascular
pressures and resistance are low and changes are difficult to evaluate When
pul Y P are d relative to the mean mtrathoracic pres
sute, the mean pulmonary artenal pressure nses moderately durng heavy
work and the greatly increased blood flow 1s accounted for by a fall m resist
ance in the pulmonary circulation The output of the night and left ventnicles
1s mamtamed m close balance, but the estent to which the blood volume
n the lungs changes dunng exercise remains uncertan because of a lack of
reliable methods for assessing 1t

The retumn of artenal blood pressure to the resting values duning the re
covery depends on the seventy of exercise After moderate or submaximal ef
forts of comparatively short duration, the systolic pressure drops rapidly to
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the precxercise level and remains constant thercafter. Sice the diastohc
pressure docs not change sigmficantly, the pulse pressure follows the
same pattern After exhausting exeraise the systolic pressure decreases rapidly
to below the resting lesel, the dastolc may follow the same trend or re-
mamn unchanged and consequently the pulse pressure falls, sometimes to
values as low as 15 to 20 mm mercury Tlurty to sty minutes after exercise
the blood pressure usually returns to its testing level (11)

Dustribution of Blood Flow In addition to the nced for mcrcasmg the
flow of blood to active muscles, blood distnibution must also be adequate
to meet the metabolic requirements of the other hissues Distnbution of the
total blood flow to supply various parts of the body 15 shown schematically n
Fig 104 These results are approximate and primanly based on data ob-
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lic 104 Distribution of total cardiac output fo
»anious areas as a function of oxygen consumpiion,
values reached after short periods of exercise at
normal temperature The figure 15 based on data of
Bishop (5) and others and Tepresents an approxima
tion only, particularly with respect to skin blood
flow Visceral blood flow, represented as “others,”
1s markedly d d with mod. to heavy exer-
cise, and practically all of the increase 1 total blood
flow goes to the muscles The proportion of flow
going to respiratory muscles has been derned mdi-
rectly and probably varies considerably from nd:
vidual to indrvidual

tamed by Bishop® (5) for excraise at moderate environmental temperature
for short peniods Fig 10.4 shows that the blood flow to the bram remams
unchanged, reflecting the necessity for the bramn to maintam s ondatne
mctabolism at all times The group referred to as “others” includes cluefly

*We arc greatly mdebted to Dr ] M Bushop for making hus thesis available to us
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the abdominal viscera (Madneys, liver, intestine, and spleen) Under resting
conditions most of the cardiac output goes to these organs, but with
creasing seventy of exercise the proportion of blood reaching the abdominal
viscera decreases to a relatiely small fraction of the total In spite of a large
cardiac output the coronary blood flow itself only ancreases two to threcfold
within this range of exeraise This remarkably small change 1n coronary flow
reflects the cficiency of the heart as a pump and will be discussed i more
detail later Although in Fig 10.4 skin blood flow 15 shown to inciease mod
exately, this cutaneous portion should be considered only as a rough estimate,
for 1t 15 markedly dependent upon indnidual vanations m the cfiicency
of heat dissipation, duration of exercise, and environmental tempera
ture Regardless of the values assumed for the vanous fractions of the total
blood flow, 3t 15 apparent from Fig 10.4 that at high levels of excreise the
blood flow to the muscles constitutes the major part of the cardiac output
‘The amount of blood actually available to the exercising muscles 1s imited
not only by the ability of the heart to increase the cardiac output and by
the frachion required to flow through the skin to penmmt cooling but also by
the amount of blood going to the muscles imvolsed 1n respiration Duung
heavy exercise this includes not only the daphragm, the muscle mamly
used dunng quiet breathing, bt also practically all of the trunk muscles
which at lugh levels of pulmonary venhlation are necessary to assist respira
tion The preaise relation between respiratory muscle blood flow and total
ovgen consumption 1s unknown and the proportion of total cardiac out
put going to the respiratory muscles 1s shil lnghly uncertain The dashed line
drawn m Fig 10 415 a rough estimate based on data for the work of breath
g obtained by different authors (24,26) The umportant pomnt 15 ta note
that 1n contrast to the heart, the oxygen and blood flow requued by the
respiratory pump increase very sharply at lugh levels of exeraise Whether at
oxygen consumptions above 3 liters per minute the blood flow nceded by
the respiratory muscles m any way limts the blood ow available for the rest
of the skeletal muscles 1s uncertain It probably depends on the type of exer
cise as well as on mdrvidual vanations in the mechanics of breathing
Arteniovenous Ox) gen Difference, Oxygen Eatraction from the Blood 1f
an merease 1n the rate of flow of blood were the only mechanism available
for supplying greater amounts of oxygen to the muscles, 1t 15 apparent that
the portion of the cardiac output reaching the muscles would have to be
direetly proportional to the total oxygen consumption As aited above, how
ever, another way 1n which the body can obtain more oxygen 15 by extracting

the ;enous~ l;lon;d‘ np'pmmrr::tellyD doubles due to a fall in venous oxygen
saturation In normal subjects, Donald and coworhers (17) found that un
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der their expenmental conditions the AV oxygen difference, which at test
was about 5 to 6 ce per 100 mi of blood, did not merease above 13 cc per
300 ml of blood Venaus blood conung from the exeraising muscles showed
an AV oxygen difference up to 16 to 17 ¢c per 100 ml depending an the
seventy of exexcise (18) The degree of extraction of oxygen by the exeras
g muscles may well be a sigmfcant factor detesmming an athlete’s per
formance particularly when maxumuim cawhac output is reached

Blood Volume Hemoglobin During exercise, the cardiovascular system
can provide an adequate cireulatian of blood to the muscles and to the sk
onlv if the blood volume 1s sufficient to mecet these requitements It 15 obwl
ous that 1f a significant portion of the blood were to be pooled m one part of
the creculation or another, the venous pressure might fall below the level
necessaty to return a sufficient volume of blood to the heart An adequate
blood volume ss particularly essential when the blood vessels of the skin are
dilated for heat dissipation In this case a latge amount of blood may be
deflected 1o the cutancous vessels and the venous retumn may become
adequate to mamtain a large strohe volume at an elevated heart tate

Astrand (3) bas found a hugh correlation between total blood hemoglobin
(normally closely correlated to blaod volume} and the maximum oxjgen
witake for both males and females This correlation between body hemo-
globin and mavimum oxygen mtahe may depend upon the fact that both
mdices reflect the general size of the mdnadual On the other hand, an 1
crease m total red cells and hemoglobm 15 dered au t adapta
ton for indwiduals to acchmabize to everaise at hugh altitude

CARDIOVASCULAR ADAPTATION AND Hrear Dissiearion

In addition to supplying oxygen to the workmg muscles, adyustment of

the card far system 15 imp to remove heat produced by muscalar
activity Exercise mereases the production of heat by the muscles, and this
heat must be dissipated 1n order to the body temp within

safe bouts A simple caleulation wllustrates the heat accumulation which
is possible, assuming metabolism 13 entwely aerobic Taking the calonc
equivalent as g calonies per hiter of oxygen consumed, at an oxygen consump
tion of 2 hters per munute ahove the basal level, aerobic heat production
would be 20 calones per munute above basal Ten calones would raise 50
Lilograms of body water 6 2°C, thesefare at this work level the body tem
perature would nise about 02°C or 0.4°F per munute if heat dissipation
remained at the basal rate

The arculatory mechanisms of heat dissipation obviously become more
wnportant the heavier the exercise and the warmer the suroundings Undex

these cond v 1 occurs and the blood flow 0
the shin ncreases, hence the cardiac output must increase The effect of 2
hugh 1 p on the distubution of blood flow s sllus

trated 1 Fig 105 No exp tal data are lable on the extent of
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shin vasodilatation which would permut precise drawing of the cunes, and
they should be dered as rough app They show that n a
warm enviranment the skin blood flow, which 15 already considerable at rest,
mcreases markedly as oxjgen consumption and heat production become
greater duning exercise Thus the

10n!

Normul Wumen Subjuct

maximum cardiac output, taken
here to be about 25 liters per min
ute, 15 reached at a relatnely low
work level as compared wath that
shownn Fig 104 Fig 105 prop
erly applies only to the steady state
dunng short penods of exercise,
for more prolonged exercise the m
crease 1 skin blood flow may be
€ven more important

The nse m shin blood flow 1s
necessary not only to provide heat
loss by conduction from the blood,
but also to provide for metabolic
and water requirements of the
sweat glands As sweating becomes
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Tic 105 Dustribution of blood flow
for exercise 1 a hot environment based
on same data as Fio 10 1 with an esti

hese

profuse, significant amounts of de
body water may be lost, the result
mg dehydrabon places an add
tional strain on the cardiovascular
system because of a decrease in cir
culating blood yolume and a rise
m viscosity of the blood In nor
mally hydrated subjects these ef
fects of dehydration are scen only with prolonged cxercise m a hot environ
ment

Although vasodilatation of the skun vessels invanably occurs when heavy
exercise 15 maintained for more than a few munutes, as exercise begins a
transient constrction of skin vessels may occur (15) The change to vaso
dilatation and sweating may be related to the phenomenon of “second
wind,” because vanous expenmental procedures modifying thermal balance
hasve been found to mfluence its onset (23) One may speculate thatasa re
sult of the 1mitial merease 1 heat production and initial decrease n heat
dissip due to niction, a rapid nise of temperature occurs 1n the
nervous centers of respiratory and cardiosascular control leading to the

dioresp. Y symp P ding “second wind

Dunng exeraise m hot environments, patticularly when the humidity s
high, sweating and heat conduction may not be sufficient to dissipate the
heat load produced by the exerase Under these conditions body tempera-

Tura
- o o
tion of exercise, and wmdidual differ
ences in vasomotor responscs to body

be reached




194 LUCIEN BROUHA AND EDWARD P RADFORD, JR

ture nses and the cardiovascular responses such as heart rate and cardiac out
put continue to increase, even though the exercise level and ovygen con
sumption remam constant {Fig 101) When body temperature exceeds
102°F, the subject usually will end the exercise voluntarly The ability to
reach a hugh lesel of oxygen mtake and to mamtain satisfactory thermal
cquilbrium are the two most important crculatory factors necessary to
achieve an outstandwng athletic performance The mterrclation of factors
hmiting exercise m hot environments 15 discussed in another chapter

Lrrects oF Exercist oN THE HEART

‘The heart muscle functions hike other stnated museles and the energy
for 1ts contraction demves from similar chemical reactions Nevertheless
some cssential differences exst Trst of all 1s the fact that the actwvity of the
heart never stops Conscquently even m a resting ndividual, the oxygen
extraction by the heart 15 stmilar to that obscrved for shelctal muscles dunng
moderate work Secondly the heart possesses the mmportant charactenstic
that its oxy gen requirement docs not necessanly ncrease 1 proportion to its
external work it can therefore function at high levels of physical achity
with a relatively small increasc m oaygen consumption and tn coronary flow
Thudly the nature of the chemical reactions taking place dunng contrac
tion show some differences from those occurnng in voluntary muscles The
heart can use glucose for 1ts metabolism but in too small a quantity to supply
allats cnergy requirements Unhike sheletal muscle it uses lactic and pyruvic
acids obtained directly from the blood The amount of glucose and lactate
utilized vary reciprocally 1f there 1s no lactate, more glucose 1s consumed and
vice versa Y Bogue and lus co workers (6) have shown that glucose and
Tactic acid ption are both d when the work of the heart be
comes greater and that the glycogen of the heart muscle is formed from blood
glucase but not from lactate During heavy exercise the heart muscle utilizes
1ts own glycogen, but 1t 15 not hnown whether the heart under normal con
ditions draws on 1ts glycogen and replaces 1t from blood glucose or whether
it burns glucose and lactate dircetly, keeping its glycogen resenc for emcr
gencies When oxygen supply to the cardiac muscle 15 inadequate, the heart
contractions become partly anacrobic, lactic acid 1s formed and glycogen 18
utilized

The oxsgen supply to the heart muscle depends on the coronary blood
flow The most rapid cntry of blood nto the coronary artenes tahes place
dunng diastole Duung sometnic sentneular contraction the mflow 1s ab
ruptly reduced It increases again as soon as the ventnicular ejection phase
begins and follows the vanations of aortic pressure until the end of splu[c
A sudden ncrease of inflow occurs again with sventncalar relaxation dimin
shing progressinely with decreasing aortic pressure until the nent systole
occurs

As the heart rate goes up dunng eacreise, the diastolic phase 15 shortencd
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and consequently there 1s fess time per beat to delwer oxygen to the heart
muscle Since even at rest the A V oxygen difference i the coronary blood 15
already preat, a significant increase 1n oaygen availability dunng exeraise can
be provided only by a larger coronary blood flow If the oxygen consumption
of the heart were proportional to its extemal work dunng exercise, 1t would
be unable to increase the cardiac output without a proportionate merease in
coronary flow, which at a ngh heaxt rate might be a severe mutation

Sarnoft and s co-workers (28) have used an isolated heart preparation in
dogs m order to study the hemodynamic determnants of myocardsal oxygen
consumption When the work of the left ventucle was mereased by elevat
ing the aortic pressure and holding carduac output and heatt rate constant,
oxygen ption of the myocards d with dortic pressure
‘When heart rate was increased but cardiac output, mean aortic pressure, and
work temamed constant, myacardial oxygen consumption agawmn increased
In contrast, when the work of the heart was increased by elevating cardiac

ya

ap

. to

cardhac output or external work done by the heart The fact that cardiac

output can ncrease with a comparatnely small nse m myocardial ovygen

consumption has also been shown by athers (2) and has been found
intact anumals {20)

In the intact ;ndividual the heart 1s regulated by the central nenvous sys
tem which increascs or dimimishes cardiac activity according to the mtegrated
needs of the whole body Most of this regulation 1s achieved by the balance
between the bralung action of the vagus nerves and the shmulating effect of
the sympathetic nerves An mcrease i vagal tone slows the heart rate and
reduces the coronary flow An increase m sympathetic tone conversely
quichens the heart rate, relaxes the coranary vessels, and increases the coro
nary blood flow In addition sympathetic shimulation markedly inereases the
cnergy of contraction and thus mereases the stroke volume Dunng exercise
the combination of a decreased vagal tone and an wercased sympathetic ac
tivity causes the heart to beat more strongly and the heart rate to quicken,

Jerate}

the d oxygen req ts of the heart are met by a
h merease m y blood flow

Regulahion of the heart 1s also mflnenced by hormonal factors, chiefly

by pl and it duced by the adrenal medulla Be

pincE P
fore and dunng exeraise these hormones are relcased by stimulation of the
sympathetic nenvous system and thewr action 15 similar to that of the sympa
thetic fibers mnervating the heart Although there are quantstative differ
ences m their effects, epinephrne and norepinephnme both merease the cor
onaty flow (30) and act duectly upon the myocardium to renforce the
strength of contrachion Neurohumoral regulation of coronary flow, of heart
rate, and strength of contraction of the heatt detemmines in large part the
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tare nses and the cardiovascular responses such as heart rate and cardiac out
put continue to wcrease, even though the exeraise level and oaygen con
sumption temain constant (Fig 101) When body temperature exceeds
102°F, the subject usually will end the exeraise voluntanly The abilty to
reach a high level of oxygen intake and to maintamn satisfactory thema
cquilibnum are the two most important ciculatory factors neccssary to
achieve an outstanding athletic performance The nterrelation of factors
hirmting exercise sn hot euvironments s discussed w another chapter

Lrrecrs OF Exreisc oN Tie HEART

The heart muscle functions ke other stnated muscles and the cnergy
for its contraction denves from sumlar chemical reactions Nesertheless
somne cssential differences cxist Tarst of all s the fact that the actwity of the
heart never stops Consequently, even w a resting indridual, the ovygen
extraction by the heart 1s simular to that obsenved for sheletal muscles dunag
moderate work Sccondly the heart possesses the important charactenistic
that 1ts oxsgen requireinent does not necessanly inerease 1 proportion to its
cxternal work 1t can therefore function at high levels of physical actity
with a relatively small increase in oxvgen consumption and m coronary fion
Thirdly, the nature of the chemucal reactions takmg place dunng coritrac
tion show some dafferences from those occurting n yoluntary muscles The
heart can use glucose for its metabolism but in too small a quantity to supply
allats energy requirements Unlike skeletal muscle st uses lachic and pyruvic
acids obtaned directly from the blood The amount of glucose and lactate
utilized varv reciprocatly if there 1s no lactate, more glucose 1 consumed and
sice versa Y Bogue and tus coworhers (6) have shown that glucose and
lactic acid consumphion are both ncreased when the worl, of the heart be
comes greater and that the gly cogen of the heart muscle 1s formed from blood
glucose but not from Tactate Dunng heavy cxeraise the heart muscle utihizes
its own glycogen, but 1t 15 not known whether the heart under normal con
ditions draws on its ghycogen and veplaces 1t from blood glucose ot whether
1t burns glucose and lactate discctly, hecping its glycogen tesene for emet
gencies When oxy gen supply to the cardiac muscle 15 madequate the heart
contractions become partly anaetobic, lactic aad 1s formed and glycogen 15
utihized

“The oxvgen supply to the heart muscle depends on the coronary bload
flow The most rapd entry of blood nto the coronary artenes takes place
dunng diastole Dunng 1sometnic ventneular contrachion the nflaw 15 ab
ruptly reduced It mcreases agam as soon as the ventncular ejection phase
begms and follows the vanabions of aothic pressuse until the end of systole
A sudden mercase of mflow accuts agam with ventnicular relaxation dumift
whing progressnely with deereasing aorttic pressure until the next systﬂlﬂ
ocecurs

As the heast rate goes up dunng exercise, the dustolic phase 18 shartened
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and consequently there 1s less time per beat to deliver oxygen to the heart
muscle Simce even at rest the AV oxygen difference 1n the coronary blood 1s
already great, a sigmificant merease 1n oxygen availability dunng exercise can
be provided only by a larger coronary blood flow If the oxygen consumption
of the heart were proportional to 1ts external work dunng exercise, 1t would
be unable to increase the cardiac output without a proportionate increase i
coronary flow, which at a lugh heart rate might be a severe hmitation

Sarnoff and his co workers (28) have used an 1solated heart preparation n
dogs n order to study the hemodynamic determinants of myocardal ovygen
consumption \When the work of the left ventncle was increased by elevat
ing the aortic pressure and holding cardiac output and heart rate constant,
oxygen ption of the my d d with aortic pressure
When heart rate was increased but cardiac output, mean aortic pressure, and
work remamed constant, myocardial oxpgen consumphion agamn increased
In contrast, when the work of the heart was mcreased by elevating cardiac

- o N
cardiac output or external work done by the heart The fact that cardiac
output can increase with a comparatnely small nse i myocardial ovygen
consumption has also been shown by others (1} and has been found n
intact amimals (z0)

In the mtact individual the heart 1s regulated by the central nenvous sys
tem which ord hes cardiac actty ding to the d
needs of the whole body Most of this regulation 1s achieved by the balance
between the braling action of the sagus nerses and the stimulating effect of
the sympathetic nenves An ncrease 1n vagal tone slows the heart rate and
reduces the coronary flow An increase 1 sympathetic tone conversely
quickens the heart rate, relaxes the coronary vessels, and ncreases the coro
nary blood flow In addition sympathetc stumulation markedly mcreases the
energy of contraction and thus mcreases the stroke volume Durnng exercise
the combination of a decreased vagal tone and an increased sympathetic ac
tivity canses the heart to beat more strongly and the heart rate to quicken,
the mod ly d oxygen req; of the heart are met by a
simultaneous ncrease 1n coronary blood flow

Regulation of the heart 15 also flucnced by hormonal factors, chiefly
by epinephnne and pineph produced by the adrenal medulla Be
fore and dunng exeraise these hormones are released by stimulation of the
sympathetic ners ous system and their action 15 similar to that of the sympa
thetic fibers mnenating the heart Although there are quantitatve differ
ences in therr effects, epincphrine and norepinephrine both increase the cor
onary flow (30) and act directly upon the myocardium to reinforce the
strength of contraction Neurohumoral regulation of coronary flow, of heart
tate, and strength of contraction of the heart deternunes i large part the
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response of the heart to exerase The importance ot these mechamsms
durne exereise 15 shown by the fact that the work petformance of dogs com

ple
fat

B
responses of the heart to exeraise 15 far from understood 1 the mtact mdi
vidua} the most stuling facts of the heart s performance are its abnhty tom
crease s external work with a camparately small increase in oxygen con
sumption, and to utilize lactic acid dircetly as a source of energy, which 1
a great asset 1 severe muscular excraise when lactate 15 abundant wn the
enculating blood The result 15 that the heart 1s able to meet the require
ments placed upon 3t by exeraise wathout making excessne circulatory de
mands itself Because of the tugh leval of efficiency of the heart, 1t 15 reason
able to consider that 1 notmal subjects the metabolism of the heart stself i
not a himsting factor duning maximum exercise

FACTORS INFLUENCING THE CARDIOVASCULAR
REACTIONS TO EXERCISE

The sesponses of the catdiovascular system to muscular work follow
qualitatnely the above destnbed patterns, but they differ quantitatively 1
healthy individuals, being mfluenced by factors such as the hind of exercist,
and the subject s age, sex, and mherent fitness

InrFLuEnce oF THE KD oF EXERCISE

Agrobic and anaerobic processes are utihzed to vanous degrees 1 different
spots, and therefore the demands upon the cardiovascular system vary For
short, exhausting types of actvity anaerobie contractions ate used to a max
mum, resulting n a large oxygen debt and a Tagh concentration of lactic
auid Sprnnting 15 a typical example of this lind of exerhion maximum effort
of shott dutahon, dunng which the cardiovascudar systern cannot meet the
oxygen requirements of the muscles The athlete draws on oxygen Tesenes
and anaerobic processes durmg the sprnt and pays the oxygen debt after the
Tace 15 Over

For exhausting types of activity of longer duration, such as muddle-distance
Tunning or actabic bol 15 ), and sub al

&

"

- » o v
the performance 1f 3 maximum oxygen debt 1 rcached carly i the race,
the athlete must slow down or stop completely

For efforts of long durabion pushed to exbaustion, such as Jong distance
runming, shung, swimmng, or cychng, it 1s essential to mamtan a steady
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state of oxygen supply dunng the greatest part of the performance Only at
the start and dunng the final spnnt are anaerobic processes mvolied The
higher the level of oxjgen steady state that can be mamtamed, the more
work that can be produced acrobically and the better the performance

For efforts of long duration that ate not pushed to exhaustion, such as
long marches, mountain chmbing, or agncultural and mndustoal work, 1t 15

most 1 to be able to a steady state of oxygen consump-
tion as low as possible throughout the performance The whole effort should
be hshed with a of b bolism, and no appre-

ciable oxygen debt The ane who can keep the pace with the lowest oxygen
requuement 15 the most efficient, and he usually can sustamn the work for the
longest me
For alternating efforts of vanious intensity, such as in tenms, boxing and
football, where penods of intense actvity ate followed by penods of com
paratively low actiity or rest, the problem of rate of repayment of the
bic debt 1s of derable importance In this case both aerobic and
bic p are used ding to the varying grades of effort,
which can be maximum for relatively short bursts An athlete who, after
producing a maximum effort, can return rapidly toward the resting state has
an advantage, since he can pay the debt contracted anaerobically dunng
peak efforts, and wll be ready to produce another peak effort sooner than
one requnng longer to recover The level at which aerobic metabolism 15
partrally or totally replaced by anaerobic processes depends on the degree
of activity for which the individual can maintan a steady state of oxygen sup-
ply the more exercise that can be performed aerobically the less ‘ borrow
mg” from the anaerobic phase and the less fime needed to pay that oxygen
debt dunng reduced activity or rest Consequently, an athlete who 15 able to
teach a gh steady state of oxygen consumphon and to recover quickly
from repeated efforts 1nvolving anaerobic contractions will aclueve a high
lesel of physiological efficiency
The question now anses how can we evaluate the spectfic effects on the
cardiovascular system of vanous kinds and ntensities of exercise? Most of
the factors snvolved 1 cardiovascular adaptation to exercise have been
studied using lab Y q tud of stroke vol
ume, cardiac output, penpheral 1esistance, efc As previously mentioned, 1n
man, research 1s himited by the methads that can be used without impaiting
the subject’s health or his performance This consideration restricts the hind
of measurements that can be made directly dunng muscular achvity Fortu
nately, because of 1ts close relation to cardiac output and exygen consump-
tion (Fig 10 2), heart rate can be utilized to evaluate the stress imposed by
muscylar activaty upon the heart and the crculation with a mmmum
amount of mterference with the subject’s freedom of motion and pesform
ance ability As a single factar it quite accurately depicts the cardiovascular
adjustment of the individual to muscular actmty The followmng presenta
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tion 1s based upon heart rate vanations durng exercise and during recovery
as an index of the cardiovascular responses

During bight exercise the first increase i heart rate may be exaggerated
and sub ly the ratc d hes to a lower level which 1s mamtamed
as excresse progresses (Fig 106, cunve 1) For 2 heavier worh load the heatt
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T 106 Heart rate changes as an index of cardioyascular re
sponses duning exercise and recovery for three work levels of mcreas
mg seventty 1 hght to moderate exercise, I moderate exercise,
I heavy exercise

rate reaches a rather constant level which persists throughout the exercise
(Fig 106, cunve 2) These constant Tevels are described as a “steady state” of
heart rate When the intensity of exereise 1s further increased, no steady state
can be attamed and there 15 a contimued progressie mcrea‘sc 1n heart rate
until excrerse stops (Ig 106, cunve 3) These three typical curves are ob-
served v v "
pertod
CACICISE wurmuon v pos sn sute sanuus mvavase talbued Lhgel aivow v =
tions the cardiovascular system 1s stressed to 1ts maximom and the subject,
reachmng exhaustion, must stop

Tor constant work of sufficient mtensity the duration of crercise also 1
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fluences the cardiovascular responses If the subject has been able to mamn
tam a steady state for a given time and 1f the work 1s prolonged, a secondary
and progressive increase i heart rate takes place until exercise stops

‘When the worl load vanes during exercise, the pattern of the cardiovascu
lar reactions follows each change closely as indicated by the fact that an m
crease 1 load produces an increase m heart rate and vice versa The relatnve
abruptness of the change depends on the degree of difference i work loads
For a small load mcrease the heart rate will nse smoothly to establish a new,
more elevated plateau, for a marked load mcrease the change 1s rapid, the
adaptation to the heavier load starts immediately, and 1s achieved 1 a short
time The reverse 1s true for decreasing work loads

In sustaned static contractions, such as weight lifting, the heart rate ac
celerates shightly, remains unchanged or even slows down dunng the effort
However, when the effort 15 termunated, the heart rate remams elevated for a
time which 15 determined by the magmitude of the cffort and the muscles
that were mvolved

‘When exercise 15 repeated several times with periods of rest mtervening
the same reactions are found For moderate exercise the cardiovascular reac
tions reach the same level durnng each penod of activity For harder exer
cise the heart rate increases further with each successive penod of work and
no steady state can be mantained throughout the total performance

Recorery of the Curculation After Exercise  After hight work the cardio
vascular functions soon return to the pre exercise resting level The heavier
the load, the hugher will be the maumum heart rate and the longer 1t will
take to return to the resting level (Fig 106) The duration of exercise also
mfluences the recovery processes If the load 1s hight duration has httle 1n
fluence unless 1t extends over several hours For heavy work that can never
theless be mamtamed 1n a steady state, the longer the duration of exercise,
the longer the recovery to the resting level (e g, marathon runners, moun
tamn chmbers) On the other hand, for comparatnvely short efforts pushed to
exhaustion or nearly so, the duration of the performance does not mflu
ence appreciably the recovety processes No matter how long 1t takes to reach
exhaustion, the return to the resting heart rate always follows the same
pattern and takes about the same time (Fig 10 7)

When excrcise 15 not continuous the cardiovascular recovery reachions
dunng the rest penods are determined by the total previous work per
formed For hght or moderate exercise the Tecovery 1s complete w a short
time even after several penods of activity Thas pattern represents a steady
1ate of recovery * For harder work the recovery rates remain at a progressnely
higher level as the number of exercise penods increases By proper adjust
ment of the sequence, excraise rest pernieds, it 1s possible to mamntan over a
long tune the same heart rate pattern dunng cach work and recovery cyele
If a steady level of recosery 15 ta be achieved, the rest periods must become
longer as the exercise 1s repeated As soon as the rest time becomes too short,
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MINUTES OF RECOVERY
Fic 107 Recovery of heart rate after exercise Four groups of male subjects
run to exh ona drull exercise volt ly stopped by the subjects
Those men 1n poorest physical condition could run only fof two mnutes while
the most fit subjects ran for five munutes Despite the differences i work done,
the peak pulse rate reached by each group was the same at exhaustion, and e
covery of the heart rate showed the same change with time

the heart rate increascs dunng successive periods of both work and recoveny
A steady state can no longer be mamtained and the subject comes closer
and closer to lus maximum worhing capaaity and his exhaustion level
(tenmis players, successn € rounds of boxing)

InFLUENCE OF InDIVIDUAL FACTORS

Age, sex, and fitness mfluence quantitatnely the adaptation of the
cardiosascular system to excreise \

Tor mn:plc, 1n adolescents we have found a much higher correlation be
twecn the ability to perform hard exeraise and the size of the mdnvidual than
wath hus age (19), and sumilar results have been reported by Astrand (3) 1t
scems that after about 25 to 30 years of age the maxtmum oxygen consump
tion d hes prog! Ty, this d 1 d with di m
cardiovascular and tespuratory capacity Later in life, although maximum pet
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formances of youth are no longer attainable, the reactions to submaximal
worh are defimitely related more to the fitness of the indnidual than to his
age The well \nown marathon runner, DeMar, and the former tennis
champicn, Borotra, are stuking examples of this fact Esen after the age of
60, these two men had better work capacity than same men of 20

Effects of Sex Marked differences exist between the physiological ca
pacity of men and women to perform hard exercise (3,25), especially with
respect to cardiovascular adaptations For the strohe volume Chnstensen
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Fic 108 Maximum heart rate reached by women and men for
five minutes exercise on a bicycle ergometer as a function of ex
ternal load The heart rate (and by wnference, cardic output)
wncreases roughly 1n proportion to the external work done “The
higher heart rates of women at all work loads reflect ther smaller
stroke volume per beat Highest yalues were obtamed for exhaust
mg work (subjects forced to stop), at this powt the heart 1ate was
the same for both men and women, about 200 beats per mnute

(23) has reported maxumum salues of 209 ml for men and 161 ml for
women, with maamum cardiac output 37 hters for the men and 25 hters for
the women The average A V difference was 108 o oxjgen per 100 ml of
blood for the women and 13 3 ¢ ovygen for the men Consequently, for a
ginen oxvygen mntahe the heart rate 15 higher m females than m males and
for 2 given heart rate the men achieve a greater oxygen transport than the
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Tasee 101 Means and Extremes of Values for Selected Physiologic Vanables
for 17 Women and 30 Men Pesformmg Moderate and Strenuous Evercrse

MEANS LXTREMES
Women Men Women Men

Walk (35 mph on 86 per

cent grade for 15 mm )
Veatrlatien, < fmm /hg* 610 552 467 831 421 M8

Q. ronsumed ce fsun hg®

(9-14 min ) 278 296 253 302 245 383
RO —manimum 09t 08 08¢ 099 036 0%
Blood lactate mg percent 40 21 18 58 ? 38

Blood sugar mg perceat 115 112 83 1l 89 131
Pulse rate—? nmn 152 140 134 177 12 162
Palse rate—~3 mun 168 143 156 190 115 168
Pulse rate—~maxmum 179 1351 156 200 120 2
Recovery pulse—I mn 139 116 1 172 85 162
Recorery pubse—2%, mm 123 107 93 14 82 133
Recorerv pulse—5 min 12 91 82 i3 75 124
Systole prosswie—] am 148 148 136 160 122 178
Prastalic pressure~1 mm 84 74 7% 98 9 93
Run (7mph an 86 porcent
grade unty} exhausted}

Duration (e ) 104 216 70 186 105 300
Ventilzhon cc mm Ag*

{maximum) 978 1112 716 1230 690 1400
O consumed ce min kg*

(masmum ) 409 513 296 475 305 605
RQ —maxmum 106 13+ D72 130 08t 145
ood hctate mg percent

{maxmum ) 1 @ [
Blood sug1r mg percent

{martmam) 156 144 13 2% 4 19
Pulse rate—) mun 88 177 202 1357 1R
Pulse rate—maxnmym 197 194 181 206 178 20

Recovery pulso—l mn 163 158 145 fs0 128 180
Recovery pulse—214 min - 131 124 n 131 1wz 48
Recovery pubse—3 mm 116 14 105 137 93 136
Sstole presswre—1 mn 163 181 40 190 10 212
Dustohe prosure—1 man 88 77 78 308 48 96

Souect  Data from E Methen; L Biouko W E Johwsom, and W 1 Fodes
Some Physiologic RcsPonscs of W\ omen and Meu to Moderate and Strenuons Exesctsie
A Comparatne Stady * Amer | Fhysology 1942 137, 320

. Boéy waght !

women dunng submaximal and maumal work. The aerobse capacity 1 25 0
3o percent lower i women

Even for bight worl (360 kg m /min ) performed on a bicycle esgometes,
wermen show heast rates Tagher than those of the men although their 1
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covery patterns are quite stmilar Durning heavier exercise (540 or 720 hgm /
mm ), the heart rates of the women are markedly higher than those of the
men and thetr recovery to the pre exercise level 1s slower (8) In both sexes
the maximum 1ncrease m heart rate with mcreasmg work follows a straight
e, but exhaustion 15 reached at a lower worl load for women than for
men (Fig 108) Table 101 compares some physiological vanables ob-
served 1 men and women performing moderate and strenuous exercise on
the treadmull The highest heart rates for both sexes have been observed by
Chnstensen and Hogberg (14) after long distance shiracing They report
that after a shi race of 5km the average values were found to be 240 beats per
munute for boys in the 14 to 16 year age group Boys n the 17 to zo-year
group had an average of 237 after a 10km race Gurls betwneen 15 and 17
reached an average of 250 after a 5 ki ski race Four subjects 1n this group
had rates above 270 After a ski race of 18 km, well tramed young women
had an average heart rate of 214, whereas well tramned adult men seldom had
maumum heart rates above 200 beats per minute These very high values
can be explamed by the fact that the skung races were always finished at the
maximum speed attamable by the compenitors in a final sprint

Effects of Fitness of the Individual  The fitness of the individual 1s prob

TasLe 102 Vanations of Physiological Measurements on Young Men Dunng
and After Muscalar Work

1 Moderste Work (Walking for 15 mmn at 35 mph on Treadmill,
grade 8 69 )°

Measurement Mean Sigma Range

Heart rate

before start 858 128 50-115

at 2mmn walk 1403 115 94-168

at 10 mm walk 1450 160 98-175

at 15mm wall 1490 151 112-180

1 mm after walk 1102 164 68-147

2 min after walk 1051 157 65-144

5 mmn after walkh 980 130 56-120
Systolic blood pressure

before walk 1230 94 102-144

L after walk 1502 144 18176

5 mm after walk 1246 98 102354
Blood lactate duning walk 203 66 937
Blood sugar dunng walk 1124 130 51§83
O, consumption cc per hilo, dunng

walk, 287 27 2977
Ventilation during walk (liters

per minute} 388 44 T3

*N=75
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Tasie 102 (Continued)

Il Exhansting Work (Runming up to 5 mimn at 7mph on Treadmill,
grade 86%)*

Measurement Mean Sigma Range

Heart rate before start 1125 187 58-160
Duration of run 359" 1127 120-%
Heart rate

at 1 mn Tun 1770 100 150-192

at 2 mn run 1870 98 162-205

at Smin_run 1936 96 173-208

25 scc after run 1812 97 150-198

1 mm after run 1558 149 92-183

3 mmn after run 1188 132 80-146

10 min after run 1099 118 75-145

25 mun_after run 1058 120 68-131
Systolic blood pressure

1 mun after run 186 8 16 4 140-226

S mmn after run 1438 162 98-180

25 min after run 1137 105 86-136
Blood lactate 5 min after run 1186 295 31-203
Blood lactate 25 mmn after run 689 246 21-137
Blood sugar 5 min after run 1424 211 83-194
Mx O, consumption dunng sun and

per kilo 507 60 309620
Ventilation dunng tun, hiters per

minute 788 136 348-1082

Source Data from Vanability of Physiological Measurements 1 Normal Youog
Men at Rest and Dunng Muscular Work by L Brouh: B Revue
canadienne de Buologee, 4136 1945 4 rocha and B M. Snge

ably the most important factor det g the level of card lar reac
tions to exercise Table 101 shows that among healthy subjects of erther
sex and of approximately the same age marked vanations are found the
capaaty to perform muscular work and to recover from 1t Table 102 Pre
sents data collected on healthy college students It emphasizes the ndividual
sanabihity of physiological level for vanous functions measured at rest, duting
and after moderate exerase, and dunng and after exhausting performance
The capacity of these men to perform hard muscular work was evaluated by
the following measurements duration of a run on a treadmill at 7 m p h and
on 8 6 percent grade, blood pressure before and after work, pulmonary ventt
lation and oxygen consumption durmg the run, heart rate before, duing
and after work, blood sugar and blood lactate before and after work Taking
mto account these vanous factors, it was possible to determine how effi
ciently an ndwidual can perform exhausting work (10) Accordingly, the
subjects were divided into four categonies 1n regard to thesr performing ca
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pacity poor, average, good, and excellent On the basis of that classification
and due to the fact that physical fitness for hard muscular work depends to
a great extent on adaptations of the circulation, 1t was found that for a stand
ard amount of moderate or submaximal work a fit subject 15 able to mamn
tam a slower heart rate durning work and to recover more quickly after work
than a less fit individual For masimum work the fit and the unfit may at
tan the same maximum heart rate, but the fit subject 15 able to perform
more work before he reaches that level Such results demonstrate that phys
1ological measurements dunng and after exercise are indispensable to estab
Lish an adk 1 of normal mdividual; ding to a scale of
physmlug‘cal capabthity The estimate of capacity to do muscular work should
be based on the subjects actual abity to perform 1t and on the speed
of recovery after exercise
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Exercise and Body Fluids

SUMMARY

Exercise changes the dynanuc body fluid equilibrum A single bout of
work or athletic event may induce changes that are relatnely transitory
(hemoconcentration) or long lasting (red cell destruction with subsequent
augmented crythropowesis) In general, information describing both acute
and chrome shifts m body fluids with exercise 1s meager Reliance must be
placed on measurements that are m most cases rather ndircct and fre
quently inaccurate

The varous body fluid volumes m normal young adults at 7est, together
with some of the means of measurement, have been discussed so that exer
c1se induced changes may be viewed in proper perspectne

Complete bed rest 15 associated with a decrease m plasma and blood 1ol
urrte winch 1s evident after three nwecks Both solumes return toward pre
bcd n:st values of bed rest 1s discontinued or reconditiomng 15 employed

and a di of plasma volume accompany the
asxumphon of the upnght position from the supme The changes are of
de to be dered mn the P 10n of findings from

exeraise experiments Light and moderate work induce homoconcentration
and plasma volume changes sumilar to those found with standing If standing
or hght exercise 15 d, pre ding or p values are reat
tamed Walking, cycling, or runming at fugh work levels produce hemocon
centration and loss of plasma water to the interstitial flurd over and above
the postural change

Elervated total errculating iemoglobm and blood yolume yalues have been
found wn physically tramned mdnaduals (carbon monoxide method) These
findings have not been confirmed with other methods Since myoglobin as
well as hemoglobin may bind carbon monoxde, the carbon monoude
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method may only provide a measure of the total hemo myoglobwn pool in

1 assessing
1 secondar
- ng hemo-

7= v -
globun 1of cardiac output 15 proven to be the mmportant factor lumting the
severity of physical work

Sustained travmng or habitual physical activity seem to imohe no per
manent body flud shift as a primary effect, but prolonged strenuous training
15 usually paried by a d i p ge of fat and an meredsed
percentage of fat free mass Thus an mcrease m the pcrcent of total body
water particularly intracellular water f an increase i the percent
of fat free body weight due to exercise

Dehydration limts man s abihity to perform physical work largely through
impared cardiovascular function Physical condittomng or trammng may
provide sufficient cardiovascular reserve  so that the deleterious effects of
dehydration on work performance are numimzed Hemorrhage of sco ¢
may reduce work performance capacity for several days although the effects
on work performance are quite variable

Only a partial foundation has been built for understanding the effects
of exercuse o body flurds What remains unknown presents a chailenge and
opportumty to many specialties m phy siologreal amd medical research

INTRODUCTION

This chapter 15 devoted almost exclusnvely to a discussion of exercise
induced water exchange in the healthy adult body The effects of both short
term and long term (single bout of exercise and habstual exercise) are con
sidercd Although flmd  compartments have been defined and are dis
cussed as such they should not be visualized as discrete entities Each com
partment 15 vanable m size, ch ble n position, and undergocs
constant modification because of contmuous shifts of water, elcctrolyte
and orgame molecules Since the post World War II development and
advancement of the techniques and application of flame photometnc and
radicactive tracer methods, there has been increased interest m desernbing
the fluid volume and solute shifts that occur wathin the body Nevertheless
this mterest has not carned over to the detarled study of water and solute
slufts induced by everyday events, such as excraise In this chapter current
knowledge of the impact of exercise on the body fuid volumes 15 pxesentcd
together with d of some of the problems that remamn unsoh ed

Mention of electrolyte or other solate shifts, while intimatcly related to
flusd shufts, 1s bref, the reader 1s referred to the excellent discussions of
Gamble (33) and of Ellnton and Danowski (30) for a comprehensne
trcatment of these topics as well as a discussion of the effects of vanous €%
Pcnmental and pathological conditions on body fiusd +olumes
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DESCRIPTION OF FLUID VOLUMES
The body may be considered divaded nto the following flmd volumes
it
Interstital }Extrac‘cllulzr

Intracellular
Mscellaneous

Total Body

Flurd volume 1s larger than water volume, becanse fluid volume 15 the sum
of water volume plus any additional space taken up by substances dissolved
or suspended m the water For precise measurement, appropnate corrcc
tions must be applied to obtamn water from flurd volume or vice versa,
howeser, i this discussion the terms are used interchangeably

Plasma yolume 15 the volume of extracellular fluid contained within the
blood vessels Plasma volume 15 usually measured by using a dye or label,
such as T' 1824 or I labeled plasma protem Each of these gnes only ap
proximate values for the plasma solume (38,76)

Although red-cell volume 15 not stictly a find volume, 1t has considerable
mmport £0 a discussion of exercise physiology Red cell yolume 15 frequently
determmed by measunng the plasma volume and hematocnt, applying a
correction for trapped plasma, and then calculating the red-cell volume
More direct methods are available and include the administration of a sub
stance such as carbon monowide which 1s preferentially affixed m the blood
cell, or the injection of red cells labeled wath a radioacti ¢ tracer {Cr®, Fe®,
Fe®, and P#) (36,39)

Extracellular flurd 15 the volume of flud outside the cells and includes
plasma and mterstitial flud Eatracellular flud has been estirmated by dilu
tion of numerous substances including sodiusm, chlonde, sucrose, mannitol,
nubs, thiosulfate, and thiocyanate Although some of these substances yield
stmilar yolumes, the values measured are dependent on the type of matenal
administered Thus the resulting measurement 15 usually referred to as
“sucrose space,” etc, rather than “extracellular space” A review of the
vanous “extracellular” fluid volumes has been prepared by Lavietes, o al
{57) One other volume, * transcellwlar fund, has been 1dentified as part of
the extracellular flmid Transcellular flind 15 defined as that flud residing
within hollow organs Although this volume appropnately 1s part of extra
cellular flwd, st 15 not measured by most of the substances used to assess
extracellular flud and may be ly identified with intracellul:
water (98)

Interstittal flurd 15 calculated by subtracting the plasma volume from
extracellular flud and 1s the volume of fluid between the vascular system and
the cells, 1t mcludes lymph

The total body water volume 1s the sum of the component water volumes
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The total volume has bcen measured with wsotopically labeled water urea
antipynne or an antipynne demsative Although these tracers may not

quihit with seq water ( llancous volume n the out
Iine) such as that 1n bone and cartilage before all samples are drawn, only 3
shight error 1s introduced from thns cause Some of the hydrogen i 10
topically labeled water 15 also known to cxchange with the hydrogen m or
game compounds

Intracellular water 1s determned by subtracting extracellular fluid from
total body water A more direct method for determiming mtracellular water
has not been found although attempts have been made wath K* (64)

Numercal salues for the vanous fluid volumes for a normal {nonexer
cised or nonstressed) young male 1dult appear in Table 11 1 with references

Tasie 111 Average Values for and Mcthods of Measurement of Body Flud
Volumes in- Normal Young Male Adults®
(Umits percent of total body wt )

Volume Value  Vethod Author Reference Year
Plasma (PV) 41 TI1824 Edelman et ol (28) 1952
41 Hicks et al (40) 1956
45 Moore et ol (64) 1956
Red cell (RCV) 29 Cr* or P Hicks et o (40) 1956
gg Ef: gdc]lm:m et al (28) %g;é
terling & Gra 86
Total Blood 75 PV4RCV ks get il %40% 1956
Interstit al 22 ECW PV Edelman et o (28) 1952
Intracellular 36 TBWLCW Edelman et o (28) 1952
Extracellular
(ECW) 157 Ivuln Schwartz et al (80) 1952
166 NasO, Cardozo & Ldelman  (15) 1952
gz; ggN Edclman ef al (28) %gg
2
Total bady delman et ol {(28)
water (TBW) 55 Desiccation  Torbes & Lewss (32) 1956
59 Antipynne Picon Reategut &
Lozano (73) 1957
6 DHO Edclman et d (28) 1952

* Values for normal young adult males 1n the age range 20-30 ot al 2ys
avalable \ alues for older and s duals are mcluded (of 32")gc years weren

to the authors cited The errors mvolved m cach fluid solume measurcment

of confirmation by dircct analysis
Seasonal vanations 1 body flud volumes may occur which unless con
sidered might confuse nterpretation of a change induced by traming of
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physical conditioning Monkeys (67) have a NaSCN space (approat
mating the extracellular space) of 250 c¢ /bg 1 summer and only 184 cc /
kg 1 winter Doupe and others (24) reported that in 72 males observed for
1-2 years, plasma volume (T 1824), red blood cell mass, cizculating hemo-
globn, and total circulating plasma protens all increased during the summer
and decreased dunng the winter

Dunng eseraise several mecl probably act ly to change
body fluid volumes (see Fig 111) Some of these mechamsms are discussed
m the sechon on Acute Excraise One important mechanism, however, de
senves mention in this miroductory section—the Starhing equiibnum This
equihbrium 15 illustrated m Fig 111 (30), along with other mechamsms
which may be less important dunng exeraise The relative distribution of
water between the intrasascular and interstitial compartments 15 determined
by the ratio between intravascular hydrostatic plus ntershital osmotic
(largely protein) pressures which tend to force fluid into the tissue spaces,
and by mtravenous osmotic plus interstitial hy drostatic pressures which tend
to force flud mto the capillanes The normal course of events 15 for a
rclatively protern free filtrate of plasma to leave the artenal end of the capil
lary and a protein free filtrate of mterstitial furd to enter at the venous end
Thus any factor affecting hydrostatic or osmotic pressures will influence vol
ume distnbutron, and this factor may be abscured or forgotten by sumply
attnbuting the volume shift to exercise Detailed discussion of the Starling
equilibrium may be found 1n most texts of phystology but it 1s particularly
well treated in Elkmton and Danowsl (30)

Other mechanisms not mentioned elsewhere i this chapter are also 1m
portant, however, the contribution of each n relation to a single bont of
exercise or to an extended cxercise program 1s not clear m many instances It
has been stated that receptors sensitne to changes in effectne blood volume
are located in or near the walls of the vascular system (9,12,72) Red cell
volume, m general, responds slowly (oser dags) to a change m oxygen
content 1n the tissues? When the red cell volume deviates from normal,
blood volume 15 mantamed by an appropnate change m plasma volume
Known mechanisms of body fluud control do not explamn the close regula
tion of extracellular fimd The existence of a ¢ volume receptor” (n addition
to an osmoreceptor partially controlling thurst) has been postulated (9,72),
which 15 sensitive to changes in extracellular fuid volume, or to some closely
related function Such a volume receptor might mfluence sodism excretion,
and therefore water excretion by control of renal tubular or sweat gland
actmity Other transport mechanisms for ions and water by cell membrancs

v

1

National Institutes ‘of Health personal communication)



212 RICHARD MOORE AND ELSWORTH R BUSKIRK

have been postulated to explam cffects not explamable by diffusion alone
An “1on pump” of “water pump,” if such cuists, makes a contnibytion of un
Lnown knd and amount to body flud shifts under vanous condittons
Hormonal control 1s mamfested by changes i vasomotor activity (vasodrlata

Product on of energy Hz, and
cerfa n solufes incl profein,

Exchonge of solutes destruct on of prote n change
and He0 w th 1 size of moleculor oggregates
external eny ronment ——as result of ce luiaf

melabel sm
0 0
cop llary Ji tssuehp y! Vssuehp
e VS

protenap. etectrolyte 0.p proté

Phoses A 8 ¢ @ p*osmotcp

= it
Pasma mleratt al uid h = hydrosiohe

Extracellulor Tud Introceitutar flu 8

Fic 111 Dwgram of the four mechamsms of
fluid transfer as miegrated mn the three phase system
Plasma_wterstitial flud infracellular flud (Elkin
ton and Danowsk:, 30)

“Hydrostatic pressures are indicated by the angu
lated arrons outnde the phases of fuid, esmohe
pressures by the horizontal arrows within Large
opert cureles rep t protemn solutes 10 the
several phases Small open and sohd circles represent
zomc solutes such as electrolytes restnicted to the

Hular an lular phases e}

by

a_process of acine transfer requinng energy .
s are freely diffusi-
<ert no differential

“The distribution of flurd between the intravascu
lor plasma and the extravascular intersithal flurd
1s determuned by the relationship of the hydro-
static and oncotic or protemn pressures according to
the Starling Iy pathests
" Flwd 15 distnibuted between the extracellu
lor and Hular phases manly ding to the
osmatic pressures resulting from the actne differen
tul distnbution of clectrolytes
“lhe broken seaction arrows abave the plasma
and above the mtracellular fud mdicate that, with
respect to forces that effcct morvemenis of fluid, the
system 15 open at both ends™
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tion and vasoconstuction) and permeability, and changes i rates of flud
and electrolytes loss from the body Adrenalme and noradrenaline have
been shown to modify 1 activity and infl nonthermal sweat
g, antidwretic hormone alters the amount of water lost m unne, whie
aldosterone modufies uninary sodium and potassium excretion (99)

The alterations in hidney function dunng vanous types of exercise are dis
cussed elsewhere n this book Suffice 1t to say that the hidney plays an 1m
portant role in regulation of the composition and volume of the extracellular
fluds The sweat glands also participate m regulation m that both volume
and composition of sweat may be modified as a result of acchmatization to
heat accomplished by work 1 the heat The mechanisms mentioned above
may mfluence erther kidney or sweat gland function or both

BED REST AND PLASMA VOLUME

Plasma volume has been shown to decrease during three weeks of bed rest
both with (21) and without (88} bilization In the bl on
study (21) four men were secured 1n plaster casts covernng their legs and
pehic gudles and remamed m bed for six to seven weeks The decrease m
plasma volume (T 1824) dunng the first three weeks ranged from 120-320
cc and averaged 191 cc or 63 percent of the preimmobilization plasma
volume (blood volume [T 1824 + hematocnt] decreased 275 cc or 54
percent) Dunng the remaming three to four weeks of bed rest plasma
volume returned toward preimmobilization values Duning the recondition
mg following immobihizahon plasma volume retumned to normal withm
three to four weeks When five physically active young men m good physical
condition were confined to bed for three weeks the decrement 1n plasma
volume (T 1824) averaged 518 cc or 155 percent (88) Withm the first
week of reconditioning (daily grade walking and runming), plasma volume
returned to pre bed rest values At the end of the first week of reconditioning
blaod volume d shightly d hed due toan apparent loss n red
blood cells (see section on trammg) The plasma volume change was ap

good” physical condition

normal young men (pre

c immobilization study The

difference phy sical condiioning may hase been responsible for the differ
ence in the plasma volume decrement obsered

POSTURE

When a standing subject hes down, hus plasma volume increases Water
field (g4) found that standing decreased circulating plasma volume 15 per
cent and decreased red cell volume 4 percent Blood 1olume totals were
5244 cc 1 a honzontal and 4732 ¢ n a standing position or a decrease of
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6 percent Aull and McCord (4) found that the concentration of serum
protein (phosphate turbidity measurement) averaged o8 g /100 m! more
(an 11 percent increase) when medical students were ambulatory than when
they rested 1in bed A complementary expeniment (75) was done on 30
pregnant, ambulatory women At the cnd of one hour of supine rest {10}
lowing a wall) a sigmificant decrease (from the value at the end of the
walk) was found in the concentrations of total protem, albummn, and globu
Iin 1n the blood Since the capillary walls are relatncly impermeable to the
serum pratems, this imphies that when supine, there 15 usually a water shift
from the terstiial fluid to the plasma Widdowson and McCance (97)
determined a dynamic picture for this water shaft which appears in Fig 112
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Although the abose studies present sumilar qualitative results, they differ
quantitatnely With the caception of Waterficld s work, the data are
direct, nevertheless, the increase 1in concentration of the larger molecules 11
the blood with standing (and ! if m concentration of the
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Cb som, which travels readily wath water and available cations) a5 most easily
explaned by a tempotary loss of plasma water which slowly retums from the
mterstiial space with contsnued standing This effect of posture should be

d and dered m the pretation of fud shifts attnbuted to
a pasticular type of exercise

ACUTE EXERCISE

This sectvan 15 desated to the effects of a single hout of evercise (acute
exereise) on the transfer of water from one compartment to another The
pre 1940 hterature has been reviewed {44) and shonld be consulted by the
wmiesested reader

Hematoent, blood hemoglobin, and senum proten concentrations usually
mncrease with excrase Hemaconeentation during exercrse reflects the loss
of 2 relatnely protem free flmd from the blood and not an inerease 1 the
volume of sed cells {55} The loss of fimd occuss largely at the expense of
plasma yolume Hlemoconcentration from relesse of concentrated seques
tered blood stores 1 probably selabn ely unimportant 1n exeressing mas (66)
Spleme contrachion, which adds blood nch 1n red cells o the cuculation,
tales place m exercised dogs and cats, but has not been observed s humans
dunng exercsse (23,27}

Dunng hght and moderate worh, the obsened hemoconcentration
(hematocnt and plasma protem) and reduction w plasma solume 5 ouly
shghtly greater than duang prolonged standing {26 44} Howerer, dunng
severe exercese considerable hemaconcentration and teduction @ plasma 1ol
uine have been found (4443} Whle a mimmum duration of work s re
gured to ehate measurable hemaconcentration, worh contwwed beyond
this minsmum may uet alter hemvconcentsation apprecably (433 and m
fact may result 1 return to the pre-cxercise values unless defyydration ac
compames the work {1,89) Thus hemoconcentration may nctease wuhially
with the start of exercise and then graduslly return to mutsal vakses unless
dehydration ensues

Table 11 2 summanzes snformation showing the decrease m plasma voi
wme with short term exeraise {five munutes to one hour) Studies m which
the exercrse vaned from hght to exteemely sevete were selected to present
the range of hemoconcentrakon and plasma volume reduction obsened
sshen exercise 1§ vaned 1n mtensity *

311 many studies mcasuserments were made of both the wctease n plasma protan and
T 1824 cancentration due to exeruse The decrease o plasma volume, eshmated from
the change m concentratian of T 1824 was much Jarger than that esmated from plasina
proten The wsnal T 1824 procedure has meohed campansan of the dye caneatration
1 the pastexciause sample with that assumed to eust (3t the moment) m pre rxewmse
Hood as calewlated from the cate of disappeasance of the dye A small error 39 estimating
the pre-exercrse value from the slape of the disappearance cune (pasticulardy when the
postexercise dye concentrabons have been measured from one o three hours poshn



216 RICHARD MOQRE AND ELSWORTH R BUSKIRK

Tasie 11 2. Change m Plasma Volume as a Result
of Acute Eaercise of Vanous Intensities

Dura
tion, Plasma
Type of Min- Volume Change
Work Seventy utes  (Pr)® (T-1824)* Reference
Walling 35 mph, 10% grade 15 100 129  Casscls & Mo(x}%)
Runnmg 67 mph, 86% *“ 2-5 124 163 “ “
Bigycle 400 kgm /mun 10 125 133 Kaltreder &

Meneely (4)
Bicycle Rude to exhaustron 55 2 21 “ “

* (Pr) = decrease i plasma volume as caleulated from plasina protemn concentration
dxang;. 1 percent of the preexercise value
*(

1824) = decrease 10 plasma volume as caleulated from T 1824 concentration,
m percent of the preexcreise value

In competitive lumberjaching, one of the most severe forms of protracted
worh, hemoglobm and ervthrocyte concentrations were reduced as a result of
a whole day of work (46) Dunng the mght, following the day of lumber
jacking, partial recoserv frequently occurred 1f partial recovery dunng the
mght did not occur, the lumberjack could not continue at the same rate of
work the next day Concentration changes such as these probably do not
refiect plasma volume changes, howesver, 1t would be interesting to hnow

what, if any, changes in plasma and 1ed cell volume occur duning Iumber-
jacking activities

jection} may result m a large eror m the cstmate of plasma tolume More un

portant, Ebert 20d Stead {25) report that the optical density of the plasma sample

measured postexeraise 1 unexpectedly high This 15 due mot oly to the mercased dye

concentration (associated with the exeraise mduced plasma volume change), but also an

u;crc:sc {of up to 4o percent of the total change) 1n the optical density of the dye free
plasma

) ue exclusnely to dilu

cause overcshmation

- ’ asured by colonmetry,

- by colored impuntics

b = =r it vaean duing sampie collection, hemolysts,

of hpemia Aceuracy can be smproved by quantitatne extraction of the dye from the

), or the addition of a detergent

. - 1824 and the exercise sample, the
plasma volume cstumated by T 1824 concentration Cor::seands emore closely Pta the
volume estimated by plasma protein concentration (44) No distinct advantage 15 3p
patent W wsing T 1824 (rather than plasma protein) concentration to estmate the
change 1n plasma volume wath excrcise” Plasma protein congentration peobably mumors
the change m plasma water unless a change n proten metabolism occars, eg, crcum
stances which produce 2 negative mitrogen balance such ag dehydration (69) To our
\nov\kr?e. the newer techmiques for labeling red blood cells or components, 1€,
Cr®t (§6), Fe*s or 32 and P** (10) have not been used to confirm the yndircct obsenation
that the red blood ccll mass 1 relatiely unchanged as 2 result of exercise
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Only limited and somewhat controversial information 1s available on the
change of extracellular flud, especially interstitial flud, with exercise
Cullumbine and Koch (19) studied 13 Ceylonese adults who were asked to
step up a zounch step at the rate of 30 cycles per minute for 5 to 10 mn
utes This work was accomplished readily and was therefore labeled as
moderate by the authors A mmed mjection of T 1824 and NaSCN was
admumstered prior to stepping The exercise was performed between 20 to
40 minutes after the mjection Plasma volume decreased 225-8c0 cc while
SCN space and nterstitral flurd both increased The mcrease mn iterstitzal
fluid was greater than could be accounted for by plasma water loss The ex
periments were repeated vsing an mjechon both before and immediately
after the exercise wath the same result The peak value for interstitial fluid
occurred somewhat later than peak hemoconcentration This finding sug
gested that the interstibial space had gamned fluid from the cells In recent
expeniments on oarsmen who rowed at a high work rate (058 hp for 6
nunutes}, no change m thiocyanate space was observed as a result of the
work (55) Although plasma volume was considerably reduced (06-19
Iiters) by the rowing, the efflux of plasma water was apparently taken up n
the mterstiial spaces

MecuanNisms

‘The loss of relatively protein free filtrate (some protem 1s lost, see below)
from the vascular system dunng exercise 1s probably due m part to the m
creased intravascular hydrostatic pressure which accompanies exercise Pe
npheral, mean artenal, and venous pressures are usually elevated dunng
exeraise from the ncerease mn cardiac effort The elevated intracapillary hy
drostatic pressure, which must accompany the mcrease in mean artenial and
enous pressure, 1s apparently sufficient to effect a net transfer of water from
the vascular to the extravascular compartment (77,91} The correlation be
tween increases m brachial artenal and venous pressure and decreases 1n
plasma volume has been reported to be small (16,44) However, that portion
of transcapillary water flow which s due exclusively to hydrostatic pressures
depends on the effectn ¢ transcapillary pressure difference Since the observa
tion of brachaal pressures does not reveal the value of this gradient (par
ticularly i patts of the body other than the arm) brachial pressures may be
of hittle value in explaining vascular flwd loss

At least two other findings are important in a discussion of water loss from
the vascular system dunng exercise Furst, a change m vascular wall per
meability probably occurs because a small protein loss to the extravascular
flud (22,58) and through the hidney (65) accompames the water loss (1
percent of filtrate estimated as protem [49]) When protemn 15 lost, effectne
osmotic pressure 1 the penpheral vascular system decreases (49) Second,
peshaps cells that are metabolically active become hyperosmolar (81), par
ticularly 1f hypoxic conditrons ewst m the cells (78) For example, electnic
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shock convulsions (g6) as well as respiratory hyposia (3) result in shift of
water into cells ‘Thus both processes would fas or transfer of water from the
vascular system and supplement the cffect of increased vascular hydrostatic
pressure As HyO 15 lost, plasma proten concentration increascs, which
clevates plasma osmotic pressure with the result that the rate of plasma water
loss 15 curtailed In addition, dunng severe exercise free calcium may be re-
straned from diffusion, resulting mn a net mncrease m osmobic pressure
(47) Other factors than those mentioned contiibute to the remonal of water
from the vascular system dunng exercise Precise quantitation of their con
tnbutions remarns to be accomphshed

Dunng exercise the muscles pump lymph through the lymphatics at 3 rate
presumably related to the seventy of physical actvity This lymph enters
the vascular system and the contained protein 15 added to that already m
blood, thus contnibuting to serum concentration In dogs, the rate of flow of
thoracic duct lymph may be mcreased threcfold or more over the resting
rate with moderate exeraise such as treadmull walling (29) The total
contnbution of lymph proten to blood 1n the dog 1s still insufficient, how
cver, to explan the ciease m serum protein concentration obsersed follow
g exerasse The relative contubution to hemoconcentration, at vanous exer
ase levels and/or flnd exchange, remarns to be evaluated particularly m
man

The body responds m a dynamuc fashion and several mechansms stmul
taneously affect flnd shufts 1n exeraise The mechanisms may be altered wath

CHRONIC EXERCISE
TrANING

The term traning 15 used to descnibe exercise Tepeatedly undertaken for
a speafic purpose (preparation for a mile race) and includes short term
physical conditiomung (an exeraise program undertaken for a month or two
to improve work capacity) Tramng 15 not meant to mnclude an excreise
program whch 1s followed for years, this bemg covered m the scchion 01
“habutual exercise,” although the effects of sustaned tramng and habitual
cxereise may be similar

Brooo VoLuME

The effects of traimng on blood volume reflect changes n both plasma
volume and red cell volume There 15 some disagreement as to spccxﬁc
changes 11 these volumes brought about by traming Kjeliberg (50,51) and
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Sjostrand (82) reported that people tramed i competitnve spotts showed
a sigruficantly higher {41-44 percent) total hemoglobin (carbon monowde
space CO) and estunated blood +olume than people not specially tramed
However, hittle change in hemoglobmn content per umt volume of blood was
noted between the untramed and tramed people They reported a quakta
tvely ssmilar finding {10-19 percent increase in tofal hemoglobm} sn fous
adults who shied mne days at altitude In mterpreting these studics the fol
lowing should be considered the ultimate fate of CO 1 the body 15 not
actually known CO 15 tahen up by myoglobm as well a5 hemoglolen ard
total myoglobmn mncreases with traming (61,18,93), also, altitude has been
found (7,42) to merease 1ed blood cell volume, hemoglobin concentration,
and to imcrease total myoglobm (18,03} 1n the absence of traming A combs
nation of exercise and albtude expasure summate to a humted extent What
may happen with trammg 15 an increase in musele and myoglobin mass with
a perhaps paratlel, but unknow n, mcerease m total circalatng hemoglobin

In a recent study, no significant change was found m plasma volume
(T 1824), blood volume [T 1824 space/{1 hematoent)}}, or red celt volume
m five soldiers who underwent three wecks of physical conditioming (cross
country runmng and orgamzed gxereise, 8)

In nesthes of the above studies was the day today vanahion obsened
Houener, the day to-day vanation has been followed i dogs (Fig 11 3, 20)
In dogs, traimng produced an imitial seduction of ery throeyte concentration,
hemoglobin per umt \olume of bleod, and blood solume {(CO method)
As traming was contizued, these salues not only retumed to, but exceeded,
the pre-exercise vatues and then retumed to pretramning valucs as shown
wm Fig 113 Sumilar obsenvations of changes i hemoglobin concentration
with mtensne trning were obsened 1 one man (2) The homoglebin
content per red blood cetl may be low throughout tramsng or retum to
rormal {90}

Sexeral mechamsms mav affect the changes {2 90} of the blood picture
with exercse With the onset of mtensne traming, there s 3n ancreased rate
of destruction of red blood cells (90,2} wath a resulting imtial decrease 1 red
blood cell concentration This 15 followed by release of unmature crythro-
cytes such restose the red blood cell count, but the young cells are relatncly
deficsent m hemoglobin Thus Jeads to a reduced Hb /rbe rabo {4 ta 1y
percent, 2) shile total hemoglobin may not change appreciably As traming
contanues erythropoiesis may proceed at a zelatively high rate and then de
crease to a new cquhbnum In addstion to the above processes, the cffects
dunng tramng of the endocune glands on the rates of prodischion and re
lease from hemoposetic tissues of the formed clements of the blood desene
elucdation

The changes with trumng m flmid volumes other than blood solumes
hasc not been studied extensnely Ouly one study was found in which extra
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Fic 113 Relatne changes i vanous blood components dunng ¢
penod of plysical exercise Dogs 1 and 2 were excrcised by treadmill
runnmng at 33 percent grade for 6 mules daily Dogs 3 and 4 were €
ercised by swimming for two hours daily 1 water at 30°C Exercise
penods lasted fous to nine weeks and were followed by dan observation
period (Dawis and Brewer, 20)
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cellular flud (using radiosulfate) and total body water (using D,0), were
measured before and after a traming regimen. In this study (70), vanous
body composition measurements were made 1n 12 men before and after a
3 week paratrooper traming course All had just completed a 12 week basic
training course so that they were m reasonably good physical condition at
the start of the study Dunng the paratrooper traiming the step was presum
ably one from a good to a better state of physical conditioning for walking,
running, Lfting, and carrying The results are presented m Fig 11 4 Extra-

¢ 0 20 4 50 & 0 X LOGRANS
=2 2 DL 2L ¥ X 7
(TR 7 5 o 7z AT ew ke 5 1] BEFORE WEIGHT BASIS
EDRNETEN N W LRSI Y [[57) AFTER

% BASIS
E Y Cemm et
< ] 20 30 o EJ ) 70 ) 80 100 PERCENT
M £ v EXTRACELLULAR WATER BZZZ1 €W INTRACELLULAR WATER
ETTes caw souns [ sone wneRaL L) T8 -ToTAL B00Y WATER
€M CELL MASS. [~ TRCNS

Fic 114 Body composition of soldiers before and after paratrooper training
Paratrooper traiming was of three weeks' duration

Methods ECW  radiosulph space, TBW d oxide space, ICW
TBW — ECW, CM =ICW/o7, CS =03 CM, B =o0134 ICW, F =
esttmated from body flurds (Pascale, et al, 70)

cellular flwid did not change Body fat decreased and fat free body weight
mereased Total body water also increased which meant that the increasc
intracellular (total body water mumus extracellular flud) water was respon
sible for the mercase 1n total body water and was related to the increase
fat frce body wexght (sec Habitual Exercise scction)

Though “cell mass” 1s presumably hydrated at a constant level (59), there
are quantitatnne differences in muscle with training (9‘:‘) \\hyx,ch may mean
that the tramming induces a change m hydration of the “cells * It 1s unlikely
that the present methods for determining the relationship between “cell
mass” {51) and its water content would clanfy this pont An independent
method for determming any one of the following nebulous and mter-
related items would be useful muscle mass, cell mass, actie tissue, and lean
body mass
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HABITUAL EXERCISE

Habitual exercise 1s defined, for our purposes, as excrase engaged i for
months, often for a sigmficant part of the subject’s Iifetime Several studies
(95 11,13) have compared body composition data (including body fluds)
from men who have habitually excraised with similar data from sedentary
men These data are presented 1 Table 113 The results show that habutual
exeraise 15 assoctated with a greater body specific gravity and/or density

Tante 113 Body Composition and Actwity Habitus
{A Compilation of Three Studres)

Study 1 Study II Study 1
Welham & Bchnke (95) Brozek (11) Buskirk (13)
THabit Habit

Naval  Toot |ually Hab | wally Intra  Var

Actiuity Per ball  |Seden  wal |Seden mumal sty

Habitus  sonnel  Players | tary  Exerase| tary  Athletes Athl* Runners
N =5 23 27 29 15 8 H

6
Av age — — 522 529 | 22 2 21 20
Avwi lg 726 912 | 783 815 | 775 795 734 658
Density 1074 1080Y 1044 1049) 1057 1075 1091 1080
% Fat® 12 94 | 272 243 | 165 94 36 77
% FF 88 906 | 727 757 | 835 906 964 923
% TBW*  — - - - 543 6177 611 —

% SCN* 239 254 253 —

% ICW* 376 439 434

“Varsity athletes wrestlers football players and st

* Speaific gravity not density P 7 gymnasts

* Calculation of pescent fat from body density or speaific gravity was different  €ach
stady Therefore compansons should be made betwoen groups i a study rather than
among studics

“Percent fat free body weight = 100 ~ % Fat
* Percent total body water (Antipyone)
IN=3

*N=4

* (SCN space/wt ) X 100

* Intraccllular water= 5 TBW — 07 % SCN

Since the density of fat 1s about 0 go at 37°C (31) and that of 'cells’ ap
proumately 1057 (48), the denser subject will have a proportionately
greater fat free body weight, or “cell mass, than his less densc, obese coun
tespart Fat contains 2030 percent water (74), while ‘cells” contam 65-75
percent (48,68) Hence, a greater percent of fat free mass 1s associated with
a greater percent of total body water in the subject This 1s shown m Fig 113
{13) The results were obtained from three groups of students who vaned
with respect to the type and amount of habitual physical actvity The rela
tionship between total body water and fat free w eight does not appear to be
modified by activity habutus (sce later subsection)
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A companson of plasma sed-cell, and blood valumes in the same groups
of umss exstty students 15 presented n Table 51 4 No sigmficant differences in
any of the bload volumes were found between the groups no matter which
unit of reference (total body weight or fat free werght) was used The ath
Jetic group w35 not accustomed to frequent bouts of evbaushing evercise m
solvng hypoxic conditions at the cellular level {peshaps the necessary stmu
lus to nduce redcell ¢hanges and hence changes 1w blood volume) The
atbletes were wrestlers, football players, and weight hfters

] 1 H T T T T ¥ ¥
12~ .
a
680 4
& o
64}~ » .
. . LX) a
80}~ N
%Taw .
56 a o
N
L .0
s2}- . a -
48~ ¢ i
a9}s, -
40 S SRR WUV AU UGN SRS SUGIUOE UNUNS T
70 74 78 82 €6 90 & 9§ ©z w06

% FF W
Fic 1n s The vanation an percent of total bady water {6 TBW )
and percent of fat free body werght {4 FFWt) wn three gronps of

tudents 1arymy hysical activity habatus (Buskisk 33
s:‘ s‘?‘s t’},'x o mopl) el pi A Varsity athletes

b P

Companson of red-cclt volume in selation to hesght and weight 1 prison
inmates vevealed that the mmates accustomed to considesable physical
actisaty passessed only shghtly lasger red-celt volumes than the mmates with
sedentary habats {10} 1t would be desizable to estend tis ol to cover the
entwre vange of physnical achivities to clanfy the impact, if any, of habitual
physical actinaty on blood solume

Body fatness was s ersely related to the estent of parheipation 1o physical
actnity, 1e, athletes averaged less fot than mtramural participants \sh(}
averaged less fat than sed: students The prop of cell sobds
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and fat free body weight was greater m the athletes than m students who
were less active Total body water and intracellular water were propor
tionately smaller m the sedentary students than n the two more active
groups No significant difference was noted 1n the fraction of extracellular
water among the three groups (13) For related studies on ammals the
reader 15 referred to the work of Kohlrausch (54) and Mitchell and Hamul
ton (62}

DEHYDRATION

Dehydration frequently becomes a problem 1n athletics because (1) dur
mg severe work, sweat and respiratory water losses are usnally high m most
environments, (2) water losses frequently are not replaced, either because
of the demands of the actiity or behiefs on the part of coaches and tramers,
(3) weight has to be “made’ immediately before performance and oppor
tunity may not be provided for suffi water repl. {4) coaches
have been known to restuct daily water intake as well as diet to ‘mprove a
tramng regumen Thus practical water balance problems anse m athletics
which can arbitranly be divided mto two categones, acute and chromic
dehydration  Chromic dchydration denotes the negatne water balance
which 1s sustained for a day or more Acute dehydration denotes the nega
tive water balance which occurs as the result of a single game, contest, or
penod of making weight

AcuTE DEHYDRATION

Dehydration should be viewed as a potential source of debilitation 1n ath
letic events which require sustamed high rates of energy ependiture and
production of large amounts of sweat The mteraction of a hot environ
ment and hard work usually predicates considerable dehydration Marathon
running and tenms matches 1n the heat are examples of situations favonng
substantial body water losses Measurements of body weight loss (propor
tional to body water loss), pulse rate, blood concentration, and body tem
perature changes have been made i connection wath athletic participation,
as well as with field and laboratory research (1,6,24) The elevation of rectal
temperature wath exercise 1s directly proportional to the extent of dehydra
tion (above a z-3 percent body weight loss, 24,63) Hemoconcentration, as
reflected by an el m} it, and | larly by an elevation
plasma pu;tem concentration, 1s produced by moderate exercise and asso-
ciated dehydration (1,24) The extent to which dehydration supplements
the hemoconcentration nduced by vanous types of physical work or the
duration of work 15 not settled (1,6) With dehydration dunng walking n
the heat, the serum refractn e index difference (whech reflects change in total
serum solid concentration) mcreased 1 proporhion to the water defiait
and reached values of about +25 percent with a 10 percent water deficit
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(percent of imtial body weight, 1) With acute dchydration dunng exer
cise, the changes in body flud volumes may only be inferred Adolph (1)
has estimated that with a dehydration loss of 6 percent of body weight, the
plasma loses 15 percent of 1ts mihal volume Expressed as a proportional loss,
1¢, percent plasma loss/percent total body water loss, the ratio was approxt
mately 5 2, indicating that percentagewisc, more water 1s lost from plasma
than from the remaiming flurd volumes The red blood cells also lose some
water Thus the circulating blood volume 1s reduced and eirculatory defi
ciency ensues The elesation 1n heart rate 15 due to the crculatory stram
Swcat rate continues unaltercd (1) or perhaps only shghtly dimmished (10
percent) with acute dehydration (34) The continued loss of body sweat 1s
the factor responsible for the reduction i the airculating blood volume

It 15 1nteresting to note the enhanced tolerance to dehydration by well
conditioned individuals In well condittoned marathon runners who sus
tamed 2 5~7 4 pereent body weight losses dunng runnng, a performance
decrement was not perccptible Running pace was mamntamed essentially
constant and spunt finshes were frequently attempted and accom
plished (24)

Turther laboratory expenimentation also indicated that physeal condition
1ng for cross country runming augmented abihty to work m a 25 5°C (78°F)
environment when dehydrated 5 percent of body weight These findings con
trast somewhat with those obtained on men who become dehydrated in the
heat In the heat, physical condihomng for wallang did not partscularly alter
the commonly observed debihitating effects of dehydration of the order of
25 percent of body weight loss (1) Whether physieal conditiomng for
runming would cnhance work performance when dehydration exceeds
5-7 percent body weight loss remains a moot question Dehydration of this
magmitude may readily occur duning distance tunning m the heat

Curonie DemybrATION

Although chromic dehydration 15 not usually a problem in athletics, cucum
stances anse which may produce chrome dehydrations of unknown magnt
tudc, 1¢, when weight loss 1s meurred by food and water restriction m order
to make weight and when water restnction 1s enforced by coach or tramer 35
part of a truning regrmen Recent evidence (37,63) suggests that chronic
dehydration affects the body rather differently from acute dehydration
largely because compensatory mechansms become established

Dehydration {accompanicd by calone restriction) was meurred slowly 18
a cool environment at a fived level of water intake 1 men who pcxfoxmcd
hard work dailly Water balance was restored m five days at 1800 ¢c 2 day
water mtake and was nearly restored 1n six days at goo cc a day In this
situabion no d m work perf was obsencd although there
was an mcrease 10 rectal temperature and pulse rate with dehydration Water
consenation also occurred (decreased sweat rate, respiratory and msenst
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ble water loss) Water conservation has not been noted when men work
under conditions of high environmental temperature (56,71) ‘Water con
senation with chromic dehydration dunng hard work was achieved at least
mtaally, by the elevation of body temperature duning worh In general, the
rectal temperature response to work was higher the more dehydrated the in
dividual, but the trend was not apparent until a negative water balance of
—2 to —3 kg was reached The decrease in sweat rate as dehydration
progressed may reflect an altered sensitivity of the mechanisms governmg
the response of the sw eat glands to an elevation in  core temperature Thus
water 1s consersed at the expense of thermostasis—a response not unlike that
found in the camet (79) Unfortunately, shifts m body fluids as a resuit of
exeraise were not followed duning the course of the chronic dehydration ex
penments

WATER REPLACEMENT

The natural correction of dehydration 1s impossible without the operation
of the thust mechamism The sensation of thirst i the exercising man 1s sel
dom sufficient to maintam adequate hydration

If possible, the mdvidual should be given water to replace the water
defictt, o, at least, hmit 1t to the approsmate 21 of free circulating water
postulated by Ladell (56) Further repl may be Re
placement of loss should also include replacement of the salt This 15 usually
best accomphshed by adequate salting of food (see chapter 17)

One interesting example illustrating the importance of adequate water
replacement 1 the face of potential dehydration s that found m moun
tameenng Only liumted amounts of water are usually carmed on expedt
tions Unless snow 1s eaten directly, water must be prepared by melting e
and snow—a tedious tash which 15 frequently avorded at altitude Water loss
from the body occurs at a relatwvely rapid rate because of the mcreased
ventilation volume and the large vapor pressure gradient between body sur
faces (skin and lungs) and the ambient air The success of the Mt Everest
apedition 1n 1953 may have depended 1 large measure on provisions for
msurtng adequate water for the cimbers (59)

HEMORRHAGE
The immediate effect of rapid hemorrhage {of 500 cc ) 1s a decrease mn
sendent on the
plasma accurs
. R bath blood gas
transport capabilities and cardiosascular dynamics, 1€, stroke volume, heart
ate, venous return, vasoconstriction, etc, at a gwen exercise level The
blood volume deficit 1s gradually restored by the mnflux of water from the
mterstittal fluid and perhaps mtracellular spaces The plasma volume may
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revert to normal withun 24 to 48 hours and may exceed notmal withn 2 week
or more The red-cell concentration and volume 15 restored more slawly and
mmay take three to six weeks to regam the prehemorthage level (37)
Determmation of the effect of blood loss on physical performance has
been attempted 1 at least three ways by assessing (1) the pulse mate s
sponse 1o a fived worh I0ad (84), (2) the time to exhaustion at 2 fised
work Yoad (45, and {3) the response of several physiologseal vanables, 1¢,
heart rate, blood pressure, maximal ventilation, ete, dunng the performantce
of a contmually ncseasing work task (5) The tesults obtamed wm these

7«
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Fic 116 Effect of hemorthage on work capacity Subject
J L, working on a bueycle ergomcter at a rate of o 507 korse
power, 117 pedal revolutions per munute Pomnt (a) ndicates
loss of 500 ce of blood for transfuston and pont (b} @ sumlar
loss five weeks later It took three weeks to recover completely
from thi effects of the loss of blood (Karpovich and Mull
man, 45

studies support the view that work performance 15 reduced for one or mose
days fellowing hemorthage, however, the results aited do not necessaily
present a clear and consisicnt picture

The fact that pulse rate 15 igher during the performance of warh after
hemorthage (84) only veflects the change i cardiovascnlar dynarmcs and
may bear hittle relation to acrobwe capacity, total work capacity, of ather
ndices of performance {88)

Since the subject 1w the study mentioned under (2) was a well tramned
athicte (athletes may recogmize their work capaaity more readily than nov
athletes), motwation may hase been mamtained at a Ingh level so that
the decrement m tength of worl. after hemorrhage reflected at true decrement
1 wark performance ‘The shape of the work perfonmance cune (sc€ Fig
11 6) after cach of two h 1 and the vanability of the length of
tune worked from day to day implies, however, that motaation had an cqual
or greater impact on the performance cune than hemonrhage Examples of
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collapse and poor performance m athletic events after hemorrhage may
provide better evid of d d physiological rather than psychological
capability {45)

Balke and others (5) have detenmined what they term ‘ optimal work
capacity * after hemorthage Interpretation of the records for pulse rate,
systohc blood pressure, ventilation volume, etc, provided end pomts for
cessation of the test The test consisted of walking at 35 mph on a tread
mull, the grade of which was increased % percent of belt travel per mmnute
Table 11 5 gnes the time 1n minutes at which spectfic physiological events
related to “optumal work capacity occurred on the average for the group of

TasLe 115  Sequence of Cutical Events, Before and After
Hemorrhage (500 cc ), When Work Load Excecds “Oph
mal Work Capacity
{Average values giving time of occurrence 1n minutes after
the start of exercise®)

Con 2-3 8-10
trols® Days*  Days'

Pulse rate 180 287 265 308
Resprratory exchange ratio > 1 287 264 307
Oxygen pulse maximum 280 265 308
Alveolar pCO, falls 280 2758 308
Resprratory rate nses 280 265 306 .
Pulse pressure maximum 300 265 308
O, mtake masimum 308 285 327
Tests terminated 315 290 338

Source  Balke et dl (5}

“Eaeraise treadmill walking at 35 mph slope was mcreased
147 of belt travel per minute

*Controls hemorthage

©2-3 days posthemorthage

4810 days~ posthemorrhage

14 men studied From these data, the authors concluded that ‘optimal work
capacity” was sigmificantly reduced at one hour after hemorthage Results
obtaned at 48 and 7z hours {2 3 days) after hemorthage were not sigmifi
cantly different from control values, while at 8-10 days after hemorrhage, a
statistically sigmificant 1mprovement m ophimal work capacity over the con
trol prehemorrhage value had occurred (Data of Karpavich and Millman
[45] do not support this latter observation ) The authors explan the im
provement in optunal work capacity at 8-10 days after hemorthage as due
to the overrestitution of the plasma volume, which leads to a larger circulat
1ng blood solume This explanation 1s supported by the observation of a
Tower pulse rate when performing at a fixed work level after venous infusion
(84)
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3

Altbough the results p ase hat they do livs
trate a general decrease 1 cardiovascular “reserve” after venesection which
15 restored 1 from five dags to thice weeks later. One mnteresting queshion
has not been answesed by the work ated How does hemorthage saffuence
ability to dehver orygen to working muscle, pasticularly at sevese worh Jew
els? In other words, how 13 the maximal asygen mtake altered? Total o
culating hemoglobin 15 veduced after a 500 cc. venesection by about 7-10
percent 1s a decrement of thus magmitude sufficient to reduce acrobic capac:
ity? The maximal oxygen wntakes m the hemorrdiage expenments reported
by Balke, et al, are well below the levels commonly measured by a test de
signed specifically to assess maxmial oaggen intake (88) It has been sug
gested that aerobic capacity 15 dependent on total cirentating hemoglobm
{52,53). hemorthage would afford 2 good oppostumity to mvestigate this
premise and to gue further maght mto factors himting serobic capaaity.
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12 J CLIFFORD STICKNEY AND
EDWARD ]. VAN LIERE

The Effects of Exercise upon the Funciion
of the Gastrointestinal Tract

SUMMARY

The imvoluntary muscle of the stomach walls contracts actely and thyth
nucally during the digestion of a meal, and m some people, when the
stomach is empty or nearly empty In the latter case the actnvsty goves nse to
hunger pangs Mild exercise such as walking 15 gencrally without wnflu
ence on the stomach contractions, 1y it may be 17 Serere
and exhausting exercise usually depresses the stomach actnity, but followmng
the eercise there may be a rebound of actity to greater then usual Dunng
violent exercise following a meal the human subject may Bave distress ref
erable to the abdomen which may culmunate nausea and yonuting

Much work has been done to deternume the effect of excrcise upon the
production of the digestne secretions m the stomach where the food first
begus to be acted upon by digestnve enzymes In generdl, the effect of light
or moderate exercise before or after a meal 15 to leave the secretory funchon
unchanged, although, as with the contractions, there may be stumulation
Severe and exkausting exercise reduces the sccrehions of the stomach Thus
may be brought about by competstion of the actne yoluntary muscles for
blood, by a chemical substance rcleased wto the blood by the muscles oF
cls.l.-;mcm, or by both The psycluc state of the person may play a part o
Wel

Very lttle 1s known about the effects of exercise on the pancreas, the
Iner, or the small and large intestines In general, moderate exercise scems
to be without effect In one study repeated daly exercise stymulated the

of the small which are responsible for propethng ma
terial through them

Funally 1t 15 concluded that exercise when moderate pernuts the digestn€

236
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tract to function normally Severc exercise following a meal may produce
alterations i digestne function such that the rate of dong work may be
imuted, but thanks to ¢ large margin of safety, one cannot say that perma
nent harm to either digestive or soluntary muscle function has occurred

THE SALIVARY GLANDS

Donaldson (18,19,20 21,22,23) has made an extensive study of the effect
of exercise on the weights of vanous organs of albmo rats If instead of re
stucting rats to a sedentary cage Life they are provided with a revolving drum
for voluntary running, many changes occur Among these 15 an mcrease
wet weight of the submaxllary salnary glands The increased size of the
gland 1s due to the presence of cells with increased dimensions, and possibly
also to an increased number of cells It 1s not known whether the enlarge
ment 15 brought about by the exercise per se or by secondary effects such
as increased appetite and food consumption

GASTRIC MOTILITY

‘The actvity of the stomach may be somewhat arbitranily divided 1nto a
motor and a secretory function The motor function 15 based upon the
activity of the smooth muscle in the walls of the stomach This activity may
conssst partly of tone, 2 mamtamed but slightly varymg tension upen the
contents of the stomach, and partly of more intense mtermuttent contrac
tions which constitute hunger and digestive motihty

GasTric HUNGER CONTRACTIONS

Hunger contractions of the empty or nearly empty stomach have been
customanly studied with the use of balloons—either ntroduced mto the
stomach by way of an esophageal tube m mtact man or duectly through a
gastnic fistula opemng—and inflated later 1n man as well as n ammals The
hunger contractions were first extensnvely studied by Cannon (11) and by
Carlson (12), both of whom, as has recently been shown, probably exag
gerated thar role 1n the production of the phenomenon of hunger (27)

It would scem that the present view of the gastne hunger contractions
relegates them sumply as the cause of the gastric component of hunger (hun
ger pangs) m a relatively few persons If they senve any further function, no
certain proof has been forthcoming The effect of exercise upon this phase
of gastric actmity might seem, at first glance, therefore merely academic
However, since the effect of cvercisc upon other companents of gastric
function 1s still disputed and not clearly understood, 1t sl be profitable to
consider the effects of exercise on hunger contractions

Carlson made Ius studies of tins problem on both dogs and man Dogs
with simple gastne fistulas, and which ran willingly on the treadmull, were
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used The dogs were studied for two to four hours after a day’s fast Runming
on the treadmull was alnays mhibitory to both tone and hunger contrachions
‘The higher the speed of running, the greater was the amount of minbition
However, 1f the excraise (four to six mules of brisk walking outside the
laboratory) preceded the recording of contractions no cffect could be seen
In five human subjects the effects of standing and of walkmg or runming
n place were observed, and also the cffect of previous exerase Neither
standing nor wa T -
promptly inhiby
found i the doy, - . .
human cascs, the confirmation probably rules out emotion as the cause of
the mhibition 1o the dog
The effects of exeraise immeduatelv prior to the recording session was
made m man after playing tenms or walking s to taelve miles The 1m
presston was guven that if the exeraise was moderate, there was increased tone
and hunger contraction actiaty, but that if exhausting fatigue were present
there was a tendency toward inhibition

Gastric Dicestne Morum

The ¢
stalses 1
Since t]
tents, but also to mose the contents on to the duodenum, the rate of gastne
emptymg reflects the effectivencss of this activity

Campbell, et al (10) m 1928 were apparently the first to make a quantt
tatne study of the rate of gastne emptying as affected by exerase ‘They
used a modification of the Boas meal (oatmeal gruel) as a test mea] On the
basis of volume of gastnic contents and concentration of reducing sUgars
and also of percent of solids at the end of one hour they calculated the per
cent of the meal remaing in the stomach I'rom this value it can be deter
mined that severe exercise, as 1o running 1-4 mules, n 7 different men pro-

VIV DM She LMY 61 LMIM L UL AL U KU Sy g B e e = =

pearance of the shadow gave another measurement—the gastnic emptying
time
'

- v .
produce a normal gastne emptying time It 15 ;ot known what nught haw¢
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happened 1f the exercise had contimucd unabated throughout the time the
meal was i the stomach, but it seems likely the conscquences might have
been quite uncomfortable

In another study m which gastne motility was recorded by means of an
mtragastnic balloon, mild excraise was seen to have no effect, but mote severe
exercise was depressing {31)

In summary, the studics of the cffect of cxereise on gastnic motility show
that as a rule mild or mod C\eICIse 1 & lly (although 1l
stmulating) without effect, but that violent or exhausting exercise 15 defi
mtely mhibitory

GASTRIC SECRETION

There are present w the wall of the stomach three or four different types
of gland cells In the body of the stomach are found the gastnc pits leadmg
mto simple branched glands The pred cell here 1s the chct cell
which elaborates pepsimogen, which 15 the mactn e precursor of the protea
Iytic enzyme, pepsm Also present 15 the panctal or owntie cell Its function
15 to secrete nearly pure hydrochlonc acid m a solution whose osmotic pres
sure 1s the same as that of the blood plasma At the entrance mto the gastne
pits there are gland cells which secrete an alhalme mucus Other mucus
secreting cclls are present i the cardiac and pylonc glands The presumed
function of the mucus 15 to coat the mner hmmg of the stomach m order
to protect 1t from the corrosne action of hydrochlonic acid and pepsin Since
gastuie juice 1s made up of the contnibutions from sevcral different types of
gland ccll its composition 1s not neecssanly constant

Lattle 1s understood of the control of the secretion of mucus i the stom
ach It 1s known simply that the presence of imtants such as cugenol calls
forth copious amounts of mucus

Gastue juice produced m connection with meal tahing 15 controlled 1
two phases The refiex or psychic phase mmbiates gastne puce nich m pepsin
and hydrochlone acid The vagus nerse 15 the path by wluch unpulses are
discharged to the proper gland cell The impulses are called forth 1 the act
of eating 1 response to stimulation of taste, smell, and enjoyment of the
meal

After food 15 present n the stomach further seesction of gastnc yuice 15
mamtamed by a humoral factor which may be gastrn, the long postulated
gastnc hormone The presence of food causcs the claboration of a chenmeal
agent within especially the pylonc mucosa which reaches the appropnate
gland cell {chiefly panictal) by way of the blood strcam

As a result of these phases of gastne secrction gastne jyuice s present
mereased amounts just before or at the cating of a meal, and there 15 con-
tinted sceretion as long as food 1s present duc to the actwaty of the humoral
factor
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The way m which exeraise affects gastnic secretion was the subject of
vestigation well before the modem views as well as modern technics were
prevalent For a summary of the early work one may consult the paper of
Bndzws (9 m German) Hammar and Obnnk (28) gne a résume of the
more pertment research efforts of the time m English These efforts appeared
as early as 1849, somewhat after Beaumont, the Amencan pioneer 1 gastnc
physiology, had made hus classic observattons on hus patient with the gastne
fistula

In all of the early, and even 1n some of the recent work, the presence of
a test meal made 1t impossible to determune clearly what changes had oc
curred 1 gastnc secretion as a tesult of exercise Also n much of the work
there has been no quantitative measurement of the seventy of the muscular
exercise The predommant interpretation of the esults of the early expen
ments was that severe and exhausting exercise performed dunng the presence
of 2 meal 1n the stomach was whibitory 1 both dogs and m man A few re-
ports to the contrary were also made In these esther no change had occurred
or else the cxercise augmented the secretion of gastnc juce As to the effect
of previous cerarse upon the secretion there was the nearly upanimous con
clusion that no change was forthcoming

The use of a Pavlov or a Herdenhain pouch, on the other hand, permits
the collection of uncontamnated gastric juice Six studies have been made
on dogs with such preparations

Paviov Tare Gastric Pouc ExperivenTts v THE Dog

The eatliest reported work was by Kadygrobow, and was described in 2
dissertation 1n 1905 {9 28) He found that there was no effect of exercisc
taken pnor to the fecding However, if the exercise came after the meal
there was an imtial phase of hvposecretion wlich, however, was compensafed
for by a later hypersecreion If the rate of doing the work were 1nereased
gradually the early inhibttion could be eliminated

Bridzius reported m 1926 s results wath two Paslov pouch dogs (9) The

: B . e e e e -

tion with heavy work and even moderate inlubition from just walling
Crandall (1928) used thrce Pavlov pouch dogs and exercised them aftera
mixed meal for one half to 1 hour on the treadml] {14) The excrcse was
' b 1y the

N T

Howenver, following the work there was usué]ly a nse above normal which
tended largely to compensate for the hyposecretion dunng the actual o
creise

Pnladowizhy and Appollonow (40) reported their results on two Pavlov
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pouch dogs and m one dog with esophageal and gastnc fistulas m 1930 The
dogs were run on the treadmill at the rate of z035-225 meters per minute
(764-8 39 m ph ) for 30 minutes following a meal of bread or meat In such
expenments it was found that there was almost complete whibition of the
volume secretion of gastric jmce dunng the run and for 30 minutes after
wards Followng this penod of imtial inhibition there was an active penod
of secretton m which the mate practically paralleled the control rates ob-
tamed with a2 meal not followed by running It appeared to the authors
that 1t was the reflex phase of gastnc secretion which was mamly whibited

'To decide this pornt, recourse was had to the dog with combined esophageal
and gastnc fistulas In such a dog a sham meal may be used and only the
rate of secretion dunng the reflex phase measured No food reaches the stom

ach to elicit the humoral phase of secretion 1t was found that in such a dog
exerase prevents any sigmficant secretion when it follows the sham meal

It also mterrupts secretion once started if exercise 15 begun some tume after
the meal These results bore out the author s supposition that 1t was mamly
the reflex secretion that was affected by exercise

Hemexasm Tyee Gastric Pover Expernvexts v THE Doc

Ia the remamnmg two mvestigations, dogs with Heidenham pouches were
used Since 1n the preparation of such pouches, the branches of the vagus
nenes to the pouch are mtersupted, only the humonal phase of gastnc
secretton 1s followed by the pouch

In 1948 Lithcher and Wangensteen studied the effect of treadmill runnmg
on the histamme induced secretion 1n two dogs (37) A consistent depres
ston of the volume of secretion dunng exercise was the predonunant result
In spite of the depression of gastnc secreion 1t was found that exercise m
15 dogs chronically mjected with histamine base-in beeswax markedly
creased the madence of ulcer formation These paradomcal results were
mterpreted as a demonstration of the importance of vascular changes as
well 2s abnormal secretion 1n the genesis of gastne ulcer

‘The most recent work has been done by Hammar and Obnnl (z8) Ther
dogs were run 30-60 munutes on the treadmill at the rate of 614 km /hr
(382mph) Gastne secretion was induced by erther histamune or by feed
ing a meal of bone-dust in meat Exercse mvarubly produced a rather
prompt mhibition of the valume secretion rate of the Hexdenham pouch If
the seventy of the exercise were mncreased, as by wmtroducing a grade by
tilting the treadmill, there was a correspondingly greater mnhibition Although
rectal temperatures rose 1.0-1 3°C no panallelism existed with the gastne
changes, and quently 1t was Tuded that temp changes were
not responsible for the results If 50-75 ml of blood from an exercised dog
were transfused into a resting dog which was actnely secreting there followed
a penod of whilttion following the transfusion ‘The authors concluded
that 1n order to produce such results a chemical substance must increase m
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concentration or appear de novo as a result of exercise, and that this sub-
stance must interfere with metabolic processes in the gastne mucosa

HumaN EXPERIMENTS IN GASTRIC SECRETION

Although the methods for estimating gastuc secretion are by necessity
nferior in the human bemng, the results, such as they are, are much more
pertment Tor a entique of these methods the reader 15 referred to Helle-
brandt and Brogdon (29) The technique requires exther a test meal to be
caten by the subject or an mjcction of histamne to be made Samples from
the h are ot d by introducing a soft rubber tube of small drameter
and withdrawing gastric contents by appropniate means Introduction of
the tube mn the unaccustomed subject 15 not without constderable psychic
trauma

Bndzius (9) bneflv tefers to the work of Streng (1890) and of Sping
(1892) who studied the effect of exercise using test meals m men The for
mer found no changes n gastric function as a result of exeraise, while the
Tatter found evidence of suppression of gastuic digestion, particulary with
hard work

Delhougne (16) 1 1926 reported hus studics on four young persons using
the alcohol test meal Gymnastic excresse and stairchmbing for an hour
and a half was found to be accomp d by greater 1n total acidity
compared to control periods

Campbell, et al (10), studied the effects of runnng one to four mmiles m
scven men The test meal was a modificd Boas meal of oatmeal gruel At
the end of one hour 1n the (xeraise tests frec aaid was practically nil, while
the amount of total acid was reduced by nearly half on the average The
authors reported that a psychic component was apparent Inhibition was
not present if the running was not dishked or did not produce discomfort
The latter condition depends, of course, on the fitness of the subject

The most extensi e studies on gastrie sceretion exercising human bengs
have been conducted by Hellebrandt, et al (30,32,33) In the first study the
1 wald test meal (toast and tea) was used, and varying grades of exercisc
on the bicycle ergometer performed by four young women Gentle exercis¢
before or after the meal augmented gastnc aaidity, but exhaustne muscular
csertion, whether 1t preceded or followed the test meal, was associated with
a diminution of acidity below normal This decrease was greatest when 25
sociated wath emotional excitement as was found m five other women #ho
cengaged 1 a compehitne sport (final game of a baskethall tournament)

In a second study using the Boas (oatmeal gruel) meal m two joung
women, the same sort of results was found Using the presence of starch
m the ¢ N
found «
as a fac
not necessanly be related to decreased secrction, but to dilution by stomach
contents kept back by delayed cmptying (Later confirmation of delayed
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emptying n exhaustive exercise was accomplished as desenbed on p 242)

A further study on three or four young subjects using the alcohol or the
arrowroot coolie test meal revealed the mteresting finding that the early
hypoacidity 1 a work penod would disappear with the repetition of all but
extreme grades of work In the paper reporting this work the sigmficant
statement 1s made 1 tube conditioned subjects emotional stress severe
enough to mduce dryness of the mouth and palpitation left the acid secret
g power of the stomach essentally unaltered

Finally Wolf and Wolff (51) report that m their man with a gastnc fistula
moderately violent exercise on (presumably) a fasting stomach brought
about no detectable change n gastrc function

The gencral umpression from all types of exercise experiments m both
dogs and in human beings 15 that light or moderate exercise before or after
a meal erther does not alter the response from normal or else actually in
creases the secretory function of the stomach Work of more severe character
particularly exhausting mn quality almost always depresses this function A
sumlar effect on the motility function has already been noted {p 238)
But m the human studies the presence of a psychic component associated
madsertently within the design of the expenment or else deliberately n
troduced may at timcs excrt an inhibitory nfluence The question whether
a sumular component 1s present 1n the dog expenments 15 an important one
but 1t 1s difficult to answer As Gregory (.6) has recently suggested the
findings mevitably call to mind the work of Vemey and his pupils on the
relcase of antidiretic hormone from the prtuttary by exercise and other
emotional sticss However a more cntical analysis of the last mentioned
work along with that of Cutting et al (15) and of Gray et al (25) reveals
a major flaw m this approach The former authors found that it required
20 umts/hg of pitmtnn to mhibit markedly histamine induced secretion of
gastoe juce m the rabbit and 1 0-2 5 units/hg m the cat The latter authors
found that 1t required 4 umts per ammal to produce a 53 percent nhibition
of histamine provoked secrction m dogs with pouches of the entire stomach
while 1n order to produce a stnking antidiuretic effect i the course of water
diresis 0001 umt per ammal sufficed Rydin and Vemey (41} had pre
viously shown that the dose of pitwitary extract requured to simulate the
antiduretic effect of emotion {due to running on the treadmull or to fnghten
wg or angenng with newse) 1 dogs was af the order of a ooor-a enas nnts
per ammal The great dispanty 10 the doses required to mhibit secretion on
one hand and antidwresis on the other makes it very unhkely that the
pitwitary principle 15 imvolved 1n the exercise inlubition of gastric secretion

SPLANCHNIC BLOOD FLOW

The mechanism whereby severe cxhausting exercise might interfere with
the function of organs of the splanchme area has been vanously hypothe
sized The promment views which have been suggested over the years have
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been (1) reduced blood fow due to sedistribution of blood to the actne
voluntary muscles, (2) nisc of body temperature, (3) changes conshituents
o T1c causes
1d on the
- . . Further
more, 1 thete transfusion expeniments they found evidence which strongly
suggested the third Hellebrandt, et of , found 1mproved responses to ecr
ose with repetition of cxpenments which suggested the disappearance
through famihanty of an emotional component However, this obsena
tion was qualificd by the statement that normal gastnc secretory function
has also been observed 1 the face of prominent actnaty of the sympathebe
dwsion of the autonomic nervous system There remains the task of con
sidenng the first as a possible sousce of malfunction However, 1t should be
taken as a working primasple that 1t would be quite ualihely for a simgle
cause to play the sole role It would be more consistent with our modern
conception of physiology to find causes working i concert as well as daffer
ently in different indviduals and/or speies and at different tumes
Local ischemia 1n the digestive tract, according to the historical review
of Brdzws (g), was ealy postulated as a concormtant of exercise This
point has had an assid PP 1n Sjostrand and co workers %ho
smee 1934 have found evidence which at least challenges the old view The
main pomts of attack have been the 1dea of teservorr function of the ab-
dommal viscera for blood and the depletion of the store 1 excrase The
extent of the arculation of the I ers of mice was determimed on the basis of
the area of blood vessels filled with erythrocytes staned with benzdw of
orthotolwidin i hustological eross seetions of tissue (42) It was found that
after the excroise of running, the extent of the vessel area bad more than
doubled as comparcd with controls at test ‘The mcrease after the mjechion
of adrenaline was even greater The more recent worh of Sjostrand (43 44
45), on the basis of partition of storage blood between the lungs and the
splanchnic area, seeks to confirm the thesis that the latter 15 not a storage
area On good grounds, Asmussen and Naelsen (2) have recently coticzed
the mterpretation of the data thus presented For a review of the physiologs

defined - .

Furthermore, as Herncl, et al (35) have pomted out, vasoconstnetion
s the splanchme area need not necessanly reduce the flow of blood there
pronded that there 15 a sufficient imercase 1n systemsc blood pressure In g8
chronically fitted with thermostromuhr units on the supenor mesenterié
artery they found that blood flow 1s not decreased 1 runming on the tread
mill, 10 fact, 1 10 of 17 expenments on 3 dogs it was ncreased Treadmill
speed was3mp h and m some expenments the treadmull was nchined about
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15° (268 percent grade) It 1s not stated whether the dogs were fastng

Since 1945 (8) when the Bromsulphalem (BSP) extraction method for
estimated hepatic blood flow (EHBF) was introduced, numerous measure
ments have been made of the effect of exercise on EHBF (.4,6,7,38,49,51)
The ongimal presentation of the method mdicated the possible errors
estimating the blood flow m this way Further sources of error, for the anes
thetized dog at least, were reported by Andrews, ef al (1) and Edwards
(24) Aside from these technical crrors, the method suffers from other de
fects when 1t 15 used to measure the changes produced by exercise These
include the necessity for the supmne position and the anxiety provoking pres
ence of an mdwelling catheter The same difficulties are present when blood
flow 15 estimated by means of oxygen consumption (5) In most of the
studies subjects were required to exercise mn the fasting state On a priornt
grounds one would expect different results n resting and postprandiaily In
the former state the alimentary tract 1s resting while m the latter 1t 15 actnve
and can compete with active voluntary muscles for blood flow

One study has been made of hepatic blood flow using a modification of
the onginal BSP technic i wlich the effect of a meal, of exercise, and of
both have been determined m human subjects (38) without the use of a
catheter Whereas n the fasting, cathetenized subject marhed decreases of
LHBF have been umformly found (except late nser mn, 4) with exercise,
m the nonfasting, noncathetenzed subject wmcreases i blood flow have ac
companted meal taking, and exercise has not altered this state Furthermore,
even 1n the fasting, exercised subject no decreases were found Whether
ths teflects the effect of the nonuse of a catheter or an madequacy 1n the
method remains to be determined

In summary, on the basis of still too few expenments, 1t appears that in
the fasting human subject the splanchnic area contnibutes storage blood and
m the process suffers a local 1schemia The presence of a meal permits this
region to compete with sheletal muscles, and as a consequence blood flow
remams adequate for the local needs Whether 1n the meantime a storage
function 1s subserved remains a moot pomnt COne final comment must be
made 1n none of the human blood flow studics has the work load been
anything hike that in the previous motility and secretion studies

THE LIVER

Very few studies have been made of the effect of exercise on the Iver Ac
cording to Budzus (9), Frenchs (1858) concluded from espenments 1n
man, rabbits, and cats that body movements can reduce the digestne hypere
mia 1n the ner And Ranke (1871), using gall bladder fistulas in rabbits
and guinca pags, had found less bile produced duning muscle tetanus

In the previously mentioned work of Donaldson (18,19,20,21,22,23), it
was found that while chronic escraise wncreased salnary gland waight, 1t
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reduced shightly (sf at all) the weight of fresh Iver Steinhiaus, et of on dogs
found simtlar changes 1n swimmers but not n runners (46) It 15 difficult
to account for these paradonical results

In 1950 Mellmhoff and Machella (39) made the nteresting obsenation
that 4 hr /day of trcadmull walling at the rate of 200 m /hr 1 rats (21 &x
penmental, 21 control ammals) does not interfere with liver regeneration
after 70 percent removal In both expenmental and control ammals there
was 100 percent restoration by the 10th postoperatrie day

THE SMALL INTLSTINE

In the economy of the digestive tract onc of the functions of the small in
testine 15 to recene the contents of the stomach as the latter organ auto
matically doles it out The chyme has further digestive ferments added, its
reachion 15 reduced toward neutrality by athalme secretions, and the remain

ers and sceretions from pancreas, liver, and the small mtestine atself are
added Finally there takes place m the small intestime the vast bulk of the
absorption of water and nutnents so that only a relatively small fraction
(perhaps 5 percent on the average) remains to enter the colon for the final
absorption of the Jast 300-400 ml of water

A very carly study of the effect of excreise on the small intesting was made
by Cash in 1886 (13) A single dog with a Thiry Vella loop of the jejunum
was studicd with the bolus method Having the dog run around the room
caused a rather marked increase in the rate of propulsion of the bolus through
the loop

We have recently studicd (47) the effect of acute exercise on the propul
swve motihty of the small intestine 1n both rats and dogs The charcoal sus
pension method was used Neither rats ran honizontally at 1 mp I nor dogs
at4mph and 10 percent grade showed any difference from control apmals
not run We have therefore failed to confirm the positnve findings of Cash
although, of course, we used a different method

Van Licre, et al have studied the chronic aspects of exercise on the pro-
pulsive motihity of the small mtestme n rats {48) After a month of runming
onc mph for two hours daily the motility was measured as m the acuté
studics In a large sences of animals (83 controls, 82 expenimentals) a small
but statistically sigmficint increase in propulsic motility was secn 1 the
aercised rats

In summary, on the basis of all too few cxperuncents 1t still remains to be
proved whether acute exererse has any effect on the function of the small
testine  Turthermore, the improsement 1n mohlity brought about by
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chronic exercise (in one species) 15 50 shight as to be of questionable practical
value

THE LARGE INTESTINE

There 1s a2 common feeling among many persons (and the expression of
this has crept mto the medical and physiological htcrature) that eaercise
promotes the tegulanty of the large mtestine n physiologieal terms, the

1 motihty 15 d Oddly enough, only two experimental
studxes of the colon have come to our notice, and these imolve acute rather
than chronic exercise

Barcroft and Florey 1 1929 (3) studied the effect of brief penods of run
ning on the vascular condition of an extenonzed patch of the colon m
the chromcally operated dog Early pallor on runmng was seen, but smce
this also appeared in excitement or fear and did not last even 1 runming,
1twas suggested that running per se had no effect on the colon

The only motility study was made by DeYoung, et a! 1931 (17) Nine
dogs with chromie cecostomies were used and motihity was detcrmmed with
the balloon techmque Bref penods (usually 6 mimutes) of treadmill run
mng (s mph and 22 percent grade) n the majonty of cases caused a
marked temporary nise in colomec tone and motlity This was usually fol
lowed by a prolonged penod of subnormal actaty The early effect was
proved to depend upon extnnsic innervation, and could apparently be i
hibited by psychic factors (fear) The later hypomotility seemed to anse
from a non nen ous mechamsm This recalls the later finding of Hammar
and Obrnk (28) of a humoral inhibitory agent m the blood of evercised
dogs

Obwiously much needs yet to be done mn the way of rescarch if all the ef
fects of exercise on the colon are to be appreciated It 15 regrettable that the
supposedly chromc effect of exercise lacks an expermmental basis The small
though positive effects on the rat small mtestine may be a straw in the wind

HYGIENE OF THE GASTROINTESTINAL TRACT
AND EXERCISE

Fnally, 1t 15 of interest to pose the question of the hygienic effect of exer-
ase 1n the Light of all the physiological findings Is exercise harmful, bene
ficial, or of no discermble value to the best functioming of the alimentary
tract? We are inclined to go along with Hellebrandt, et ol (30), who state,
“when confronted with the necessity of performing strenuous and exhaustn e
muscular work the beneficent digestve functions are not in abeyance”
And, * the stomach must have what may be called a large margin of safety
—the ability to continue working optimally under conditions which scem
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unfavorable to normal functioning” Except that we would substitute the
cntire digestive tract for “stomach ”
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Stress and Sport

SUMMARY

Whenever the homeostatic balance of the body 1s upset, the human or
gamsm attempts to adjust m such ¢ way that the balancc 15 restored Until
ihe balance 13 restored, a state of “stress” exists

, R s

15, stress which 1s sufficiently infense fo elictt general homeostatic upsct)

The physiological mamfcstatmns of stress are found i changes of circula
tion, resp b , and body chenustry The psycho
logical mam/esta!zons of stress are more difficult to define but they may be
measured ta some extent by the behavioral patterns of the orgamsm

Sport 1s d stressor It has imherent mn its structure ¢ patternng of psycluc,
social, and physical stressors—all of which must be wnterpreted as an m
tegrated umit As such, 1t 1s possible that sport can ehert a total siress response
from the organssm

Total stress may be studied by analysis of the adrenal cortical secretron
and this has been plished through phul and k d

At the present time no qualitatne assessment can be placed on the effect
of stress on the human orgamism “Too much” stress appears to be detn
mental, but “too hittle” may be just as bad However, the quantitatne as




252 CELESTE ULRICH

provides a challenge, and n the indidual s reaction to sport he may find
wndications of lus pattern of reactron to life itsclf

The human body attempts to adjust to any agent or situation which
threatens to destroy 1ts homeostatic balance Recently the term stress has
been used by physiologists to describe the total bodily reaction m ats effort
to mamntain equlibnum

Phusiological stress resulting from homeostatic upset may be caused by
esther psychological or physical agents or conditions These operate within
an external environment which 1s physically definable, an interal environ
ment of physiological structure and function, and the social environment
which surrounds the occurrence and gn es meaning to it

Thus stressors (causes of stress) may be physical, psychic, or social n 02
ture However, the human organism m reacting to the stressor and resolving
the stress does not appear to differentiate among the stressors

Stress imposed by sports situations has psychic and physical components
and as such 15 fertile terntory for research n the stress field Curiously, this
type of situational stressor has not been utihized to any great extent {prob
ably because of the uncontrollable variable of the human factor) so most
of the nformation regarding the relationship of stress and sport has been
accumulated through related studies The most relevant studies are those

assumption there 1s cause to suspeet that phy;cal work, as sujch. may not
be the mam and 1s certanly not the only stressor mvolsed sport Renter
pretation of earlier studies and recent research both mdicate that the psyehue
aspects of sport may indeed be the most powerful stressors operating m the
situation

Hence 10 any study of strcss and sport, 1t 1s csscnhial that the effect of
psychic stressors as well as physical stressors be analyzed m terms of both
physiological function and manifest behayioral pattems

Since the mdnidual s physwological function and his overt behavior ar¢
related and cyelic 1n cause effect terms, 1t 1s impossible to isolate either phe
nomenon Theones regarding psychic physical relationships have often 11

volved a study of emotions since the psychic clement 15 wsually rdentificd 1
thisway

THLORIES OF PSYCHIC PHYSICAL RELATIONSHIPS

Much of the long search for an understanding of the cmotions of maf
has centersed around the concept of adaptation It was carly determned
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that when emotional stress was expenienced, certam changes occurred within
the body so as to equip the indwidual to meet the situation at hand Hip
pocrates recogmzed the unportance of bodily secretions dunng emotion,
as did Plato and Awnstotle Chancer and Aqumas mentioned these phe
nomena long before the establishment of objectne evdence concerning
the functioning of the endocrine glands

The adrenal gland was 1dentified by Eustacius m 1563 However, 1t was
Thomas Addison 1n the nmeteenth century who first called attention to
the adrenal glands as the “seats of emotion *

In the late part of the ninetcenth century Charles Darwin wrote on the
overt features of emotional response in men and ammals (14) His formula
tion of three prnciples for interpreting emotienal manifestations, nvolved
the unity of response which was concerned with fight-or flight * adjust
ment, antithesis, which obsened the opposite postures m an ammal about
to attach and 1n one about to meet his master, and uscless, excessive be
havior found 1n muld fear which becomes paralyzing pantc when the fear
18 great

James (34) suggested that a ‘felt’ emotion 15 a central summation of
sensory mmpulses from an organ whose actity 1s disturbed These sensory
mmpressions mught come from the heart, blood vessels, resprratory passages,
stomach, ntestines or contracting muscles James thought that there was a
central focusing of 1mpressions from these regions, which m turn produced
the subjectne states of joy, rage, gnef, fear, and the remaiming range of the
named emotions This concept was unified under the James Lange theory
of emotions

The “fight or flight’ theory regarding the physiologv of emotional change
was postulated by Walter Cannon m 1915 Cannon (10) developed a broad
and ntegrated physiological picture of emotion His mam concern was with
the visceral components msolved 1n the emotional reaction The essential
feature was exaitation of the sympathetic division of the autonomic nerous
system The stmulation of this system, Cannon explaned, brought about
a multitude of glandular, smooth muscle, and metabohic responses which
resulted mn such homeostatic adjustments as mcreased heart rate, mcreased
blood pressure, and mobilization of the sugar mn the blood Cannon stressed
that the fundamental effect of emotional stimulation 15 ncrease m the se
cretion of epiephnne which hberates the sugar which 15 then available to
furnish energy to meet the emergency situation Cannon suggested that scn
sations are central m ongmn and that thev result from an wradiation of 1m
pulses to regons of low consciousness, perhaps the thalamus He suggested
that m the floor of the fourth ventncle of the medulla 15 the reflex center
for the Liberation of the hormone cpmephnne, and it 15 the effect of this
hormone which produces the resulting actnty in emotional tension Cannon
did not say that the libcration of epinephrne creates feehngs, he merely sug
gested that once the feelings have been created, the secretion of epinephrme
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prepases the body for the results that must take place Cannon believed
that 1n many ways epmephnne was the h tatic regulator of the body i
times of stress The Cannon theory has been generally accepted by the ma
jonity of physiologists for a long penod of time, although n tecent years s
explanations of the mechamsms nvolved have been questioned by some
msestigators

Rogoff (54) opposed Cannon s theory He stated that reactions i major
emohions could be explancd as bemg consequences of activity witha the
nenous system, chiefly sympathetic rather than secretory He claimed that
emotion may be seen 1 ammals with adrenal secretion abolished He be
hieved that the emergency theory of direct relation of the adrenal gland secre-
tion to emotional excitation was untenable because 1t was based on 1
adequate expenmental imvestigation

The most recent and encompassing work 1 the theory of emotional
reaction to stressful situations and the physiological concomtants ymolved
has been done by Hans Selye a Canadian physiologist, and his associates
(6162 63646566 6768) It 1s ther contention that stress 1s the state mant
fested by a specific syndrome wlhich consists of all non specifically induced
changes within a biologic system Stress has 1ts own charactenstic form
but no particular cause (67 423) Sclye clams that the body scts up @
Iine of defensc agamnst the nowous effects of stressor agents and situations,
and that this hne of defense resolves 1tself mto what he calls an adaptation
syndrome erther speaific or general m nature Selyc indicates that the ot
gamsm utihzes adaptation energy n meeting each stressful situation i
the stress is withun tolerable hmuts the mobilized body resourecs resolve the

- L
15 ‘shorfencd by internittent periods of intense sh'c,ss, although temporary
b 10n of adaptability 15 undoub dly possible even m scverc stresS
Selye contends further that there 15 evidence that normal senihity and the
precocious aging nduced by lfe under stressful sttuations, are alike 11
therr mamfestations Most of the actions of the adaptive hormones are Tughly
dependent upon  conditioning factors
The concept of the gencral adaptation syndrome raises many questions
about the speaific nature of many discases Selye favors the possibility that
many diseases may eventually be traced to the effects of nonspeaific stress
The psychasomatic interprctation of illness seems to rest on this concept
All recent theones concerming the cmotions have utihzed a ph)SlO]"g‘“]
frame of reference but the iterpretations of the theory have had psycholor
gical as well as physiological smplications At the present time, Sclyes theory
of stress seems to provide a flexible and thoughtful concept for catensine €
ploration If the psychic and physical stressors mvolved n sport chert the
same quahtatne stress response, as Sclye suggests, a great deal more studs
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15 ndicated to advance the understanding of the psychic physteal complex
inherent mn sport

PHYSIOLOGICAL MECHANISMS INVOLVED IN STRESS

Stress has often been thought of 1n terms of bodily responses or adjust
ments to masion by pathogens and therr destruction, of meteorological
and chimatic cuses, of physical forces which operate on man s mass and ol
ume, and of el which man pul for his comfort, delight, and
destruction On the other hand, Wolff (84,1050) pomted ont that man, con
stituted as he 15, 15 further vulnerable because he reacts not only to the exist
encc of danger, but to threats and symbols of danger expenenced in the past
which call forth reactions little different from those of the assault 1tself
Wolff obsersed that perhaps man s greatest threat of all 1s hus doubt about
Tus ability to hive the hfe of 2 man

Selye states (64) that stress 15 produced n the body through multiple
pathways He says that the effect of a single stressor 15 always modified by
the vanable specific actions of the eliciting agent and by the conditioning
factors, the terram, which 15 different n every individual These condition
mg factors can selectively affect the ndnidual pathways, which accounts
for the vanable mamifestations of what, 1n essence, 15 but a single stress re
sponse

In spite of the varted mterpretations of the body s reaction to speafic and
nonspecific stressors, there 15 general agreement as to the results withm the
orgamsm Harnson (27), Wight (85), Evans (18), Houssay (30), and
Thorn and Laidlaw (77) have all agreed that the stress reaction may be
generalized There 1s a arculatory response which usually results i increased
heart action, pulse rate, and blood pressure The blood chemustry and formed
elements may evidence changes 1e, increase in polymorphonuclear leuco-
cytes and a decrease m lymphocstes, pht lobim, and serum
albumin There 1s an alteration body perature steroid b
and a change 1n electrolyte balance It 15 possible that all of these reac
tions are not directly controlled by the hberation of hormones from the
adrenal gland Howeser, the great bulk of scientific mformation tends to
support the belief that 1n times of emotional stress, the gencral bodily reac
tion of adaptation 1s fostered, accentuated, and abetted by the secretion of
the adtenal gland

LnDOCRINE ADAPTATION TO STRESS

Worlung with the Norway rat, Ruchter (52) found that the adrenal glands
were smaller 1n the domestic ammal than i the wild rat He noted that
adrenalectomized rats have a smaller replacement need when they are
domesticated Selye (68) cmph d that the ] d animals
need much larger than mamtenance doses of corticords i order to withstand
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stressors He also stated that 1t 1s noteworthy that mn the case of chronic ex
posure even to mild stressors, adrenalectomized amimals can mamtain them
selves 1n the stage of resistance only for a short time before exhaustion and
death supervene

Liddell, Anderson, Kotyuka, and Hartman (43) experimented on the ef
fect of adrenal cortex extract on neurotic sheep and found that the ad
minstration of thus hormone improved the symptoms of disturbance 1n the
neurotic ammals The conditioned reflex was also improved They con
cluded that there was permissive evidence to support the concept that the
adrenal cortcx hormone and adrenalin are m direct contrast i action

Waess and Englsh (80) amphified the cxtent of the strcss reaction by
theonzing that stress causes the hiberation of toxic metabolites 1 the tissues
These metabolites are thought to set up an  alarm reaction * which 15 charac
tenzed by tachycardia decrease in muscle tone, decrease in bodily tempera
ture, formation of gastric and ntestinal ulcers, hemoconcentration, anura,
cdema, hvpochlorydna, leucopenia followed by leucocytosts, acidosss, and a
transitory hyperglycemia followed by a decrease 1 blood sugar and 2 dis
charge of adrenaline from the adrenal medulla If the damage 15 not too
severe, the tovic metabolites stimulate the anterior lobe of the pituitary to
discharge adrenocorticotrophic hormone (ACTH), which m turn stmt
lates the sccretion of the adrenal cortical hormones and thereby raises the
resistence of the body

Esans (18) agreed with this analysis and further stated that the release
of adrenalin 1n states of stress indrectly stimulates the adrenal cortex via
the antenor pitwtary He added that drrect electnical shimulation to the
hypothalamus can relcase ACTH and so stimulate the adrenal cortex It
was Jus contention that these two mechamsms could explain the accelerated
output of ACTH which mercases the secretton of the adrenal hormones m
states of stress Esans belicved that when the level of the adrenal cortical
hormones 1 the blood falls there 15 stmulation of the hypothalamus by
which the antenor piwitary 1s excited to produce ACTH, which then stm
ulates the adrenal cortex to produce adrenal cortical h:nmoncs until the
deficiency 1s made good Anand, Ragh h, Dua, and Mohindra (2} con
curred with Evans i the belief that the dual mc’chamsm of ACTH sccre
tion from the antenor lobe of the pitwtary, consisting of a * nervous” phase
mediated through the hypothalamus and a “metabolic” phase 1 which
the hypothalamus takes no part, is a result of stressor agents Bishop (5)
supported the belicf that stress can lead to the outpounng of adrenocortical
hormones with the intact pitwtary giving nse to ACTH scerction He stated
that adrenalne atself has no effcct on the adrenal cortex but must operate
through the pitwitary to release ACTH

Sayers (58) wamed that the cxact nature of the secrction of the adrenal
cortex 1s unknown but that the unitanan concept regards the secretion 3
fixed 1 composition but varyng n rate Sayers said that under ophima
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conditions of environment, the pitmtary adrenocortical system 15 1n a rela
tively quiescent state, while i contrast, 1t 15 very active under stress

The histological changes m the adrenal cortex depend on whether the
stress 1s muld or severe, develops quickly or gradually, 15 short lasting or pro
longed

Since 1t has been eapenmentally demonstrated that emotional excitation
1s accompanied by adrenal cortical secretion (16,32 48,51,54 64,77), 1t would
follow that by measuning the amount of adrenal cortical sccretion, the quan
tity of stress caused by the excitation could be calculated Ho“exer the
adrenal cortex has no duct and this phicates the

The study of stress in humans 15 indirect, bemng confined to measurements
of reactions caused by adrenal cortical secretion Within Iimits these measure
ments asscss the quantity of the hormone secretion The quantity of the
hormone secretion suggests the quantity of stress Thus direct measurements
of selected biological phenomena become indirect measurements of stress

The biological phenomena utihized for measurement are always phenom
ena affected by adrenal cortrcal secretion Such indices as pulse rate, respira
tion rate, blood pressure, and temperature have been used However, each
of these phenomena 15 sensitive to many forces and constanthy adjusts to
Leep the body 1n homeostatic balance The possible sensitnaty of these in
dices to a multitude of uncontrollable forces other than adrenal cortical
secretion limits their usefulness 1 expenmentation Therefore physiological
phenomena less sensitine to many forces and more sensitne to adrenal
cortrcal secretton are used The increase 1n Letosteroids m the unne and
the decrease of airculating eosinophils m the blood are two such measures
which proside more exact information about ACTH secretion

Most of the warnings directed agamnst using the eosinophil count or the
Letosteroid count as a stress index are cautions regarding the madequacy
of generalizations based on a single mdex The precaution conceming gen
eralizations from discrete information must be doubly emphasized 1n rela
tion to the study of emotional stressars Stress caused by emotton may be
dealt with n terms of psschoanalytical theory or neurophysiological theory
Each frame of reference has value, but a sound basis for explaming psychrat
Tic mterpretations m physwological terms or hysiological findings n
psychoanalytical terminology has not yet been cstabhshed Hope for even
tua) onderstanding of all qualitatine and quantitative phenomena related to
emottonally derved stress 1s held by physiologists and psychologusts alike,
but such an integrated mterpretation must wait on an extension of scien
tifically supported information in both arcas

A number of studies have been carned out utihzing the cosmophil count
and the Letosteroid count as an mdex of stress The studies have been con
cerned with surgical trauma, emotion, exercise, and vanous physical cond:
tions

Perhaps the greatest amount of exp regarding P
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drop 1 human subjects has been done mn connection with pre and post
operative trauma Rouche, Thotn, and Hills (53) found that dunng anuety
before an operahion the fall of cosinophils might be 100 percent They see
ogmzed that the mitial cosmophil level had little sigmficance, but the
change mn level following stress mduced by amvety mdicates the degree of
adrenal function resenve Other expenmenters such as Schoen, Strauss and
Bav (60) and Gabnlove (23) have concurred with this judgment

The tspe of emotional stressors being used to cause stress has produced
some tcresting espenmentation Thorn, Jenkins, Lawdlaw, Goetz, and
Reddv (76) studied the response of numcrous indniduals to pnmitne
abongmwal ntes shown on moton pictures and noted that a decrease of
airculating eosinophuls (cosinopenia) oceurred

Manu and Lehmann (46) tested medical students before the students
took therr final exammations The rescarchers found that the level of o
culating cosinophils had dropped Thus led them to specutate that mereased
cmotional tension corresponds with low phil counts Humph s and
Raab (32) also obsened that a marked dimmution of the eosmophit count
was apparent 1n students who were 1 a state of cmotional tension regardmg
cxaminations Dreyfuss and Feldman (16) studied eosmopenia induced by
cmotional stress of students ready for examunations and concurred with
the findings of Humphrevs and Raab They further noted that cosinopenia
samcetimcs persisted for as long as 24 hours Thom (77} exammned candidates
for the Doctor of Phulosophy degree immediately after their doctoral exany
nations and noted a marked tcrcase 1 the 17 hetosterord output He be
lieved that anvcty ncreased adrenal cortical secretion Thus when emo-
tional tension 1s mterpreted bv the individual to be an alarmmg stimulus
and henee g stressor, there 1s a drop in circulating cosinophuls and an merease
n ketosteroid output

Groften and McGrath (26) studied the adrenal cortical function of long
distance fliers They found no consistent relationship between the drop of
cosinophils and length of flight, although they observed that the crew mem
ber who consistently showed the lowest cosmophil count scemed ta be most
subjcct to fatigue Howard, Olney, Frawley, Peterson, Sruth, Davis, Guerrt
and Dibrell (31) using the cosinophil count and the ketostcroid count 1t
an cxtensive studv of the adrenal funchion n wounded and combat ol
diers, found that the adrenal response dunng combat was extensive and ap
peared to be related to the mdividual s subjective mterpretation of the
situation

In most of the excreise expenments the stressors included other elements
m addstion to excreise, since 1t 1s difficult, if not mmposstble, to 1solate evef
cise from the social and emohiona) components In an attempt ta differen
tiate the mfluence of cxeraise and emotional factors upon the drop the
cosinophil count, Reynold, Quigley, Kennard, and Thom (51) counted

phils of ¢ , coaches, and before and after a race They

found that emotional stress, exther of stself or in combination with musculat
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actvity, represents a maxtmum stimulus for the stress mechanism, whereas
this did not seem true of the muscular actvity alone Thorn (77), mn a
entique of this study, observed that anxiety could mduce a fall of eosmophils
of the same magnitude as expenenced by the crew members, thus indicating
that large quamties of adrenal hormone may be liberated dunng periods
of mental and emotional excitation, and the person with well marked anx
1ety may approach the eosinopema obscried . patients with Cushing s dis
case He believed that hormones are not utilized n amxety unless physical
actity also occurs In another cutique of the oarsmen study, Thorn,
Jenhins, Lawdlaw, Goetz, and Reddy (76} concluded that the decrease n
the eosmophil count of the coaswam, who did no rowing, indicates that
emotion 15 more significant than motion mn producing stress This hypothesis
may be espectally important to the researcher studying stress and sport

The concept that the psychological components m a stressor situation are
related to stress to a far greater degree than the components involving phys:
cal actvity was supported by Ulnch (78) m an expenment imvestigating
college women for stress elicited by a vanety of competitive situations 1n
cluding physical activity and psychological nterpretations which are a nor
mal part of the college educational experence She also concluded that
stress 1s related to 1dentifiable differences 1 past expenences which are rele
vant to the situation

‘Wale, Graham, and McGrath (79) did eosinophil counts on men who
exercised as compared with men who rested They found that the counts
were significantly lower on the days of cxeraise They concluded that exer
ase i itself causes activation of the adrenal cortex

Stress always mvolves a physiological reaction with charactenstic form
There 15 a circulation, temperature, metabolism, and blood chemistry change
and tlus change appears to be tnggered by endocnme fluctuation The
adrenal cortex 15 largely responsible for effecting the form of the stress re
sponse

CrReuLATORY CHANGES IN STRESS

Much of the physiologieal research regarding emotionai stress has cen
tered around vanous aspects of the latory resp The card
tory systems are quickly affected by stress and the response can be measured
with relatis e ease

Wolf {83) stated that the functions of the mechamcal design of the heart
pump ralves, fuel for work, composition of the coronary blood and caliber
of the vcssels, blood volume, extent of the peripheral vascular bed, resistance
of the penpheral vascular bed, blood viscosity, strohe volume, heart rate,
blood pressure, and heart thythm may be significantly altered dunng an
drsxdual s attempts to adapt to people and events in lus environment He
noted that blood viscosity mcreased as much as 20 percent w relation

to stressful situations
Selye {62) found that blood clotting time decreases dunmg the alarm re-
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action phase of stress while the platelet count nses, fibrn formation 15 ac
celerated, and the red blood cell and hemoent values are mereased He also
found a pronounced ncrease m total white blood count and observed
that this nonspeaific leucocytosis mav be preceded by a decrease in the num
ber of airculating eosmophuls

The action potential of rats was recorded by Beebe Center and Stesens
(3) who uscd gunshots and the appearance of dogs as emotional stimult
The extent of the heart nise i the rats was about 30 beats per minute The
sudden p 10n of the dog d the heart beat 8 percent These
data suggested to the researchers that reactions in emotion are due to ac
tnaty of the sympathetic system

Altschule (1) mdicated that emotion may ncrease cardiac outpat by two
thirds and said that m emotionally disturbed subjects exercise of 2 mild na
ture causes a greater nise m pulse rate than in the same subject when he 18
not upsct Altschule s conclusions were supported by Whitehorn, Kaufman,
and Thomas (82) who stated that cardiac acceleration as a rule 1s found 1
cemoational states They studied neurotic and emotionally disturbed ndi
viduals and found a significant cardiac acceleration However, the researchers
cemphasszed that there was no physiological pattern of actity charactenstic
of specific emotions even if such entities exast

There scems to be sufficient accumulated evidence to support the behef
that the normal heart cannot be stramed by physical exertion This €
cludes the heart of doubtful ntegnty or the diseased heart Gavey (24), 10
discussmg this concept offered the provocatinve statement that emotion 1§
more dangerous to the heart than excrse since emotion cannot be castly
controlled However, he commented that hfc 15 for Iiving and that nsks and
therr emotional concomutants are a part of living which should not be
avorded merely to protect the heart from caertion

Hickbam, Cargill, and Golden (29) stated that emotional disturbances
may have a profound cffect on crculation, causing changes 1n heart rate,
cardtac output, blood pressure, tone of the penpheral vessels, and electso-
cardiographic records They cautioned that the nterpretation of data €
lating anxicty to cirenlatory changes 1s handicapped by the absence of
rehable objectine means of measuning the degree of anxety mn dnadual
subjects, and they concluded that ranabulity of the cardiac system 15 qualita
tineas well as quantitative

In an effort to describe certamn qualitativc results of stress on the cardio
vascular system, ex 10m was done by Schneider and Zangan (59)
‘They stated that when emotional confircts were associated with Stessor
response, significant changes oceur 1n the blood which are similar to the
changes following muscular exercise Dunng anxiety, fear, and tensioh
clotting ime decreased, relatne viscosity ncreased, am:l the 'blood pressure
was clevated They postulated that such a carculatory syndrome may ¢ven
tually prove detnmental by favonng intravascular thrombosis
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RESPIRATORY ADAPTATION TO STRESS

The evidence concerning respiratory adaptation to stress 15 far from con
clusive The vanability of the resp y mech males 1ts resp difi
cult to measure Usually the demand for more oxygen 1s met by ventilating
a larger volume, mcreasing the rate of oxygen absorption 1n relation to venty
latron, increasing the cardrac output, and finally mcreasing the rate of ab
sorphion 1n telation to blood flow

Bruce, Lovejoy, Pearson, Yu, and Velasquez (6) agreed with Ruosteenoja
(55)s McDowell, et al (7), and Ulnch (78) that the stress of exercise not
only makes marked demands upon the resprratory system but also there
was some idication that this demand was further increased m mild exercise
dunng emotional excitation

OTHER ApAPTATIONS TO STRESS

Marston (47) hypothesized that both feeling and emotion are objectrvely
a particular lund of energy generated at the synapses of motor integration
centers in the brain He asciibed these centers a position 1 or near the
hypothalamus The energy, which he called motorpsychonic energy 15 based
upen the integration of two classes of impulses tome ones which are self
regulating 1mpulses ongnating from the muscles and glands, and phasic
impulses ongnatng from environmental influences Marston said that feel
1ng depends upon the nature of the terachion

already present condition with the mtensity of the disturbance being de
pendent upon the intensity of the stress stimulus, the personality of the m
dividual, and the threshold of discomfort

A sigmficant concordance among four distinct muscle groups, which
suggested that the body musculature as a whole more forcefully contracts
m patients who are anxions, was pomted out by Samsbury and Gibson
(57) They suggested that fechngs of intability and restlessness dunng
stress may be the g of massne bombardment of the central
nervous system by propnoceptive stimuli ansing from the widespread con
traction of the voluntary muscles

PSYCHOLOGICAL COMPONENTS
INVOLVED IN STRESS

When any stressor 15 brought mto focus via a psychological mnterpreta
ton, the gencral physiological adaptation of the body to that stressor 15
sumilar to the body s adaptation to a stressor of physical nature Thus alarm
ing simuli of neurogenic or psychogemc nature can be particularly potent
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actnvators of the adrenocorticotrophic hormone sceretions and produce
rapud and ntense alarm reactions  Emotional sweat  cannot be differen
tiated from caercise sweat and this concept becomes increasingly 1m
portant in sport

Since psychic stressors are usually a result of emotional interpretation
1t 15 unportant to attempt to discover more about the emotions and thar
mterpretation

Many psychologusts agree with Podolsky (s0) that emotional stress 1s the
product of ansiety In reviening the effcet of stress upon man, Podolshy
cxpressed the view that anniety came nto man s awareness when he acquired
a conception of time as the carner of future events Since man 15 fimte 1n
a hmited time the tragic character of anxiety evolves Man 15 bemg con
stantly onented toward his own possibilities Thus anwety exists essentially

as a tune element and may be cxpected to amse whenever the ndmidual
1

&
asats shadow In support of this construct Sackler, Sackler, Sackler, and van
Ophuijsen (56) stated that psvchic adaptation 1s more an intellectual and
cmotional process than a matter of physical prowess This 1dea may be
very relevant i sport especially when athletic competition 1s a major SOUre
of psvchic stress

In lus psychiatnic analysis of stress MacCalman (44) indicated that alt
living orgamsms liave a threshold beyond which they will breah down i
response to stress He emphasized that previous emotional upsets can 0
sensitize the mdividual that he 1s upset by small amounts of stress, whereas
the mdividual who p c derable psyct 1 stability can with
stand scyvere stress for long penods Lazarus Deese and Osler {42) stated
that stress caused by psycluc upset may be thought of as an teremng
vamable a sccondary concept built upon the relationshup between the pi
mary concept motivation and the situation m which motivated behaviof
appears They stated that the psychologist has no way of determimng the
psychological condition which corresponds to homeostasis Psycholog‘m]

stress may be induced by such things as failure, working condihions 0% the
taskatself The cause s scldom clear cut

1

tions m the realm of physiological str‘css as did égllén nng Rubmnsten
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{13) In addition, they indicated that the physiological changes are not
cause effect structured, and stated that the physiological manifestations
1epresent only a portion of the total response

Hunt (33) postulated emotional tension to be a reflection of the biologt
cal forces which motisate the orgamism  He saxd that 1f biologieal tensions
were not adequately relicved, they accumulate and affect the adrenal cortex
to produce disturbances of thought and behavior mostiy via the autonomic
nenous system which 1 tumn affects the physiologieal system and produces
stress sympioms

Cleghorn (12) pomted out that a tnfle to onc ndinidual might well be
consternation to another He noted that m our society adaptation 15 neces
sary but warned aganst thinling about the bodv as an ammated adrenal
cortex

1t 15 apparent that stressors affect behavior, but it also appears that the
overt cffects of any stressor are related to the subjectivc state of the individual
to such an cutent that the subjectne state of the mdividual may largely de
termine the stressfulness of the situation

Recent studics in behavior may generally be classified mto two groups
first those whach 1solate the mechanisms which are operative in adaptation
ta stress and second, those which pernut prediction of behavior under con
ditions of stress

The behavior of the organism under controlled stress provides an index
for behavioral prediction Much of the cathier work done 1 the field of
behavior dunng stress was done with neurotic personahties, but more re
tently there has ben a trend toward cxpenmentation \ath normal persons

Kohn (39) had subjects study pictures under enpenmental conditions
of anticipated clectnical shock He found that perception was least effective
when the pictures were studied n an environment where shock 15 anticipated
and most effectin e when studied n an envronment imvolving low emotional
intensity e concluded that severe emotional stress reduces the scope of a
complex perceptual activity and the disruptise mfluence of emotional ten
sion 15 locahized 1n the srrelesant or less important aspects of the perceptual
task rather than the relevant ttems This concept was essentially substan
tiated by Johnson (35,36,37) m tus work with athletes and emotional stress

That anxicty modifics mtellectual funchioming and imagmation actiaty
was teported by Hartogs (28) There seemed to be some dication that
high anwiety level affected visuomotor control Osler, ef of (42) camed on
an evpeniment on ntellectual performance as it 1s related to psychological
stressors She admuimstered tests to get a base score and then re admimistered
the test troducing the psychological aspects of fear and fmlure She found
that failure as a shmulus depressed performance, but fear did not Howeser,
faiture was associated with the task at hand whale foar was assotated vath a
general social pattemn

The effcet of failure as a stressor upon shilled performance was studied by
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Lazarus and Criksen (42) They found that a sigmificant increase 1 inter
ndividual vanability 1n test performance occurred m the stress group The
wncrcased speed with which the task 1s done often compensates for the num
ber of errors made under stress Of ntercst was the fact that the students
with a high grade point average got better under stress while those with 2
poorer average did more poorly and were much more vanable

Feffer and Phillips (.0) 1n thar study of soctal attanment and pet
formance while subjects were under stress observed that social nadequaty
15 telated to mabity to cope with stressful situations Schizophremc 1
dviduals have poor adaptation to stressful situations Those mdvduals who
are of high social attanment will perform more adequately under condi
tions of expenmental stress

Using a specific motsational pattetn as a stressor Burke and Ulnch 8
found that greater work output 1s elitited by the use of motnation than
eheited when motnation 15 omitted and that when motiation mdicabing
success 15 employed  the gross mechameal efficiency of the body 15 greates
than when neutral motwational pattems or patterns mdicating failure ate
emploved

Berheley (4) uhbzing the techmque of unne analysis of the 17 Lctoster
oids response studied stress as measured by a Ievel-of aspiration test and
the Rotter Aspiration Board He found that greater discrepancies between
aspiration and achievement 1n the level of aspiration setting are accompanied
by mncreased activity of the adrenal cortex as indicated by the Letosterod
mercase

It 15 apparent that psychic stressors are able to chicit a stress response from
man This stress response 1s not different m form from that of any stess
response and although 1t may be termed pss chological m nature 1t 15 mant

Ay -

with identical physical stressors

INMPLICATION OF STRESS FOR SPORT

Sport combines physical psyclic and social stressors 1 an integrated Pt
tert which requures the total response of the orgamsm The physic®
stress which 1s caused by excreise and 15 usually measured in foot pounds of
work has been studied extensinely Although much remams to be Jnow?
about the body s reaction to exercise there 1s a wealth of nformation atreadhy
avaslable On the other hand little research has been done on the psyete
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component of the sport stressor and there seems to be mdication that this
component may well be a cructal key to the futute understanding of sport
The answer to why two mdniduals of comparable structure and function
cannot perform compambly may possibly i many mstances be found
through analysis of the effects of their psychic and social chimate

‘We Lnow that the stress response mncludes arculatory changes, cardio-

p y changes, metabolic changes, p changes, and body
chemistry changes The changes occur as a result of any homeostatic upset
instigated by a stressor, evidently regardless of the pature of the stressor
It appears that the body does not attempt to separate hinds of stressors bnt
reacts fo them m therr totality This does not mean to mdicate that the
body does not have a specific way of dealing with focal stress Obviously, the
body reacts to a burn differently than 1t reacts to a thrombus, yet the general
adaptation 1s essentially the same It 15 much more difficult to differentiate
m the body’s reaction to emotional stressors such as love, hate, fear, and
anmety Here, the physiological reaction of cmotional stress appears to be
physiologreally 1dentical to the reaction induced by physical stress and it 1
m the behavioral pattern that we find the key to understanding the adapta
tion

Since m sport we are mnterested in the behavioral pattern as much as the
physiological pattern, 1t 15 appatent that both must be studied and in rela
fron o one another rather than separate entities

Selye’s theory of stress seems to provide a reasonable and meammngful
frame of reference for the researcher in sports stress His claim that stress 15

supports and fits into the theory This theory of stress does minimize “cause
effect physiology” but 1t offers i 1ts stead a miore encompassng structure
which may in time bring the psychological aspects of the orgamism’s reac
tion into sharper focus

It seems apparent at this time that the study of stress 15 best accomplished
through some endocrinological means This especially indicates the adrenal
cortex, and both eostnophil and Letosteroid count have been used as meas
ures of adrenal cortical seczetron

There 15 one important caution to be observed when humans are used as
stress studics It 1s essential that base conditons be establmshed befare the
stressor 15 tmposed and then the difference 1n the changes between base
and stress conditions 1s the statistic of mterest The wide difference between
mdviduals’ base conditions makes a companson betwcent individuals” stress
conditions meaningless The nterest 15 within the individual rather than
betw een mdviduals

At the present tume no value judgment can be passed upon the effect of
stress on the human orgamsm There 15 some evidence to indicate that too
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much stress over a long period of time 15 detnimental to the body, but the
quantitative defimtion of “too much” or “too great” 1s relative to each m
dividual

1t may be hoped, therefore, that sport may be used as a composite stressor
to test the body's reaction to stress Thus the game of hife 15 set, and sport
provides a testing opportunity—a testing ground larger than a playmg field
and just a ittle smaller than life atself
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1
Kadney Funchion m Enerost

SUMMARY

™ aa - v 1

general body adjustments designed to cut down blood ﬁlo:v to O;gans which
can temporanly spare some blood 1 order to make the nwxunum rolume
avarlable to the muscles Rendl blaod flow decreases wn proporfion t0 the
sexenity of the exercise and ay decrease bv more than half Fitrahen rate
decreases yry little when changes i renal blood flow are small but decreases
in cqual ratio to renal blood flaw when blood flow changes are large Ures,
creatinne and phosphate excretion are decreased moderately due to de

“9‘12“‘1 glomerular filtration, while sodm chlonde excietion decredscs
marke .

stum,

todec . . preve v e u -

defined are also pnportant Unne flon decreases by vanable amounts be
cause of decreased glomerular filtration and of mcreased antidiuretic her
mone production

After excrewse venal blood flow and filtration tate return to the proesé’
cuse level~n about ant hour after moderutely severe exercise Semultane
ousl), urea, creatnme, and sodwan chionde excretion return to or clos &
normal Urine flow nscs of the mdividudl 15 stall under a water load Ther®
may be d P a P excretion retumns to the pie &7
cue lovel after mild exercise but studies 1 seyere exercise have not bee?
reported Phospliate, titratable dacid, and anmonsym excreton sise apruplly
to levels scveral tumes the pre exercise rate In the case of phosphates the

* Appreciation is expressed ta Homer W Smth for lus cntical reading of this chaplet
270
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postexercise rise probably results from nising filtration rate together with an
effect of acidosis which depresses tubular re absorptne capacity for phos
phate The rise in titratable acid and ammonum production s atiributable
to a combmation of the acidotic tus and d phosphate excrction
The mcreased cxcrehion tofes of these three substances are not sustamned,
howerer, and they have returncd to the pre excresse values within an hour
after exercise

EAPERIMENTAL STUDIES

Revay Prasma Frow

Effectnve renal plasma flow (ERPF) 15 regularly decreased dunng and for
periods as long as an hour after exeraise The magmitude of the decrease
sate of decrease, and rate of recovery appear to be correlated with the dura
tion and degree of exhaustion or taxation of the indmidual In sevcre ex
hausting exercise, ERPF may decrease to % the resting rate It 1s technically
impossible by the usual means to measure tenal function accurately during
severe exercise of no more than a few minutes duration but ERPF measured
immedhately after such exerase 1s found to be low 1t does not go lower but
returns, apparently within one to two hours to the pre exercise control value

Changes in CRPF dunng exeraise 1n persons with heart disease do not

which the artenioles are caused to constrict is unknown Definitive studies to
evaluate the role of the renal nen es have not been made

Barclay et al (3) measured ERPT (diodone clearance) before, imme
dately after and about an hour after brief, severe excrcse 1 ning, 17-20-
year old students The subjects were water loaded to promete an me¢rease m
uune flow and were recumbent dunng the two 15-zo-munute pre exercise
and three to four postexercise pentods acreise consisted m a % mule run at
top spced ERPF averaged 736 before, 447 immediately after, and sy9
mi /mit 1 the st one or two clearance penods White and Rolf {z9)
measured the effccts of moderately exhausting exercise, consisting of running
4 to 7 nules per hour for 10 to 15 mmnutes, m 6 cxpenments on 4 subjects
One subject was middle aged, the others in ther 20’s With the subjects
water Joaded, one ot two penods were obtaned before, one dunng, and twa
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. 1
Kudney Function m Exeraise

SUMMARY

can temporanly spare some blood 1 order to make the mavmum olume
available to the muscles Renal blood flow decreases m proportion to the
severity of the excreise and may decreasc by more than hdlf Iitration rate
decreases very hittle when changes i renal blood flow are small but decreasts
m equal ratio to renal blood flow when blood flow changes are large Ures,
creatimne, and phosphate excretion are decreased moderately due 0 de
creased glomerular filtration, while sodum chlonde excretion decredses

defined are also 1mportant Urime flow decreases by rariable amounts be
cause of decreased glomerular filtration and of mereased antidwrehc hor
mone production

After exercise, renal blood flow and filtration rate return to the pre &xf
cise level—mn about an hour after moderately severe eaercise Sonultane
ously, urea, creatinine, and sodwm chlonde excretion refurn to or close 10
normal Unne flow nises 1f the mdnidudl 1s still under a nater load There
may be a transient protemunia Potassium excretion returns fo the preexe’
ase level after nuld cxercise but studies m severe exercise have not beet
reported Phosphate, titratable acid, and ammonium excretion 1ise abruptly
to levels several times the pre-exereise rate In the case of phosphalc: the

* Appreciation 55 expressed to Homer W Snuth for hus critical reading of this ¢haptet
270



KIDNEY FUMCTION IN EXIRCISE 273

further analysis The most detailed studies are those of Chapman, et al.
(+4). Exercise consisted n walking about 35 miutes on a treadmull at 3
miles per hour (mph ) at nograde, at 3mph ona s percent grade, and at
35mph on a 10 percent grade The subjects (g students) were water
Ioaded and 2 pre and 2 or 3 postexertise penods were measured with the
subjects recumbent Two penods were obtaned durmg the exercise ERPF
decreased almost hinearly during the two exercise penods, the rate of decrease
mereasing with work Ioad As compared with the pre exeraise level, ERPF
decreased dunng zero grade walking by 6 percent m the first peniod and by
15 percent 1n the second, by 17 and 27 percent dunng 5 percent grade
walking and by 25 and 35 percent duning s0 percent grade walling Forty
munutes following the exeraise, ERPF had teturned nearly to pre exercise
lesels for all grades of exercise 97, 87, and 94 percent respectnely Gibbons,
ct al (10), followmng the same expermental protocol as Chapman, et al
measured the effects of walking 3mph on a treadmull at 5 and 10 percent
grades on 12 patients with minimal cardiac impairment due to aortic m

sufficsency. The mean pre exercise ERPF, 487 ml /min, decreased 23 7 and
261 percent respectively dunng the second exeraise penod at the two work
levels Freeman, et af {9), extending the studies of Mernll and Cargill,
reported the effects of exercise m the supine position on ERPF (PAH clear

ance) m 15 normals and 11 patients with heart disease The cardiacs wese
dnided mto 5 “compensated” {edema free and ambulatory) and 6 * severe”
(bedudden and cdematous) patients Exercise consisted i working “as
vigorously as possible to the pomnt of exhaustion’ by pushing m the supme
position foot pedals agamst a 10-pound resistance The work lasted about
8 4 minutes i the normals and 8 and 6 ¢ mnutes mn the “compensated”
and “severe”™ groups Tespectrsely with rest penods as desired A smgle exer-
ase peniod was preceded by 2 control and followed by 2 recovery penods, all
of about 15 munutes’ duration All subjects were hydrated In the normals,
ERPF decreased dunng exercisé to g1 4 percent of the mean control of 540
ml /mmn and recovered to 93 5 and 95 7 percent of the control m the first
and second recoyvery pertods, respectnely Comparable figures for the “com

pensated” cardiacs are 92 percent of a 360 ml /min control and 78 7 and
83 5 percent dunng the secovery penods For the “severe” cardiacs, the fig

ures are 38 4 percent, and, dunng the recosery penods, 106 5 and 103 1 per-
cent of a 286 ml /min control Both the decrease dunng exercise and the
rate of recovery following exercise 1n the “severe” group are probably too
great, a reciprocal error attnbutable to dead space effects and not easily
comected

GLOMERULAR FrLyraTioN RATE

Glomerular filtration rate {GFR) decreases rclatively Jess than ERPF
during exercise As a consequence, filtration fraction (FF) nses GFR 15
regularly decreased to values 4 to 33 nommal during and wnmediately aftex
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severe exereise and generally moves closcly paratlel to LRPE when changes
1 the latter are large

The mechamsm by which a puticular value of GIR 15 attamed appears
to reflect the relatne cffectneness of efferent artenolar constriction i sus
taimng filtration pressurc When the deercase m LRPE 1s small, constriction
of the efferent artenoles 1s capable of sustaming GI'R near the contro! lenel
so that FI" nses When the decrease in LRPFE 15 very large, excessne con
centration of plasma protems 1 the process of filtration probably causcs 2
lowenng of filtrition pressure with 1 conscquent lowenng of GI'R 1n spite
of mtense efferent arteriolar constriction and Tt doces not contnuc to nse

The carhiest cstumates of glomerular function were based on creatimne
escrction and creatinme clearance and can be considered as no more than
approumation methods Later studics usig soulm, are considered more
rchable, although the large changes m unnc flow m exercse (sce below)
throw doubt on the quantitative accuracy of all mcthods of measurement

Walson, ef al (30) measured 1 three subjects the effects on creatinine
excrction of running up and down a flight of staws for onc to three munutes
The subjects were water loaded prior to the cvercise and unme was collected
at 10munute itervals Companng the sverages of 2 inmediately posteser
caise penods wath 3 pre-exercise periods creatimng exerction was unchanged
ncreased 2 percent, and deercased 13 percent respeetnely Covian and
Rehberg (5) d exogenous creatinine cl on 2 subjects before
and dunng heavy excriion for 12 to 6o mmutes on a bicycle ergometer
Work at the rate of 720 to 1080 kg meters/min was not associated witha
sigmificant change n clearance Creatinine clearance progressu cly decreased
at worh loads above 1080, deercasing to 37 percent of the control at 3620
g meters/mm i the one subject able to perform this work Kattus, et d
(16) were unable to detect any fi change m end creahmine
clearance m 3 subjects duning mild evercise consisting of wallung on a hon
zontal treadmill at 3 mph for 25 to so munutes Lggleton (8) measured
creatinine excretion before and at mtenvals after bricf severe exerese €08
sisting of a 4oto6o-sccond spnnt m students Average creatuine C\crcm]ﬂ

PEREAN

decreased rou N
18 percent
Lxeretion 1ate . e e o - =
or nearly to the control rate 6o minutes followng ti;e evcrase
The expenmental protocols of the following authors hase been descoibed
briefly 1 the preceding section on senal plasma flow Barclay, ef al (2)
reported that the avcrage iuln clearance of g students was 116 before, 62
immedaately after, and 100 ml /mun an hour after short severe exercis¢
Corresponding T'F were 17, 14, and 17 percent Barclay, et al are the only
imestigators to report a decrcase n I'T dunng exereise White and Rolf
29) reported the average nuln clearance per 1 73 M? of 4 subjects was
105 before, 48 dunng, 84 m the first penod after, and 89 ml /mun i the
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next two penods after moderately severe exercise Corresponding FF are 17,
20, 20, and 18 percent Mernll and Cargill (18) report an average nulin
clearance of 130 before, 106 durmg, and 127 ml /min after stair cimbing m
6 subjects with corresponding FF of 24, 27 3, and 25 percent Average muln
clearance of 8 subjects exercising with foot pedals was 105, 91, and 104
ml /mm with corresponding FF of 263 27, and 28 percent In two or
thice subjects of each group however, GFR was not sigmificantly decreased
Average inuln clearance of 4 cardacs was 116 before, 77, dunng and 121
ml /min after stair-clmbing, with corresponding FF of 26, 28 3, and 29
percent Freeman, et al (9), extending the studies of Mernll and Cargill,
report that mean GFR of 15 normal adults decreased from 107 2 1n control
penods to 1051 ml /min dunng exercise 1 the supine position by pushing
foot pedals The change 15 not statistically signsficant but this cannot be
construed to signify that no decrease occurred Mean FF increased from 19 8
m the control peniods to 21 6 dunng exercise and 21 0 1n the average of 2
recorery peniods Mean GFR of 5 ‘ compensated’ cardiacs was 97 1n the
controls, 93 2 during excreise, and 86 0 1n the recovery periods with corre
sponding FF of 27 0, 28 2 and 29 o percent In 6 ‘severe cardiacs, GFR was
97, 41 7, and 97 7 ml /min with FF of 33, 35, and 35 7 percent before dur
mg, and after exercuse, respectnely The excessively low value of GFR duning
and the lugh alue following exercise are attnibutable to dead space effects as
mdicated above with respect to ERPF studies Aas and Blegen (1) report
an average mulin clearance of 155 before and 145 ml /min dunng moder

ately severe exercise in a young man FF increased from 17 to 245 In 2
young women average mnulin clearance was 179 before and 68 m! /muin

during exhausting excreise FF increased from 22 5 to 28 g percent Inulin
clearance was unchanged n one of 2 cardiac patients and decreased from 85
to 71 ml /min dunng caercise m the second cardiac FF increased from 22 3
to 25 4 percent and from 16 7 to 26 4 percent 1n the 2 cardiac patients re

spectely Judson, et of (14) report without data a decrease m GFR n all
of 20 cardiac patients duning mild excraise Sinclarr Smuth, et al (22} report
that inulin clearance (single injection techmique) d d ficantly
m 3 or 4 out of 5 cardiacs subjected to mild exercisc but their data are not
susceptible to further analysis Werko, et al (26) measured inulm clearance
1 three groups of cardiac patients wath mild, moderately severe and severe
degrees of lumitation of function before and dunng mild exercise Average
nulin clearance decreased 2 5 in the mild, 4 0 in the moderately severe, and
8ml /min 1 the severe group dunng the exercise

UreAa Anp Torar NirroerN Excrerion

Urea excretion regularly decreascs dunng and immediately following
moderately sex cre to sesere exercise When plasma urea 1s constant, as dunng
the short penods represented by exercise and an hour postexercise recosery
peniod, urea ereretion vancs directly but m 2 complex way with both GFR
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and unne flow (26) the smaller the unne flow (greater unnany ures
concentration), the greater the losses of Gltered urca back mnto the blood
stream Consequently, changes i urea excretion show correlations with both
these ather terms and ate difficult to mterpret

Total unmary mtrogen 15 composed mostly of urca and creatimine, we
alone accounting for about 85 percent and urea plus crcatimne accounting
for over go percent of the total mitrogen Conscquently, changes in total
mtrogen excretion are usually duc to changes n thesc two compounds

Scveral authors have reported decreases in aither urca or total mtrogen
excretion dunng and mmcdutely after exercse n normal ndwduals
(56917) Duncan (6) rcported small decreases 1m ured excrction in 4 &
penments on 2 normals dunng mild cxerase which consisted of walkmg
4mph for 14 muutes Data are d for only onc evp: t, how
ever In 6 moderatcly scyercly imited cardiacs who walked slower for the
same time, usea excretion decreased 36 percent m the group average Usine
flow and sodum excrction also decreased markedly but by different pes
centages

Urine Frow

Rate of unne flow usuallv decreases dunng exereise but the magnitude,
duration and rate of decrease are not accurately predictable Simee subjects
have been water loaded and are undergomng a water diuresis when they begin
excrase the major cause of the decrease 15 probably duc to hiberatioR of
antidwretic hormone (ADH) Unpredictability of unne flow change 8
probablv duc to vanation m response of the postenor pituitary to a ghet
degsee of stress emotional components irrespectnve of the sevenity of the
excreise and vanations 1 pre cercise degree of hydration In addihos,
decreases 1n GI'R result i less sodiom chlonde, water, and total unnat
solids reaching the distal segment of the nephron so that less waters aal
able to form a water diuresis If the subject 15 not water loaded, less sohids
are available to limt the action of the concentrating mechansm The precsé
contnibutions of the two factors (GFR change and ADH production) dut
mg excraise have never been evaluated expenmentally The decrease i
unmne flow 15 not directly proportional te the intensity of the exercise Duang
mild exercise no change in flow 1s evident When a level of exercsse 1s ceached
which 1s defimstely strenuous unne flow generally decreascs rapidly to remaim
Jow until a few mmutes after the exerase when it rapidly returns to or clos¢
to the pre-exercise level

e

warm tea A tea diurests differs shghtly from a ;ure water druresss 1 that
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the contamed xanthme demative, caffeine, appears to mhibit the postertor
pitwitary and to mcrease renal blood flow and filtration rate (23) The
authors used themselves as subjects With gradually increasing running
speed, unine flow remained high at 5 to 10 ml /min until speed was about
5mph at which pomnt 1t dropped rapidly to evels less than 2 ml /mun The
drop m unne flow appears first several minutes after the start of a 6to 8
mph run, and the postexercise rebound 1n flow occurred about 8 minutes
after stopping the exercise The effects of exercise on flow were not sigmfi

cantly affected by air temperature, amount of clothing or amount of sweat

mg and could not be duplicated by hot baths Barclay, et ol (3) noted an
apparent diurnal vanation i response Diuresis from dnnlang 1 8 liters of
water was sigmficantly mhibited by a 3} mile run dunng the morning 1n 29
of 30 students Sumlar expeniments performed in the afternoon resulted
unne flow mhbition 1n only ¢ of 20 students Eggleton (8) also emphastzed
the considerable mdividual vanability 1 response of unine flow to exercise
m students Exercise consisted of a 40-to 6o-second sprint Unine flow usually
was decreased following exercise but the decrease was frequently gradual and
the rebound did not appear until about 20 minutes afterward There was no
evident correlation between unne flow and excretion of chlonde or creat

mme The pattern of the mdividual responses of unne flow to exercise was
the same whether a pint of water or a pint of tea had been taken to promote
flow The 2 duretic agents differed m that the tea duresss averaged 5o per

cent greater than the water diurests throughout the experiments

Soprunt, CrrormE, AND PoTasstust DxcreTION

A rapid and profound decrease m sodwum chlonde excretion occurs almost
mnvanably duning and after moderately severe and severe exercise The de
creased excretion returns only gradually, over an hour or maore, to the control
levels The decrease i glomerular filtration rate, noted above, 15 a sufficient
cause of the decrease 1 sodwum chlonde excretion, while no changes n
adrenocortical function or blood composttion have yet been recognized
which can account for the pattem or which contnbute sigmficantly to the
changes in salt excretion which have been observed

Expenmental studics on potassium excretion are meager In mild exercise
potassium excretion erther does not change or decreases shghtly with rapid
recovery afteraard A ble expl of the d 1 p
excretion which have been reported s a diminished supply of sodium 10ms to
the potassium secreting segment of the nephron It may be predicted, how
ever, that effects attributable to changes m respiration and in blood potas
stum and acidity will be obsen ed in relation to more strenuous exercise

MacKeth, et al {17) reported that chlonde excretion decreased duning
three or four expenments mn which 1t was measured but published no data
Wilson, et al (30) measured chlonde excretion at 1ominute mtenals in
3 expenments before and after running up and down a flight of staurs for
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1 to 3 munutes Mean chlonde excretion rate decreased from 0117 to 0024
min /mmn durmg the first zo mmutes postexcrase and then began to mse
slowly IIavard (12}, Eggleton (8) and Basclay, et al (3) report that chlo-
nde excretion decreases to extremely low lesels dunng and following buef,
hard running by students The mean dectease 1n excrction n Eggleton’s
expeniments was o 20 mm /mm It must be cmphasized, howeser, m this and
followng studics that both absolute and percentage changes 1n sodium and
chlonde cvcretion have httle sigmificance when the control cxcrction rate
1s not known  a datum wlich often 1s not published Chlonde cxerction may
conbinue to decrease dunng the mmmediate postexcresse peniod (8,11) but
usually begins to nsc after 20 to 30 minutes When subjects have been water
loaded prior to excrasse chlonde excretion has failed to attan the control
values go minates after exercise Wit tea as the diuretic, however, chlonde
excretion has generalls returned to the control level 6o minutes after exer
ase (8) Kattus, et al (16) and Swmclur Smuth, et ol (22) reported the
cffects of muld exercise on normal subjects and cardiacs Excrase consisted
for the normals of walking 3 mph for 30 minutes on a level treadmull and
for cardracs of slow or mtermuttent walking for 25 to 4o nunutes Both so-
dium and chlonde excretion decreased 1 all expenments, the sodum rela
tively more than the chlonde probably because of roles of sedwm mn potas
sium and acid excretion Sodium excretion 1 the expenments of Kattus,
etal (normals) decreased by about 0 10 mm /mimn and return to the control
level 20 to 4o munutes after the exercise Cardiacs responded m a roughly
sumlar manner but recoven was more irregular Werko, et al (26) rcpcrtcd
that sodrumn cxcrctron decreased on the average o o4, 0 05 and 0 o5 mm /mm'

o .-

that the control ratc of sodmm cxcretion 1 lower so that the percentage
change 1s frequently greater with the more severely mcapacitated mdniduals
Judson, et al {14) state that sodum excretion decreascd during mild exet
cse (straght leg raising 1o the supine position) in only half of 20 cardiaC
patients tested and not at all v normal subjects Duncan (6) compared
the cffects of 2 brsk walk for 14 nunutes on sodium eacretion 1 normals
and modcrately severely Inmited cardiacs The normals walked 4mph and
the cardiacs for whom this pace was too dificult, somewhat slower Sodum
excretion deercased  shghtly * 1 the normals, for whom full data arc not
reported, and profoundly 1n the cardiacs The magmtudes of the decreases
1 excretion are related to the control excretion rates Sodum exerehion by
one paticnt, for example, decreased from o 300 before to o003 mm / it

1n 15 normals, 5 “compensated” cardiacs, and 6 ‘severe” cardracs All subjects
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were supine throughout the evpeniments In the normals, sodtum excretion
decreased slightly, from an average of 0164 m the controls to 0148
mm /min dunng the exercise The small decrease 15 consistent with the
small and uncertam decrease m GFR No change m excretion (o147
mm /mmn } was obsered 1n the 2 recovery penods lasting 30 mmutes Mean
sodium excretion rate of the compensated cardiacs was 0148, 0124 and
o143 and of the severe cardiacs o 124, 0 060, and 0 095 mm /mmn before,
duning, and after the exercise, respectnvely

Rattus, et al (14) and Siclar Smuth et al (22) descubed the effects of
mild exercise on potassium excretion mn normal and cardiac subjects (see
preceding paragraph} In about half of themr expenments potassium excre
tion did not change sigmficantly In other expcnments, potassum excretion
decreased by small and vanable amounts The average change was a 15 per
cent decrease, and recovery usually occurred within 30 mmnutes followmg
the exercise No difference betw een normals and cardiacs was evident

Acw, AMMONIUM, AND PHOSPHATE ExXcrETION

Unmnary pH regularly decreases to quite acid levels duning and following
exercise The decrease usually begins immediately after onset of exercise and
frequently before changes 1n unnc flow can be detected Swnce unne can
seldom become more acid than approumately pH 4 8, the extent of the pH
change 15 largely determmed by the pre exercise value After exercise, pH
returns gradually to the control levels Although the causes of the pH de
crease can probably be enumerated, the mmportance of each is unknown
Among the causes may be listed decreasing urine flow which may act
part by concentrating unnary acids decreased filtration of sodwum bicarbon
ate because of lowerng of both filtrahion rate and plasma bicarbonate con
centration and increased stimulus to acid production from lowenng of

Titratable actdity, measured by the amount of alkal needed to titrate the
unne to the pH of blood, usnally exhibits few significant changes during
exercise, but afterwards nses steeply to high levels and reaches a maumum
20 to 4o minutes afterward Although an acid pH 15 necessary for sigmificant
titratable acid excretion the two terms do not necessanly move parallel
Titratable acidity 15 determined by a combination of tubular secretory dme,
amount of alkah reaching the secretory portions of the nephron, and m
particular by the amount of buffers and exchangeable sodium 10ns reaching
the acid secretory elements The most important buffer 1s disodum phos
phate and changes m buffer excretion are, for practical purposes, changes 1n
phosphate excretion, the urmary excretion rate of which is determined by the
difference between filtered load and tubular re absorption of phosphates
The 1rregular changes m titratable acidity duning exercise are probably due
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to opposing cffects of mcrcased stimulus to acid secretion and decreased rate
of phosphate excretion, while the nse m acidity after exercise 15 caused by
persisting tubular secrctory dmve combined with g phosphate cx
cretion The nise in phosphate exerction, wlich may considerably exceed the
control valucs, 15 attributable to a retum of glomerular filtration rate to
normal and to a decrcase m tubular re absorption of phosphate duning acido-
s1s (20) There s no twidence that the p wncrease m phosphat
cxcretion results from a nse m blood phosphate although this may be a factor
i random cxpenments Ammona excrction moves parallel with titratable
acidity, nsing to a peah about 30 minutes p reise The factors d
ng ammomum excretion (secretory stimulus combined with availability of
sodium or liydrogen 10ns for exchange) are largely the same as those deter
numng titratable acid excretion

The pH changes w unne dunng and after exeraise hasve been desenbed
by a number of workers (23781725) dunng and following moderately
scvere to severe exereise Lggleton (7) obsened a mean decrease of 15 pH
umts immediately after exeraise but i her expenments as i thosc of others,
pre excrase pH was mercased as a result of water diresis (2) Changes i
pH without dirctics have not been reported MacKerth, et al (17) rcported
that titratable acidity vaned irregularly dunng cxercise but usually decreased
shghtly After exercisc, actdity increased rapidly, reaching a peak excretion
rate as high as 0 1 mm /mun about 4o minutes afterward They also stated,
but without reporting the data, that ammomia tended to fall dunng the eatly
dyspneic phase of exercise and to nise somewhat upon attanment of second
wind and thereafter to parallel acid excretion Lggleton (8) measured bitrat
able acidity ammoniz and phosphate excretion before and after a 40t
sccond spont mn 12 students Unne flow was promoted 1n some by dnohing
water and in others by dunking tea Titratable acidity mercased by 004 and
ammoma by 005 mm /mun Phosphate excretion ncreased between 0033
and 0 046 mm /mmn_The manmum excretion rates of all 3 substances o€
curred 30 minutes after the exercise The obsenations of Havard (12) and
of Wilson, et al (30) are qualitatnely similar to those of Eggleton Havard

d that phosphate and cacretron d hed durtng bnef

scvere exercise but afterward approximately doubled the pre exercise 1ate
Wilson, et al reported that following 1 to 3 minutes of rapid staie chmbing
titratable acidity, measured m 7 expenments, increased by an average ¢
©036 mm /mm, ammomna excretion m 5 expeniments increased o 025 AN
phosphate m 3 expenments increased 0017 mm /min  Excretion rates
reached their maximal values 20 to 30 minutes after and returned to the pre”
exercise levels 4o to go minutes after exercise Kattus, ef af (16) and Sinclait
Smth, et al (22) measured phosphate clcarance m’relahon to mild exercisé
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in the cardiacs durmg the exeraise A sigmificant postexercise nse was m
frequently observed

ProtEIN EXCRETION

Several authors (11,17,29) have d upon the P
of protem 1n the unne after exercise Protem 15 absent or 1s present i small
amounts 1n the unne produced during exercise but appears dunng the first
30 minutes afterward and s eacreted for 15 to 60 mmutes The frequency of
postexercise protemnuna s directly telated to the seventy of the exercise but
e€ven 1n \exy severe excreise 15 not observed m all subjects The protemn excre
fion has been attnbuted to the reopening of glomeruli which have closed
down during exercise as a consequence of intense renal vasoconstriction (28)

CRITIQUE OF EXPERIMENTAL STUDIES
OF RENAL FUNCTION DURING EXERCISE

Inadequacies i our present knowledge are serious Water loading and
recumbent posture, employed mn nearly all studies, are not the usual pre
exercise state of normal individuals Both factors tend to enhance renal func
tion although the changes may be small The usefulness of water Joading—
promotion of a large unne flow to obtam accurate unne collections—is
frequently lost dunng exercise due to rapid mhibition of unne flow Not
only do unne collectrons dependent on voluntary voiding become unrelable
but the rapidly changing flow may mtroduce systematic errors which would
not have becn present otherwise Dependence on voluntary sordng has re
quired that collection periods be long enough to accumulate a unine yolume
which the subject 15 capable of voiding with a semblance of accuracy Con
sequently, rates of change of function dunng exercise are poorly known 1n
few studies have as many as two unne collection periods been obtamned dur
1mg moderately taxing exercise In only two studics (4,9) have attempts been
made to compare vanons degrees of exercise, and no systematic studies have
been made of the effects of age sex, or physical conditioning In enly thyee
studtes (4,10,17) have renal functions been correlated with other physmlog
1cal functions dunng exescise The chronie effects of traming are unknown

The mterested reader 15 referred to several excellent sources for dctajled
results of expenmental physiologcal studies and current concepts of rena]
physiology (23,24) and for teck 1 details of (19,21,23,14)

ADDENDUM

Several additional papers reporting studies on renal function dunng exer
aise were noted following completion of this chapter Although they do not
alter ficantly the foregoing conch they are reparted here for the
convenience of research worhers mn this field
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H Bucht, ] EL, C Ehasch, A Ilolmgren, B Joscphson, and L Werko
(Acta Pliysiol Scand, 1953, 28, 95) observed no clear changes i renal func
tion m normal subjects exercising for a short peniod on a bicycle ergometer
at a rate requining 500 ml /min of O, ption Sigmficant d n
filtration rate and, particularly m renal plasma flow and sodium excretion
were obscrved at O, consumption rates of goo-1000 ml /min The latter val
ues comneided with a 50 to 8o percent ncrease in cardiac output Eatraction
of pammno hippurate by the hidney did not decrease, wndicating that no
blood was dnserted from excretory tissue durng the renal oligemia

Judson and co workers (14 15) studied renal function before, dunng, and
after exercise 1n 25 patients with vanous hinds and degrees of scventy of

mcasured stmultancously This amount of exeraise stultcd n rather pio-
found reductions m renal plasma flow, glomerular filtrabion rate, and ex
cretion of sodwm chlonde and potassim m most of those patients with
severe left sided failure but m small or indetectable depression during exer
cise m most of a group of generally less severely 1ll patients wath nght sided
heart faillure

Wetlo, et al (25) obsened the usual changes in renal blood flow, glo
merular filtration rate, and sodwum excrehion dunng excreise m patients with
coarctation of the aorta The same group of researchers (27) studied the
effects of ad ration of the vasodilator drug A 1 (hydrazino
phthalazine) to cardiac pahents (mutral valvular dxscaslc, seventy not stated)
immediately before and during exercise Apresohine appeared to block the
usual renal responses Renal blood flow mcreased and fltration rate and
sodum excretion showed httle change duning exercise unless blood pressure
dropped profoundly, m which ease decreases occurred particulatly with
respect to the two latter vanables

L R Radigan and § Robmson (Am Physiol, 1 1 85 an ab-
stract) and L G Rawsz, W Y W (Au, a{md R) L ,Scl?:cgr, (]sg’Clsm> Imest
1959, 38, 8) have measured renal plasma flow and filtratron rate (manmitol

clearance) before, duning, and after walking and star-chmbing Therr data
are consistent with the findings of others
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Nutrition and Athletic Performance'

SUMMARY

Ability to perform well m an athletic event depends primarily upon the
skilled and coordinated use of @ well endoved and properly conditioned
body; however, psychological factors such as motnation may be important

m determning whether the athlete will win or lose a contest Awareness on
., . [ , -

. [ [ . o -

ance also may have a beneficial psychological effect Therefore, by affecting
the psychology of the athlete, the trammg diet and the pre event meal can
affect ks performance Since the athlete frequently expenences consider-
able nervous tension (with its digestne consequcnices) on the day of a con-
test, the pre event meal should consist of tried and true foods of a hughly
digestible nature taken some three or four hours prior to the event.

There 15 no evidence that the diet duately prior to a short term ath-
letic event can be mampulated i such a way as io improve performance
In longer events requinng sustaned muscular work, there 15 considerable
drai upon the carbohydraie stores and a falling blood glucose level may be
associated with marked fatigue Accordingly, the degree to which carbo-
hydrate stores are filled may affect endurance A small merease in muscular
efficiency 15 believed by some mestigators to occur when carbohydrate
rather than fat 1s the predomunant fuel for muscular work \Whether such an
wncreased efficiency can significantly anfluence athletic performance remdins
to be determmed In any event, it seems desirable to prepare athletes par-

Jor
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ticipating m cont q g end: with diets that will ensure maxi
mal filling of carbolty drate stores prior to the event

The tramed athlete requires no extra protem, however, there is evidence
that during nigorous traiming the diet should contan hberal quantities of
proteun m order to pernut the muscle mass to increase rapidly and without
cost to labile protemn sources clsewhere i the body Supplementary vitamins
fprrobably are not needed in the nutnitional program of the athlete who s
consumng a nutritious diet A shght sodiwm deficiency can unpar athletic
performance before any cluneal signs of sodium lack are discermble There
fore durmg hot weather adequate amounts of salt and water should be
gnen to replace losses of these substances through the skin Ecess body fat
can be an important mechanical handicap for the athlete, yet caution must
be exercised m diagnosing obesity 1 the athlete who s merely overwerght
w termns of the standard height weight tables Many “overweight’ athletes
are not actudlly obese and for this reason more mformatne medsurements
than those of weight and stature should be made when the athlcte’s calorc
status 1s beng assessed

Although there 1s considerable doubt whether marpulation of an ade
quate dict can enhance performance there 1s no doubt whaterer that per
formance can be sigrficantly impared when a less than adequate diet 1
consumed The best diet for the athlete 15 one he enjoys and one that at the
same tune provides a vanety of nutritious foods i amounts adequate to
mamtam Ins weight at an optumal ley el

INTRODUCTION

Manipulition of the dict m order to enhanec physical performance 152
procedure that has 1ts roots in the superstthion and magic of the unrecorded
past At one time, men swallowed powdered hon's tecth to make them
strong Sumlar practices are still carmed on m pnmtne cultures For many
centuries the popular belief existed that violent muscular everaise requires
the eating of a large amount of meat and m the 19th century Liebig (42)
gave saentific support to this tenet by proposing that dunng exercise the
substance of the muscles 1s used up He stated, All experience proves that
this comversion of Ining muscular substance 1nto compounds destitute of
vitality 15 1eeclerated or retarded according to the amount of force cmployed
to produce motion’ Subsequent evpenments showed conclusnvely that
heavy exercise 1s not associated with anv significant increase in Toss of nitrog
enous materal, howeser, the conviction that meat was the food par excel
lence of the athletc was so strong, and the prestige of Liebrg so great, that
a number of years passed before the doctune of “meat for muscular work
was reluctantly discarded

According to Drummond and ‘Wilbraham (14) concem for the diet of
athletes paralleled the growing mtercst 1n sport that began to be apparent
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m England toward the end of the 18th century Early m the 19th century,
1t was customary for the athlete to begin Ius training with a senes of strong
purges to clear away ‘all the noxious matter he may have had 1n hus stomach
and ntestines ” After this  punfication,” d red meat (preferabl

underdone}, bread, and mild beer were prescrbed (35) Drummond and
‘Wilbraham have wntten “The Oxford crew n the Snities tramed on a diet
of underdone beef or mutton, bread, tea and beer, with a Lttle jelly or water
cress as a treat at the evening meal Instructions were given that no vegeta
bles were to be caten Cambndge, on the other hand, suffered no restriction
regarding potatocs, greens, or even fruit From 1861 to 1869 there was an
unbroken succession of Ovford victones So much for vitanuns m athletics
It 15 convemrent to consider the cffect of diet on physical performance at two
lesels psychological and physiological

PSYCHOLOGICAL CONSIDERATIONS

Much still necds to be learned about the effect of the psychological state
of the athlete upon Ins performance Yet 1t 15 widely agreed that motnation
plays a major part 1n determining whether an athlete will win a contest The
food that 15 consumed dunng traning and 1mmediately before an athletic
contest may have a psychologreal significance for the athlete that exceeds its
physiological and metabolic importance (39) The sigmficance of cating
Tate meat as a symbol of manly vigor and strength 15 obvious In the course
of lus traning program, the athlete frequently must work hard and forgo
many pleasures Accordingly, lus nced for gratification 15 accentuated Some
of this necd can be met by prosiding lum with appetrzing foods, such as
special desserts and rare beef This provision makes him feel that traiming
has 1ts meidental rewards and helps to prevent hum from  gowng stale * Pre
sumably there 15 an clement of atavism m the emphasis on cating meat at
the traming table

The dunling of ik {although not alwass recommended at the traiming

table) has 1 some cultures become associated with the idea of health and
‘clean living” Then, too, the training table may provide some of the sense
of secunity and reassurance gencrally obtamable by the practice of ntuals
Use of vanous ntuals by athletes i prepanng themsehes emotionally for
contests 1s well hnown Thus food has a significance far beyond the nutn
cnts 1t provides Also, the atmosphere m which food s served 15 frequently
more important than the quahty of food served (44) The morale value of
turkey at Thauksgn ing has been recognized by the mlitary services, and on
this holiday Amencan soldicrs stationed 1n far-off lands are served turhey,
regardless of the cost imyolved

A number of studics have purported to show that between meal feedings
dunng worhing hours improre the cfficieney of performance of ndustnal
workers (24) Howeser, when such studies have been repeated wath use of
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suitable controls, 1t has usually been possible to demonstrate that the bene
ficial effects were psychologreal rather than physiological in ongin When
ingestion of sugar before an athletic performance scems to have a salutory
effect, st 13 dufficult to dearde whether this response occurs for psychologieal
or physiological reasons

In view of the importance of psychologieal factors 1n modifymg physical
performance, 1t would be unwise and unjushfied to deprecate the psycho
logical value of food, and of the ntual of the training table for the well beng
of the athlete However, 1t scems important to study these psychological
aspects of food and the truming table carefully m order that their contnbu
tron may be better assessed and clearly distinguished from possible physto-
logical and metabohe factors

PHYSIOLOGICAL AND MLTABOLIC CONSIDLERATIONS
DiGesTION AND ATHLETIC PERFORMANCE

Considerable attention has been paid to the pregame or pre-cyent meal
As Bensley (3) has pomted out, the chuef consideration to be borne m mind
m plannng this meal 15 the emotional stress that the athlete may expenence
on the day of the contest Loss of appetite, abdonunal discomfort, and evea
nausea, vormiting, or diarthea may occur If the meal 1s taken too close to
the game or cvent, the anucty of the athlete may interfere with appetite and
digestion Moreoscr, the distended stomach may impair performance There
fore m most cases the pre event meal should be consumed not Jess than
thrce hours before the contest Individual food preferences should be 1€
spected The athlete knows from expenence which foods can be eaten with
out causing i discomfort As a general rule, only foods known to be hughly
digestible should be consumed as part of the pre event meal

Sources or Exercy DUrING ATHLETIC AcTivITY

1 S e e e vt Ul CHGUWILLIL dIK TTANNLE Aukess e

changes in diet may affect the amount of cnergy and the rate at which this
can be made available Obwiously an enormous vanation custs m the €
penditure of energy by athletes, and many classifications have been used to
dwide athletic performances m terms of encrgy expenditure One such
classification distingwishes four groups (1) single effort field events, such
as the high jump, the broad Jump, putting the shot, and polevnultmg
(2) spunts and hurdle races, (3) middle distance runs, such as the mile rn
and (4) prolonged efforts taking more than one hour, as exemphfied by the
marathon

(1t 15 acknowledged that a number of sports would not fit mnto the for€
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gomg categones For example, wrestling a most strenuous sport, requires
not only explosive body movements but a constant fighting against the

of the opp Hence 1t b some features of sprit, mid
dle and long distance runs with occasional single all out efforts )

From what 1s known about intermediary metabolism 1t would appear that
the sources of energy for these classes of endeavor may be somewhat differ
ent For example, in the single effort events and sprnts requining bursts of
effort, the body can make use of stored energy readily avalable from the
energy rich organic phosphates adenosine tnphosphate and creatme phos
phate Howeser mn order for the lgh energy phosphate bonds of these
compounds to be regenerated fuel must be metabolized To a himted ex
tent energy nich phosphate bonds can be regenerated by the breakdown of
glycogen to lactic acid a process that does not require onygen However
the major supply of energy expended bv the body 1s demved from the com
plete exidation of small fragments denved from carbohydrate and fat In
deed per molecule of glucose omdative phosphorylation 15 much more ef
fective than the phosphorylation connected with lactic acid formation

In the 100yard dash, the oxygen requirement 1s over 6 hters Smce the
human respiratory and crculatory cquipment can provide only approm
mately 650 milliliters of oxygen durmg the 10 scconds needed to complete
this cvent, 1t 15 clear that the body 15 able to perform work and replemsh
energy stores for a lumted time in the absence of oxygen Ths 1s accom
plished pnmantly by the breakdown of glycogen to lactic and Howeser this
process 15 limited since the maximal oxygen debt the body can mcur
seems to depend upon the amount of lactate that the tissues can tolerate
Lactacidermia may unfavorably affect blood acid base balance and conse
quently, the metabolic and physiological funchions that depend on the
mantenance of pH level within a certain optimal range

The oxygen needed for recovery after muscular exertion under anaerobic
conditions 15 related to the total quantity of lactate produced dunng this
penod V' 1 ' " 1 '
m orde | [N ! ! ' ’
longer weewsa; « - o' ! '
enter the tncarboxylic acid cycle and undergo complete ondation with
restoration of homeostasis

Dunng the recovery phase osygen 1 excess of current needs 1s taken m
to make up tlus deficit which may be as high as 16 hiters Such an oxygen
debt can be curred rapidly or more slowly In practical terms, if an athlete
exercises to a degree so that he needs 8 Iiters of oxvgen per minute he can
mamtam such a pace for only a few mmnutes, smce i that time he will have
reached lus oxygen debt cclng  Since the owygen tequirement increases
rapidly with an increase m runmng speed the ability of the spnnter to
achieve a pace almost 5o percent faster than that of the mile runner becomes
readily explicable n phystological terms
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Tt must be cmphasized that the body 1s not able to mamntamn an intake of
the order of 4 iters of ovygen per mmute for very long If exercise has to be
mamntained for a matter of hours, oxygen consumption approaches one hter
per munute Thus as the energy expenditure of the athlete becomes more
prolonged, its mtensity must dimmush As its ntensity lessens, the relatne
importance of the ovygen debt mechamism also dimmishes For moderate
distances, the runner may depend 1n part on hus “recovery” penod, for long
distances, he must run ma steady state” (the condition 1n which the mtake
of oxygen meets the metabolic needs of muscle)

1t would seem that, i the first threc classes of athletic events listed abore,
the fucl supply 15 an 1tem of mimor concem, sinee the amounts of cnergy used
are relatnvely small In the fourth class, where endurance may be a decidmg
factor, the fuel supph becomes relatncly more important In any cvent, since
diet does more than merely provide fuel for muscular actnity, a more de
tailed analysis of the wavs i which dict can mfluence performance 1 ap
propnate Beforc such an analvsis can be undertiken, howeser, the methods
and cntera used m the assessment of physical performance should be brefly
considered

InFLuEnct OF DIET ON PmysicAr Prrrorviance

It has already been mentioned thit motnation, shall, and coordination
play important roles in determming the outcome of athlehic contests Thus
1t 15 mherently difficult to studs the problem of diet in relation to perform
ance under satisfactonly controlled conditions As Marrach (30) has stated,

Exccllence 1 athletics does not depend so much on the cnergy output b
muscles and the rate at which this output can be mamtamed as on the skal!
with which this energy 15 used ” Use of studics with ammals 1n assessiog the
cffect of diet on performance 1s not a particularly helpful procedure because
of the difficulty 1n nterpreting n human terms quantitatne changes that
may be measured m cvpenimental animals Keys (26) has properly stressed
the importance of using ngid standardization and has enticized many earbier
studies because they were not sufficiently prolonged to elminate the
penod of adaptation to a new dictary pattern suddenly imposed on the e
penmental subject

Generally, the critenia used mvolve measurement of performance of an
actual physical task, such as swimming 100 yards or running a mile The
responses of such physiological factors as pulsc ratc, body temperature, and
reaction time to muscular activity also senc as mdication of the ability 10
perform under standard conditions Brochermical changes s the blood,
particularly vanations m values of blood glucose, lactic acid, and heton®
bodics, have been measured dunng and after a standard task and used 25
1ndexes of performance

The term “efficiency” applied to muscular actiity 15 a technical evpression
that refers to the energy cost of mechanical work Ordinanly effictency 1
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calculated m one of two ways as gross efficiency (total encrgy output e
lation to mechamical work done) or as net efficiency (the mcrement of
energy output over some predeternuned base line energy output, such as the
resting or the basal metabohe rate, i relation to mechamcal work performed
15) Gemmll (16) has discussed the ments and disadvantages of such
calculations in a comprcl review Of mcthods for measur
mg the mechanical energy developed by man during excresse, the most
commonly used 15 the bicycle ergograph Considered as a b man
operates at a manmal efficiency of about 25 percent (caleulated for chimb
ing stairs), this 15 somewhat better than the ordmary gasoline engine but
not as good as the diesel engine
In hus review of the problem of physical performance in velation to dict,
Keys (26) has histed three ways in which special dictanes might nflucnce
muscular performance ‘These mvolve (1) renewing the supply of encrgy
stelding nutnents, (2) facibtating the cnergy yielding reactions and (3)
counteracting physical chemical changes m the body dentified with fahigue
A fourth way 1n which dict can fasorably influcnce physical performance 1s
by reducing any appreciable excess in fat content of the body Such a de
crease 1n adiposity will result w a proportional decrease in the energy cost
of moving the body or its parts
‘The first of these categones has to do with the fucls of muscular exercise
—carbohydrate, fat, and to a lesser extent, proten Because witamuns arc
essentual constitucnts of enzyme systems which n tum are an wmportant
part of the machinery of energy metabolism these nu, propetly fall
mto the second category, which 15 cancerned with the problem of facihtating
the encrgy yielding reactions Smce fatigue 15 beheved to be a mamfestation
of altcred physiology mnduced by lar work, the nfl of
lar work on | tasis can be dered 1 the third category
Lastly, since excess fat results from a positive encrgy balance masntamed for
a prolonged penod, the problem of reducing the athletes weight must be
thought of 1 terms of the calone provision at the traiming table measured
agamst the day by-day encrgy expenditure calculated rfor lhnt' pamc'ulax
.

sideration of lus bodily composihon (2} (Although chmical deficiency
states obviously can be assocuated with mpared performance, such dis
orders have been exelnded from consideration m this paper The present
discussion 15 concerned pnmanly with the problem of determining whether
there 15 such a thing as an optunal dict for a guen category of athletic per
formance )

Carbokydrate  Most obsenvers have noted that, when carbohydate 1s
readily avarlable to tissucs, it 15 used preferentuatly for muscular work ow
ever, as reserves of carbohydrate diminsh, creasingly more fat 15 metabo-
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lized Accordingly, esther carbohydrate or fat, or any combination of the
two substrates, can provide fuel for muscular enercise Krogh and Lindhaid
{29) reported that, when subjects arcon a Ingh-carbohydrate dict, they show
2 higher net muscular efficency than when they are on a high fatlov
carbohydrate dict Calculations based on respiratory calonmetry indicated
that up to g percent greater eapenditure of cnergy per unit of work occurs
when fat 15 being burncd (the respiratory quotient cquals 07) The findings
of Krogh and Lindhard were continucd and confimed 1n their Jaboratory
by Bierung (5) However as Gemmull (16) has ponted out, these authors
used 2 projected hine to obtamn the two extremes for thor calculations A¢
actually determmed the highest respreatory quotient obtained was 093
when the work evpendrture was 46 calones, the lowest respuatory quotient
was 075 when the calonc output was 482 Accordingly, the actua) differ
ence betneen these two measured points 1s 4 5% Marsh and Muslin {31)
were unable to distmguish any relaton between efficrency and relatne
quantity of fat and carbohydrate m the dict when light work was pcxformed
but nated a decrease w efficiency on a diet hgh m fat after such a diet was
continued for three or four days

Haggard and Greenberg (20) performed studics with the bigycle ergo
graph that led them to believe that a high carbohydrate wntake 1ncrease
mauscular efficicncy markedly and that an inerease m the antenal between
meals was assocuated with o
been unable to discover 2
After reviewang the Iiteratt, © vy« gquw v v venys
cency of dicts hugh in carbohydrate or fat Gemmull {26) concluded that
muscular efficiency 1s practically the same on all diets He states that theie
1s a shight increase n cfficiency after a high carbohydrate dict, which probabl}'
does not exceed 5 percent

Tn prolonged physical actimity a definite corrclation can be obsenved be
tween symptoms of fabigue and a decrease i blood sugar level YWhen g
cose s adi cred under these ¢s, the sy disapp and
the power to work 15 increased Chnstensen and associates (9) beliere that
the 1 cffect of ad 1 glucosc 15 a neurophyswlogical Phe
nomenon and not due to 1 direct metabolic effect on muscle Apparm“?

Simonson and co:mﬂ\ers (34)
changes m blood sugar level A
pamed by hypoglycema, althou,,
by fatigue ve '

Considerable literature has appeared concerming the effect of preahfast
and its composition upon performance of work and emotional status
Tuttle and assocrates (37 38) found that omission of breakfast affecte!
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adversely performance on the bicycle ergograph Thom, Quimby, and
Clinton (36) and others (10,21) have observed that a breakfast high m
protewn has value n mamtaming the blood glucose level and also a feehing of
wellbeng Yet many of the effects of omission of a meal may result pri
manly from the sudden interruption of an established eating pattern Studies
on ndiduals who habitually omit breakfast might be more rewarding
Moreover, 1t would be inappropuate to apply results obtamed i studies on
mdustrial or clencal workers to athletic performances (33) Before an ath
letic event, the athlete may be in a psychological and physiological state not
at all comparable to what might be anticipated under more casnal circum
stances

Concermng dietary sugar and performance, the remarks of Abrahams (1)
scem pertinent

What of sugar, approbated as a readily available source of energy to be taken
before a contest? It 15 ble that in a very p d effort the
mught be exhansted and hvnorlvcemia occur But that a snecial sort of exnlosne
1

that he will be powerfully mfluenced by anybsdy 1 whom he has confidénce m
which case 1t 15 immatenal what he 1s given 1 have been comvinced of this psy
chologxcal element with substances simpler than sugar and sometimes quite mert

Hald: and co workers (21,22,23) have studied the effect of carbohydrate n
take on physical performance, using the time taken to complete 2 100-
yard swam as the mdex When a high-carbohydrate meal was taken three
hours before the swim, performance was not better than that after an 1s0-
calonic meal low m carbohydrate Blood sugar concentrations were higher
after a swim of this distance 1n all cases but were not affected by the com
position of the preswim meal Hald: and associates concluded that m bnef
penods of very strenuous exercise muscular efficiency 15 dependent upon the
energy reserves and the training of the subject The composition and size of
the pre exercise meal do not appear to play a significant role

Although the proponderance of available evidence indicates that the
composiion of the pre-exercise meal does not affect efficiency dunng
athletic events of brief duration, there appears to be httle doubt that the
capacity to endure prol d lar worh 15 enh d if carbohydrate
stores are replete prior to the exercise period Whether this favorable cffect is
due entirely to the maintenance of higher blood glucose levels or whether 1t
can be explained mn part by the slightly greater efficiency of muscular work
when carbohydrate 1s the predommant fuel 15 not entirely clear Chnsten
sen (9) and others believe that m the last few days before an athletic con
test heavy work should be avoided to allow for maximal filling of carbo-
hydrate stores However, more expenmental work 1s needed before 1t can be
stated with assurance that this belief 15 well founded.
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Fat There 1s no doubt that fat provides fuel for muscular work In sus
tained exercise, when carbohy drate resen cs duminish, the respiratory quotient
falls, indicating that an mcrcasing proportion of fat 1s bemg oxidized How
ever, fat scems to plav a passic role in energy metabohism, 1 the sense that
when carbohydrate 1s available as a fuel for exercise, the respiratory quotient
usually nises and the contnbution of fat to energy metabolism dimmshes n
propottion When excreise ceases the respiratory quotient agan falls to low
levels ndicating that the mctabolic muxture m the blood 1s largely com
posed of fat In the dict of athletes (as m gencral), fat at the metabolic Tevel
acts as an indiffcrent source of energy Beyond this, 1t makes no special con
tnbution to muscular performance

Recent studies notably by Dole (13) and Gordon (18) and their respec
tive associates, have provided evidence that fat 1s made available to penph
cral tissucs for fucl m the form of nonestenfied fatty acids (NCFA) NEFA
levels mn blood vary myerscly with the rate at which glucose 15 utilized, for
cxample NET'A levels are clevated in the fasting state and 1n uncontrolled
diabetes They dunmush promptly when glucose or msulin 1s admumstered
Study of the behasior of plasma NLI'A under varying conditions of physical
encrese should provide mteresting additional nformation about fat metabo-
Tsm during exercise

Protern Since Zuntz (47) and others (7,8) have shown that protem 18
not metabohized 1 significant amounts dunng muscular caereise m the
well nounshed person 1t need be considered only brefly as having an cnergh
rcleasmg reaction The mmportance of meat as a conshituent of the dict of

athletes has been much debated but 1t would appear that an excess of meat
at the M

value
cise s,
g place

protem durmg traiming for he:lvy'muscular work ;;d founnd that early 7
traming the hemoglobin and albunun contents of the blood decrease The

As a result of these ﬁndmgs: Yam;p has concluded that dunng traiming
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profers accumulates s muscles at the expense of blood protems He has
recommended that, dunng trasmng programs myolung heavy muscular
watl, 3n exeess of protem be consumed Such a diet would help 1o provent
ancmua and permit the muscle mass 0 merease m size more rpdly 1f
Yamap s tesults can be confixmed, st would mean that hemoglobin synthesis
docs oot necessanly take precedence over other protemn requarements as
some studies have tmphied In any event, it seems clear that determmations
of mitrogen balance dunng penods of ngorous trawmng indicate onby whether
a net catabolism or anabolism of protem 18 taking place

Additional stadies, including determmnation of body conshituents awg
needed to provide mformation about mpottant mtesnal changes in protemn
metabolism that may be taling place The studies of Yamap and his col
leagues desene to be carcfully followed up m the United States parbieularly
with sespect to changes i mesenve or labile protem that mav oceur dunng
condiionang penods w athietes who have been out of traming for some
time Uf the athlete 35 a growmg bov, he il need extra prote to mect this
partieufar anabolc requsrement whether bie 1410 traming or not

Vigmans s now widely recogmized that many vitamuns of the B group
are ymportant conshituents of coenzymes that parbicipate m the enegy e
leasing teattions for which carbohsdsate and fat provsde the major substrates
{4} The specsfic vitamins known to be imohed are thianuoe {cocarbow]
ase}, nboflavin (flavoprotem o ] de {diphosphopyndmne
nucleotide, or cacnzyme 1) pantatheme acid {coenzyme A), and probably
itamn B, {codecarbovslase and transamimnation coenzymes) and biotn
{earbon diemde fratian cocnzvme) The mbonale for beheving that vitamm
supplements might significantly affect phisicad porformance mvolves the as

phion that subchnical wikanun defi d4re ot uncommion 13 appar

ently well nounshed persons or fahing this that it 15 possible to supercharge
the encrgy producng reactions by providiag an excess of vitamins

Keys and s assoruates (26} were unable to ducover an bencfit ta per
formance of work. or capacty from large dady supplements of the B vitamins
ghven to soldicrs mantamed on ordmary Umited States Army garnson @
fions Tn hus rovies Keys states that he has been unable to find convnemg
esidence that supplements of the B complex or vitanuns C or E, sepaately
or 10 combypation would enhance the physical performance of apparently
well novmshed persons Boume {6) has recommended a high vitaxn mtale
for athletes on the ground that the requirernent for certam vitamins may be

Iv mcrcased m styeo eerase Actualls there s very Wdde e

dence to suggest that the requirement for itamuns 53 apprecsably snereased
dunng prolonged muscular worh {41} At best, the sequirement for tertamn
Vitamins way merease n direct anthmetical poportion to the nerease m
expendituse of eneszny In spite of oceassonal reports of apparently beneficsal
effccts of vitamun supplementation upon athlete performance (40), 3t xe
Mains to be demonstrated comaneingly that supplementation of the diet of
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the athlcte 1 traming with vitamms of any sort has a bencficial effect on
1 1 , or coordination
Electrolytes and Blood Acid Base Balance  After bricf periods of strenu
ous exercise, there occurs a marhed merease in production of lactic acid by
the working muscles At the same time a moderate mncrease 1 production of
pyrusic acid takes place These values are greatest 5 to 15 minutes after such
exeraise but remain comparatively lugh dunng the balance of the recoveny
penod (17) According to Chnstensen and co workers (), the nise 1n Jactic
acid brought about by work of definite seventy becomes less for the subject
n better traming However, there 1s no evidence that the trancd subject
can disposc of excess lactate more rapidly than the untrained person
The mechamsm of lactacidemia has already been discussed However,
SINCE SEVETE EACTCISC IS d with an lation of large quantities of
organic acids, alkalimzing procedures have been suggested as having possible
value m reheving the fatigue of the athlete Denmig and Ius assoctates (12)
studicd the effect of alkalne producing salts such as sodum citrate and
sodium bicarbonate on the endurance of voluntcer subiccts runmng on
. nts suggested
Dennig was
[ favorable ef
fects however, the following possibilities were considered (1) an effect
on mood, (2) reduction m the work of breathing duning exercise, and (3)a
protectne effect on the pH of blood and tissues Jolinson and assocates (25)
studied the effects of blood alkahimzers on the cfficiency of runners and

lxttl: mfluence on the ability of the normal person to {:erform muscular
WOori

When carbohydrate stores are depleted duning prolonged strenuous €vef
cise, a mse m blood level of ketones may be anticipated  According o
Grollman and Phillips (19) the degree of hetonemia occurning under con
trolled dictary conditions during performance of a standard tash mvolng
muscular eaertion varies directly with the degree of traming of the indny idual
performing the task They postulate that the greater nsc 1n levels of blood
Letones 1n the tramed 1ndiidual may represent that portion of the ovgen
debt not accounted for by lactacidemia Incidentally, therc appears to be
no evidence that the mild to moderate ketonemua of exercise durng a tme
of carbohydrate depletion 1s 1n any way deleterious

Frequently athletic contests are carried on dunng hot weather and ar¢
associated with cxcessive losses of sodium chlonde and water from the sk
Obviously under these crrcumstances replacement of salt and water
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needed Keys and associates (26) have found that work capacity m heat 15
markedly reduced when salt i severely restnicted, even when this does not
mvalie hieat cramps or heat hyperpyrea At least 2 to 3 g of sodmm
chlonde must be replaced per lites of sweat Jost Salt tablets may be upset
ting to the digestive tract, and many physicians have found a weak solution
of socwm chionde to be better tolerated by the mdivdual deficient 1 salt

Calorses and Body Werght Ordinanly, the athlete will spontancously
mgest food 1 amounts adequate to mamtam hus weight It 15 unusual for
obesity to deselop during a perod of ngorous physical condhtioning, how
ever, 1f the training table food 15 appetraing and also calonically concentrated
and the traimng stself moderate, 1t 15 quite posnible for the athete to accumu
Inte fat dunng the tranng penod If the athlete has allow ed humself to gam
fat intercurrently, he will tend to lose o dunng the truning penod 1t 15
axiomatic that the athlete who decreases lus total weight by Josing excess fat
will be a more effcient machine Accordingly for most forms of athlehes
obesity, even to 2 ild degree, constitutes a mechanical handicap

The deselopment 1 Germany of a hght, portable respirometer has made
possible the comvement collection of fastly accusate formation about the
calonc cost of different hinds of athletic activty (28) In assessing the nutn
tional needs of athletes, it 1s clearls important to obtam rehadble wforma
tion about the calones evpended by the athlete m the performance of hus
pathiculer event ot events Passmore and Durnin (32) have carefully re
viewed much of the recent information on the subject of espenditute of
energy of man They have recorded Sgures for the energy costs of different
sports evpressed as calonies per punute For example, they note that skung at
moderate speed on Jevel, hard snow msolves a sigmficantly greater energy
cost than swamming the cravl at a rate of 53 3ards per sunute On the bass
of quantitative information of this sort, 3t should be posuble to obtain 2
better understanding of the calone needs associated with a varety of sports

As a resnlt of apphication of dilution and densitometnic methods con

derabl 100 has been gathered concerning the body composition of
athletes (37) Welham and Behnke {43) studied 25 athletes and found that
on the basis of standard height weight tables of the type used by the i
surance compames and the mibitary sences, 17 fell mto the overmerght
category When these & pef d deter of specific
granty on the 17 subjects whe by com entional standards would hate been
classified as obese they disconercd that 12 of the group possessed high
corporeal specific gravity This mdicated that those particular * overwerght”
subjects actually had 2 relatnely low content of body fat and a proportion
ately mereased lean bods mass On the basss of these findings, the authors
hane proposed that oseswesght should be defined i terms of the speaific
gravity of the body mass, with a tentatnve dniding line at the value 5 oo
{specific gravity) between the obese and nonobese categones

If the com entional catenon of desizable weight, based on relationshup be-
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tween haght and weight (modificd by age), 15 used uncntucally as a guide, it
1s concensable that a number of lean athletes might be placed on reducing
diets m the mistaken belief that they were obese Such a procedure could
only smparr the athletes ability to perform Thus i the assessment of the
calonc status of athletes, it would scem particulasly umportant to use cn
tena supplementary to the ssimple determination of body werght, such as the

between f 1l nt of chest and abdomen and
the measurement of thichness of shinfold with appropriate calipers
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Lrerase and Waght Condrol

SUMMARY

Exercise does entail a considerable expenditure of energy For example
while the calonc requrement of a sedentary man s of the order of 2400
calories per day a physically actn ¢ individual may consume twice as much or
eren more

In sprte of popular belief the performance of exercise 15 not dautomatr
cally followed by an mcrease in food mtake Thus wicrease only takes place
if the indiidual was fairly actwve to start with If he was sedentary he can
step up Tus actovity without any such wicrease i appetite Conversely if ac
ity 15 decreased below a certamt powit (the exact powrt depends on the
mdnadual) gppebite docs not decrease correspondingly n fact it may
trease somewhat The result of course 15 accumulation of fat

Frnally the cost of moving the body is proportional to body weight It
follows that the energy cost of a ghen exerase 1s greater for an orverweght
person than for a normal weight mdnidual Comverscly d physically actine
person will tend 1o hare o more stable weight than an mactoe person Thus
regular exercise has an essential role i weight control

In the past one or two decades and at Ieast on thus side of the Atlantc,
the role of exerane m weght control has been nunimized f not ndiculed
The basis for this demal has been not expenmental or chimcal work (nor the
weght of the accumulated evpenence of the century which has always con
trasted the lean hard acine soldier or hunter with the fat merchant or
clerk) but sunply two plausible misconceptions These arc as fallows

v Dxeraise sequires relatnely hitle calone expenditure and therefore i
creased physical actiaty hardly changes the caloric balance
= An merease n physical activty 15 afways antomatically followed by an 4
301
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crease m appette and food mtake and may therefore actually mmpar
weight reduction

ENERGY EXPLNDITURL IN EXLCRCISE

The first nusconception, mimmizing the calone cxpendature due to physt
cal actiity should be avorded be anyone who has cver looked at a table of
energy cxpenditure Such tables lustrate the fact that the cost of cvercise
canbelagh Similath the Natonal Rescarch Council table of recommended
dictary allowances for men vary from 2400 to 4§00 calones per day depend
ng on the level of actity {6) The figure of 4500 calones per day docs not
represent an upper hiout (laborers, soldiers m the ficld, and athletes often
require up to or cven more than 6000 calones per day}

In contrast to these statements, one frequently hears o reads such state-
wents as the following  the calonic equualent of a pound of fat can ouly be
matched by walling 36 houts sphtting wood for 7 houss, or playing volley
ball for 11 hours These unattanable extremes of physical actity are used
to d rate that 1t 15 impossible to lose werght by exercise The wmplicit
postulate 15 that the cost of excruse depends entirely on the exerase be
mg done at one stretch Actually, of course, the cost of sphtting wood far
seven howrs will still be equivalent to one pound of fat cven though theseres
hours may not constitute one streteh Thus while sphitting w ood for seven
consccutn ¢ hours would be difficult for anyone other than a Paul Bunyan,

sphitting waod for one half hour every day, by no means an unpossible tash
for a hea

sented a

eercse,

Ahalf hiour of handball or squash a day would be cqunalent to 16 pounds
ayear

, It scems more useful, however, simply to recall the measured costs of &f

of average size (145-170 ponnds )

=
short duration peaks of actwity reached m competition, when calone expend

mimutes without undue discomeort
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In most types of exercise, no heavy object 15 moved other than the whole
or parts of the body Therefore, the energy cost of exeraise 15 proportional to
body weight (5,25) If excess body weight 15 so great that 1t 1mpairs body
moyement, this relationship will no longer stnietly apply, and the cost of exer
caise will actually increase faster than body weight (6}

If the energy cost of exercise 15 approwmately proportional to body
weight, 1t follows that the overweight person will require more energy, and
hence burn more body reserses for the same amount of exercise than would
a shmmer mdnidual Twenty percent overneight will mcrease the cost of
walling, tenms playing, golfing, and such by zo pescent This represents a
much greater proportional increase than that mtroduced by the increase
basal metabolism due to excess weight, which 15 proportional only to a frac
tional power of the body weght (15,25)

Thus any increase of the calonc intake above halance level 1n a physically
active individual will cause only a modest increase i weight because of the
energy cost of moving the cxtra poundage On the other hand 1n a sedentarv
individual, less energy will be expended moving the extra weight and hence
weight gan will be more rapid and more pronounced A sedentary person
will therefore be exposed to the danger of overweight to a much greater
extent than an indnidual who makes a practice of dailv or at least fre
quent, physical exercise

Data from studies of espenmental obesity support these concepts In the
hereditary, obese hyperglycemic syndrome of muce, the bulk of the exira
calonies comes flom mactraty rather than from hyperphagia If nonfasted
ammals are placed 1n activity cages and spontaneous actiity measured, it 15
found that obese ammals are fifty to one hundred times less active than
nonobese anmals (1920) This mactity 15 not the result of etreme
obesity but 1n fact precedes 1t, as 1s shown by the companison of actiity rates
of mature nonobese animals and of young obese animals of the same weight

1t can thus be considered as one of the etiological factors n the syndrome
determined by the ‘obese hyperglycemic” gene Nonobese ammals pla
teaued in weight consume about 20 calones per das_of which 10 cover basal
expenditure, and 2 cover speafic dynamic acthon, leaving 8 for the cost of
actnity Obese hittermates consume about 25, and may gauy up to 1 gm (or
9 calones) per day Therr basal s, again of the order of 10 calones per day,
S D A =25 calones per day When the exght calores expended daily on ac
trvaty by the nonobese mouse are asenbed an the obese mouse to fat synthesis,
the rapid development of the extreme adiposity 15 no longer a thermody
namic impossibility

The weight gain of genetically obese mice can be drastically reduced by

treadmill exercise (22) The obese members of the stram who camy the
“waltzing” gene and are m constant rotary mosement 1n thar cages show
a waight gamn only about 30 percent greater than the nonobese muce, rather
than 200 or 300 percent as shown by the sedentary obesc muce
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Hjpothalanuc obesity in the mouse 1s also charactenzed by a considerable
degree of mactnaty (23) By contrast, goldthioglucose obese mice are nor
mally active but spontancoush lose weight 3f gnen the opportumty to cier
aise more m a squirtel type of rotars cage (16) It 15 worthy of note that
recent findings (17) reveal that reducing the weight of obese animals
through exeresse has a much more lasting cffect than reduction through cur
tmlment of food

Such findings cmphasize both the diversity of obesitics as regards spon
tancous actnties and the importance of exercise as a weight control factor

EXERCISF 1OOD INTARE SND BODY WEIGHT

A second frequent misconception concering the value of exerase m
weight control 15 that an merease in physical actinaty always causcs an 10
crease 1n appetite and food mtake which cquals or 15 greater in energ) value
than that of the cnergs cost of the exercise

That m 1 normal 1casonibly exereised anunal or person an mcrease 10
food intake follows an nerease m actity 55 true at evplams why the weight
of most adult ansmals and men 15 relatnnely constant Proper adjustments of
appetite prevent the bodv from mdefintels buming away reserves if them
dividual 15 called upon to perform at hugher levcls of evertion than hithertd
customary However evpenmental results show that ths 1s truc only within
a certain range which has been termed by the author normal activity range
(21 22) Ithad alrcady been shown (8) that rabbits, when restricted 1 ther
actnaty by confinement 1 a small cage, will consume morc calories than
they require and accumulate fat The excess food consumed 1s characteristie
of the stran hence a hereditary factor 15 imvolved here The same phenom
enon 1s 1llustrated by the fact that rats can be made obese by total 1mmobt
zation (12)

The dependence of food intake and body weight on physical actiity has
smce been sistematically esplored m cypenmental ammals (22) When
mature rats accustomed to a sedentary ( caged) custence were cxercised on
a treadmull for ncreasing daily periods 1t was observed that for low dura
t1ons of moderate excrcise (2o mimnutcs to 1 Tiour) therc was no coﬂ'esP“nd

hncarly and weight was mamtamed (range of proportioncd response &
normal actnitv range on Iig 161) Far very long durations of eACTCISEs
the ansmals lost weight, their food mtake decreased and therr appearance
detenorated (cvhaustion range on Tig 161) Both the sedentary and the
cvhaustion ranges can thus be considered nonresponsine 1anges with 1€
spect to food mtake as i these ranges, an ncrease 1n activity 15 not accom
pamied by a correspording increase 1n food ntike Of partrcular mterest 10
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the problem of obesity is obviously the sedentary * nonresponsie” zone It
demonstrates that under abnormal environmental conditions forcing partial
immobihzation or at least a sedentary hife on the subject, the hmuts below
which the regulation of food mtake no longer responds by a decrease to a
decrease m achivity, 15 overtaken Adiposity s the unavoidable result Ths, of

VOLUNTARY CALORIC INTAKE AND BODY WEIGHT
AS FUNCTIONS OF EXERCISE IN NORMAL RATS
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and exercise m expertmental animals (22)

course, has been known empmeally to farmers for centuries and explains
the practice of cooping up or penning up cattle, hogs, and geese for fatten
mg

Sumilar observations are available on man Greene (10) has studied more
than 200 overwerght adult patients i whom the beginnng of ebesity could
be traced directly to a sudden decreasc 1 actwaty The author had the op
portumty 1n the summer of 1954 to conduct a study on an ndustnal pop
ulation of West Bengal (India) showing a particularly wide range of physical
actisity (from bazaar tailors and clerks to coolies carrying twice their body
weight on their heads for mne hours a day) Fig 36 2 illustrates the findings
(24) The determmation of food intakes was facihtated by the fact that most
of the mdiduals surveyed did not Ine m a famuly situation, but bought
their food and cooked for themselves The lack of provision for storage
forced them to market frequently The dict was extraordinanly uniform for
each mdwidual and showed hitle vanety withn groups and from group to
group Individual oneday dietary recalls, checked by buying records and
checks on amount of money spent per week on food gave results generally
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wdentical with exhaustive dietasy histones and appeared more representative
of long range wntakes than comesponding data obtamed m a3 Westen
socsety Activity was & 1 by detatled schedules, industnal ratings of
physical effort, and some Douglas Bag detemminatsons Clerks were further
subdnided mto four classes according to the nuleage wathed datly to and

BODY WEIGHT AND CALORIC (NTAKE AS
A FUNCTION OF PHYSICAL ACTIVITY
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of intake, body waight, and cxercise m adult
men (z23)

from work, Class One bemg
the most wnactive group who
actually Irved withim the fac
tory grounds The vanaus oc-
cupations or subgroups wese
represented by at least 100
dinduals  each and  were
grouped according to a broad
classification of achwaty, €
tremes beang represcated on
the one hand by merchants,
supervisors and “nonwathmg
clerks, at the other end by s¢
leetors and pilers, carricrs Who
carned up to 1go pounds of
jute per man, coal Mok ash
men who carned equally beass
Dags of coal and ashes and 11
loaded them n an awkvard
tmanner, and cutters who speat
therr whole day swngios
beavy cutbng  hanes wih
practically no pause Indmd
ual waghts vaned from
pounds to 198 pounds for the
same heght (5727 to 4"
Econome differesices, cultusal
rehgwus, and ethmuc factors
could be accounted far av
ruled out 1n the analysss of the
results It 15 readily seen from

g 26 2 that the cunues obtamed for food mtahe and body weight as fut
tions of food ntake ate stukingly sinlar to Fag 16 1 obtamed on tats AgA%

there s 2

range which

1

ds to no further decrease m o

mtake (imstead to an micrease) and where increasmg degrees of avernerght
th

foltow 1g eaeraise (Inadentall
Y

g of the actual mereasé

m food wtake under extremely sedentary conditions ts not clear It m3y n
dicate decreased ready avalability of reserves, possibly as a result of ccul2
tory sluggshness due to wactivity )
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The work of Taylor and colleagues at the Department of Physiologeal
Hygiene, Untversity of Minnesota (29), has also shown that an mcrease
excrcise above the very scdentary Ievel was not 3 by an screase
1 food sntake i adult males

‘The problem of the relation of weight to actnity wm chuldren has also been
mvestigated Bruch (3) had found that mactwaty was charactenstic of the
smajonty of the 160 obesc children which she had studied Onty 28 percent
of the boys and 22 percent of the gnls were “normally” actne Seventy six
percent of the boys and eighty eight pescent of the gals were physically m
actne Rony (30) suggested that lazness or decreased tendency to muscular
actvity 18 a pnimary characienstic of obese subjects, it 1s demonstrated

tutdhood by avoidance of alt actity, outdoor play and athletics
Bronsten (2} found that most of the 35 obese children which he and his as
socuates studied spent mast of thew Jesuse time i sedentary activities
Graham (g} reported sumlar obsenations Danish workets, m particular
Tolstrup (32) and juel Nicksen (14), attempted a semuobectise gradmg of
groups of obese chuldren and found that lack of actnity was charactenstic
of these subjects Pechos (28), studying a Jarge group of Bostan children,
found that diffesences m body buidd, and more specifically m fat content
and distabution, was not conrelated wath calone wntake Fry (7), studying
obgse children selected as presenting large fat pads, found that these chil
dren did not have lugher average calonc ntakes than did control cluldren
of the same beight and age In her tabulation of “rough psychological eval
uatian” a much higher propottion of obese children than of nonobese chil
dien ave labeled as only moderately acive or mactne This diffcrence was
particidasly marhed as far as the boys were concerned No data, howeves,
Were guven to support this estmate

1n a recent study conducted m cooperation with Dr Mary Lowse Johnson
and Mes B S Burke {13) an attemapt was made to compare systematically
both calone wtahe and actwity mn cascfully pawed groups of obese and
normal wesght school giels Exhaustne tesearch relatimg to dictary hutones
3and actnaty schedules cosenng the year preceding the study was conducted
The Burhe rescarch dictan history method was used (), wath due regard for
the dfficultics encountered when apphied to children (18) and to obese
subjects (1,33} The peture of physical actruty was obtained by a system of
successive examnabons st 2 list of usual actvitics was estabhished and the
subjects were asked how much time they devoted to each on a daily or weelly
basis depending on the tvpe of actisty considered The subjects wese then
asked to complete the hst of actmaties and schedules, cosenng the year by
seasons Total houss per week were checled, and w another interview the
activties were sechieched again on the same general basis If the total me
per week had been grossly over or underestmated, specaal efforts weve de
ated to locate the causes of the error The activities scre rated on the basis
of Rose {31) and Orr and Leitch (26} Findings were that subuiban high

P
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school guls were generally not very actine Even the schedule of the non
obesc group showed hittle time devoted to liousehold chores, hittle participa
tion 1 actine sports and, at least dunng the school term, a mimmum
amount of time devoted to walhing or to other physical actusty. Lven so,
however, there was a marked difference between the obese and nonobese
groups The obese group was much more mactive than the nonobese Gen
erally speaking, the time spent by the obese group n spoits or any sort of
cxeresse (includmg batiroom dancing) was less than half that spent by the
thin guls, the difference bemg absorbed by “sitting” actwaties By contrast,
calonic intakes were gencralls larger i the nonobese group than n the obese
When possible, factors leading to posttne cnergy balance were analyzed It
appeared that for this particular group, even when probable sources of error
inherent i the dietan mterview method and in the type of actaty analy
sis selected were recogmized, mactivity was of greater importance than over
eating m the development of the obesity. These lgh school girls, both obese
and nonobese, attended summer camp cach year and almost without ex
ception reported loss of waight under the systems of enforced strenuous
actwvity, i spite of ssimultancous increased food intake

a summer of enforced sports without anv dictary restuction No obese boss
gamed weight under such conditions they erther mamtamed therr weight at
previous levels or lost Bv contrast, a large proportion of nonobes¢ bovs
gamned weight under the same regumen

CONCLUSION

The author 15 cominced that mactwity 15 the most mmportant factor €
plaining the frequency of “ereepimg” overweight in modern Westem s
cieties Natural selection, operating for hundreds of thousands of years
made men physically active, resourceful ercatures, well preparcd to be hunt
ers, fishermen, or agneulturalists The regulation of food mtake was neiét
designed to adapt to the highly mechamzed sedentary conditions of modem
Iife, any more than animals w ere made to be caged Adaptation to these con
ditions without development of obesity means that cuther the indrduat
will have to step up hus activity or that he will be nuldly or acutcly hungty all

LT A )

the young, ghly compehitn e sports for the few are emphasized at the e»
pensc of mndnidual sports which all conld learn and continue to enjoy after
the high school and college years are over But if the first alternatne, St
ping up activity, 1s difficult, 1t 15 well to remember that the sccond altem?
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tive, 1€, hifetime hunger, 15 so much more difficult that to rely on 1t for
weight control programs can only continue to lead to the fiascos of the past

Tasre 161  Energy Cost of Sports®

Cost Cost
Sport {Cal/Hr) Sport (Cal/Hr)

Walling 2 mph 200 Soccer 550

3 mph 250 Canoemg 25 mph 180

4 mph 300 40 mph 420
Runming 800-1000 Sculling 50 str/min 420
Cschng 5 mph 250 97 str/min 670

10 mph 450 Rowng {peak effort) 1200

14 mph 700 Swimming breastand 300 650
Horseback ndmg walk 150 back stroke crawl 700-900

trot 500 Squash 600 700

gallop 600 Climbing 700-500
Dancing 200-400 Shung 600-700
Gymnastics 200-500 Skating (fast) 300-700
Golf 300 Wiestling 900-1000
Tenms 400-500

Source  Modified and szmmanzed from Om and Lestch (26) and from Passmare
and Dummm (27)
» Fugures obtamed for men, caloric cost to be added to hasal expenditure

Strenuous evercise on an irregular basis, 1 untramed individuals already
obese, 15 obviausly not what 15 advacated here But a reorganization of one’s
Tife to include regular exercise adapted to one’s physical potentialities 15 a
Justrfied return to the wisdom of the ages

REFERENCES

. Beaudom R, & Mayer, ] Food mtakes of abese and non obese women
] Amer Diet Ass, 1953, 29, 29

Bronstemn, ] P, et al Amer | Dis Child, 1048, 63, 283

Bruch, H Obesity i childhood, energy expenditure of obese children Amer
] Dis Child, 1940, 60, 1982

Burke, B § The dietary history as a tool m research J Amer diet Ass,
1947, 23, 1041

Food and Aguculture Organization of the UN Report of the Commuttee
on calone requiements Rome FAQ Nutntonal Studics, No 15, 1957.
Food and Nutnhion Board R ded dietary al Washing
National Rescarch Council, Publ 589, rev 1958

Fry, P C Comparatne study of “obese” children sclected on the basis of
fat pads J c¢hn Nutr, 1953, 1, 453

Gasnter, A, & Mayer, ] Recherches sur la régulation de la nutntion Ann
physiol phys Buol,, 1939, 15, 146

w N

FS

o w

w



310

©

-

15
16

17
18

29
30
N

32
33

JEAN MAYLR

GCraham, H B Acute agranulocs tosis with recovery Med ] Australia, 1947,
3, b49
Greene, ] A Clmical study of etiology of obesity Ann ant Med, 1939, 1%

1797
Heald, I , Stefamik, D & Mayer, ] Calone mtake in rclation to encrgy out
put of non obesc and obese adolescent boys Amer ] Chn Nutr, 1959, 1

55.

Ingle D | & Nzamus, ] C Lifect of msuln tolerance of normal male rats
to overfeeding of lugh carbohydrate diet Endocninol , 1947, 40, 353
Johnson, M L, Burke B S, & Nayer | Relatis ¢ importance of mactity
and overeating 1n cnergy halance of obese high school girls Amer J chn
Nutr, 1956, 4, 37

Juel Nielsen N On psichogene obesity m children Acta Paed, 1953, 4%

130

Keys, A Calone requirement of adult man Nutr Abstr & Rers, 1949, 19,1
Matshall, N B & Mayer, ] Energy balance i goldthioglucose actmity
Amer | Physiol , 1954 178, 271

Marshall, N B & Mayer, ] To be published

Mayer ] Tood composition tablets and assessment of calone content of
diets | Amer Diet Ass, 1952, 28, 308

Mayer, ] Decreased actnaty and energy balance m hereditary-duabete 530
drome of muce Science, 1953, 117, 504

Maser, ] Genctie, traumatic and cnvironmental factors m the etiology of
obesity Physiol Revs, 1953 33, 472

Maser ] Multiple causatine factors i obesity In V- A Najjar (Ed), Fat
metabolism Baltimore Johns Hoplns Press, 1954 Chap 3

Mayer, ], et ol Excreise, food mtake and body weight in nosmal rats and

, descnption

Mayer, J, Roy P & Mitra, K P Rc]a(non bcm’een calone mtake, body
weight and physical work studies 1n industnal male population 10 West
Bengal Amer | elin Nutr, 1956, 4, 169

Newburgh, L H Obesity cnergy metabolism  Physiol Ress, 1944 24 18
Orr | B, & Latch I D 10n of calone ts of man Nutr
Abstr & Revs, 1938,7 509
Pagsmore, R, & Durin, ] V G A Human energy expenditure Physiol
Rers, 1955 33, 801

Peckos P C Calonc intake 1 relation to physique 1n children Sciencé:
1953 117, 631

Personal communication from Dr Henry L Taylor

Rony, H R Obesity and leanuess Philadclphia Lea & Febiger, 1940
Rose M § In H C Sherman (EQ ), Chemustry of Food and Nutntion
{4th ¢d ) New York Macmllan, 1935

Tolstrup, K On psychogensic obesity 1 children Acta Paed , 1953, 43, 89
Vanden Berg, A S, & Mayer, ] Companson of one day food record and
research dietary history on a group of obese pregnant women [ Amer Diet
Ass, 1054, 30, 1239

q



17 ELSWORTH R BUSKIRK
AND DAVID E BASS

Chmate and Exerase

SUMMARY

Regulation of body temperature 1s effected by physiological mecharsms
which modify avenucs of heat loss or gan, the result 1s that wternal body
temperature 15 maintained within g relatively narrow range m the face of a
wide vanety of environmental and metabolic stresses Sumple exposure to
heat resylts i vasodilatation and sweating Vasodilatation, by ncreasing
skin blood flow, enhances transfer of mctabohc heat to the penphery,
whence 1t 15 dissipated by radsat, m d m, and erapora
tion Secrction of sweat provides water for e\npomme cooling and n mod
erate to severe heat stress 15 the body's major defense agamst overheating
Exposure to cold results m » 10n and sh
reduces heat loss by reducing heat transfer from the body core to the surface,
and shivering increases heat production

Exercise, ¢ven tn cool environments, imposes a eat load on the bod), and
evokes the usual physiological regulations agamnst overheating However,
thermaregulation duning exerctse differs from that dunng sunple fieat ex
posure 1 that the thermostatic ‘ setting’ of the body 1s set at hugher Ievels,
depending on the sesenty of exercise

When exercise 1s combued with heat stress, the interactions on the body
have ymportant unphcations, particularly for athletes This anses from the
fact that exercise, m addition to mmposing an wmiternal heat stress on the
body, also has a specul requirentent for @ larger blood flow to the working
muscles As a result, even light work in the heat places a large burden on the
cardiovascular system to mamntan an adeguate blood supply simultancously
to the dilgted skin blood vessels, the working muscles, and the bramn Actiaty
which is easily accomphished m caol wcather may become impossible during
a hot spell due to the mabilsty of the heart to mcrease its output suffictently
to mect these threc requirements for blood flow, consequently dizziness,

ant
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nausca, and other signs of heat exhaustion supenene, and plysical perform
ance 15 markedly impared To an athlete, this means that an excellent state
of plysical condition may suddenly become wnferior sf s athletic cvent
oceurs during hot weather to wiich he 1s unacclimatized

Of great importance therefore 1s the ph of acclimatization to
heat By workmg out 1 a hot room for as little as 2 to 4 hours daily for 7-10
days, an athlete can dramatically improve Ius ability to function i the heat
Performance wluch nught have been reduced as muclt as 50 percent on the
first day m the heat can be mproved almost to that attamable i cool
weather by tls process Once attaned acclunatization to heat 15 well re
tained for one to two weel s without further heat exposure

Knowledge of the mteractions on the body of heat and exercise suggest
several practical considerations for coaches and athletes Prior acclimalig
ton to heat 15 one of the most tmportant Other factors are mantenance of
adequate hydration use of lighter umforms, msuring adequate ventilation
for evaporation of sweat scheduling events during the cool hours of the
evemng i warm latitudes Attention to these sunple precautions, based on
physiological considerations could lead to improved performance and mim
nuze major form reversals due to hot weather

INTRODUCTION

"The human body 15 constantly bombarded with threats to its equihibrium,
these threats come both fram witlun the bady and from the envizonment
One of the most common acute stresses ansing from withmn the body 1s that
mmposed by exercise On the other hand, the most comman outside source of
stress 1s probably chmatie ¢g  heat and cold Both these stresses, exercise
and chimate smpose stramns on two mmportant physiological parameters, tem
perature regulation and cardiovascular function In the case of cold stress
exercise may senve as an antidote to cold In the case of heat stress, how
ever, one gets at least syncrgism and probably cven potentiation siace &3
craise and heat independently and 1 ly mmpose strains ont both

d function and temperature regulation

It 15 the purpose of this chapter to discuss the effects of chmate on mans
performance abihty 1n exercrse and/or athleties, with special emphasis on hot
enviroaments It 1s beyond the scope of this chapter to give a detailed expost
tion of temperaturc regulation The reader 1s referred to the excellent dis
cusson of this topie by DuBors (24), to 1anous chapters in the book edited
by Newburgh (43), and the recent book by Burton and Edholm (18)

THE PHYSIOLOGY OT' TELMPLRATURE REGULATION

Our thermal state 1s mamntamed by balancing heat production and heat
loss As shown m Fig 172, the body can gain heat from metabolic heat p&
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duction and, m hot weather, from the environment The body can lose heat
by raduation, convection, conduction, and evaporation of swecat or other
water {see defimtion at end of chapter) Some knowledge of these purely
physical factors 15 requured for clear understanding of how body temperature
1s mamtamed We shall therefore discuss heat gan and heat loss bnefly be
fore considening physiological responses

Normally the major source of body heat gan 1s from metabolism When
a man 1s telaxed and m the fashing state is Basal Metabohie Rate 15 such
that app ly 70 hlocal (kcal ) are Lib d per hour In cool
environments this heat production 15 wseful tn mamntainmg normal body
temperature, 1n hot weather 1t 15 a physiclogical disadvantage Under conds
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Fic 171 Factors that mfluence heat balance in man

tions of heavy eaeraise, the heat production can exceed 30 times the basal
tate, this excess heat 1s produced mamly m the muscles Tt 1s important to
realize that the blood which flows through muscles retums dircetly to the
bady “core” before bang circulated to the penphery When men evercise
strenuously, the internal organs are among the first to recene the impact of
the increased heat producton

The majer physical avenues of beat dissipation are radiation, conduction,
convechon, and evaporation Lsaporatie heat loss reqmres some clanfica
tion to supplement the definttion at the end of this chapter This s the body
heat lost when water 1s comvested from hquid to sapor, e g, evaporation of
sweat from the slag surface A certan constant amount of water vapor 1s
given off by the body through the intact shin and m expired air, which 15
almost completely saturated with water vapor This us collectnvely termed
msengible water loss, since 1t 1s not nonmally visible; n very cold weather the
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fanuliar foggy breath 1s evidence of this loss via the lungs, and at mnus
40°T the loss through the mtact skhin 1s sumlarly demonstrable as a fog nsing
from the hands The total msensible water loss 1s not neghgible, amounting
to almost onc hter of watcr datly the body heat lost i forming this wates
vapor amounts to approumately one fourth of the basal heat production
Tls msensible water loss mav be disadvantageous m cold weather, since 1t
1 pot a regulatory mechamsm The major source of evaporatne heat loss
dunng exercise and 1 heat stress 1s from craporation of actively scereted
sweat It should be pointed out that heat loss from all sources occurs at 2
body surface

In regard to physiologteal responses, a nude man rechning quietly m a
constant temperature room at 85-88°F 1s 1n a neutral thermal state, 1¢, he
can remam 1n the room indefimtelv without becoming uncomfortably warm
or chulled (55) In a stll atmosphere comsective heat loss from the skin sur
face 1s neghgible, since there are no air currents, and conductise Joss 1s small
since air 1s a poor conductor Most of the heat 1s lost through radration to the
surroundmgs and evaporation of msensible water Withm the body, heat 15
brought to the surface largely by comvection (by the blood flow) and toa
certasn extent by conduction through the tssues If we now mcrease the
room temperature shightly (to 89°F), certain physiological responses occur
At fist there 15 a dulatation of the skin blood vessels, heart rate, and cardia
output mncrease and blood flow through the skin 1s ncreased, as a result
there 15 a hugher rate of heat transfer to the shin from the mtenor This can
be seen 1n the fushed skin on warm days or with severe exercise As a result
of this increased sk blood flow, the surface temperature of the body is
creased and o0 15 raduatne loss to the environment Further werease 1

;;mblcnt temperature imposes a heat load which cannot be met by radiatne
oss

serve 15 the claboration of sweat The sweat glands provide the majof
physiological defense against overheating The body can secrete over three
liters of sweat 1 an hour of strenuous excresse 1 hot weather, this epré
sents a very large avenue of heat loss, since the evaporation of each liter of

s“a:t 'rfmmci approximately 580 keal from the body It should be cmpha
© 7oA Fhnt nw o

T e T =S S
when evaposation s hampered by high humdity In summary, the protec
trve physiological responses to heat stress are ncreased skin blood flow and
the onset of active sweating

1f we return the man to a thermally neutral ensvironment and begin 10
cool the room, certain responses which curtarl heat loss occur at surpnsingly
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high temperatures (we have scen nude men complan of chilhmess after two
hours at 83°F) Fust, a constnction of the shin blood vessels oceurs, this
Reeps thie warm blood away from the skin surface The shin surface cools
gradually with an accompanying reduction 1n heat loss Actually a shight m
crease 1 body core temperature often accompames this rapid vasoconstrc
tton, since body heat production is now distributed 1 a smaller volume In
addition to the general constnction of shin vessels certam mteresting and
umportant localized changes m shin blood flow occur, for example, the blood
flow to the fingers and toes 1s reduced 1n far greater proportion than in the
test of the body In cold men, the finger blood flow has been found to be
reduced to as little as one fortieth of precold values (5), thus transforming
the fingers mto essentially bloodless masses of hissue Unfortunately, once a
man has become chilled 1t 15 very difficult to reopen the blood vessels m the
fingers short of completely rewarming the mdividual Since the fingers nor
mally have a very hugh blood flow relative to theur volume, this would appear
to be a useful mechamsm for reducing total body heat loss, possibly at the
expense of freezing fingers

As was the case 1 heat stiess, changes m the size of blood vessels and the
vascular bed have only hmuted protectne capaaity agamst chilling As a
man becomes progressively colder an important mechanism—shrs enng—is
activated Shuenng represents insoluntary muscular activity and adds to the
metabolic heat production, thereby tending to warm the mndividual shier
ng may be mamifested as shght tensing of muscles with mild chilling or as
violent, uncontrollable spasms when the man 1s very cold Although even the
most siolent shnenng 1s not as cffective for rewarming as 15 voluntary ex
ercise, shivering can nevertheless add as much as 350 Leal to the body per
hour It has becn reported that shivenng can prevent further heat loss m a
cold man, but will not replace the heat alreads lost from the body (.43)

A companson of the defenses of the body against heat with those aganst
cold reveals that the first ine of defense against both stresses depends on
changes i the size of the shin blood vessels and the vascular bed, and that
thas first Tine has hmted abihity to combat heat or cold The major physio
logical defenses against heat and cold stress are, respectinely, sweatng and
shiverng

From the foregomg, 1t would appeat that our body temperature, the famil
1ar 98 6°F, 15 a jealously guarded constant * In a sense, howeser, the term
“body temperature’ 18 a tusnomer smce 1t obviously 15 not the tempera
tute of the entire body to which we refer, but that of the body “core” as
measured by rectal temperature The body core can be at 99 0°F while por
tions of the skin surface are at 60°F or lower, even m comfortable environ

97-104°F Since thelilealthylmdn 1dual stays within this range i the face of
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large fluctuations 1n heat production and emy wonmental temperature, he 1s
obviously m heat balance, 1¢ heat produced cquals heat lost The factors
1n this balance hase been desenbed previously, and we have seen that bal
ance 1s mamtamned as a result of physiological responses acting to modify the
purely phystcal avenues of heat gawn or loss (I'tg 171)

The homeostatic mechamsms of the body provide a considerable buffer
agamnst unduc heat stress For cxample metabohic heat production dunng
athletic events (especially track) may increase to values more than 30 tmes
the Basal Metabohc Rate without 1ll cffccts It 1s interesting to compare this
tumover with the total bods heat content Normally the body of a sedentan
indvidual 1n a comfortable environment contains approximately 2000 leal
(above 0°C) A thirtyfold increase in metabolic rate would add z100
keal to the body i onc hour thus a well traned athlete can successfully
tolerate a metabolic heat load wluch m one hour equals the total heat con
tent (above 0°C) of his bodv Tlus does not mean that he mamntans heat
balance dunng exercise mdecd there occurs an actual storage of heat the
body, as evidenced by an icrease in body temperature Howeser, sufficient
heat 15 dissipated both duning and after the evercise to prevent excessné
nse 1n body temperature Most of the heat s lost via csaporation of sueat
Sweat rates as high as 3880 grams per hour have been reported for short
severe bouts of exercise 1n hot environments (15) 1F completely evaporated
and sustaned for one hour this would extract 2250 keal, or 32 X basal
heat production

Although the body can successfuly tolerate large metabohe heat loads the
extent of its success v
msms For example
equally important in }
the slan from which
itself by supporting metabolism of the swcat glands and by providing
adequate water for the formation of sweat

The importance of sweat m temperature regulation requires 4 brief con
sideration of the physwology of sweating The rcader 1s referred to the excel
lent trscent books by Kuno (36) and by Rothman (49) for detailed a¢
counts

Thermal sweat 15 sccreted by the eccnne glands whuch are distrbuted ved
widely over the body Although the lnghest concentrahions of cecnne glands
are on the palms and soles these are responsne to emotional rather ﬂ]al‘l ::

cholinergic m nature as evidenced by the fact that drugs which bt
acetylchohne eg atropine also bt sweat secretion
The stumulus for sweating may be emotional or thermal Although &0
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tional {and sensory) sweating contributes little to thermoregulation, 1t 15 of
mmportance 1n certam types of athletics, eg, weight hfting, gymnastics,
games nsolving use of the hands This type of sweating occurs mamly on
the palmar surfaces of the hands and plantar surfaces of the feet, the armpats,
crotch, and to a certain extent, on the face The shmulus for this type of
sweating 1s largely central 1n ongn and the impulses are confined to central
nerve pathways Thermal sweating, on the other hand, may miolve both
penpheral and central stmult, and may be reflex or humoral Sudden local
heating of the shin can cause sweating v1a long and/or complex reflexes, the
afferent impulse ansing from thermal receptors 1 the skin and ascending via
poorly defined pathways to the heat regulatory center in the hypothalamus
(17) Whether this mechanism plays a major role in thermoregulation 1s an
open question Another stimulus for thermal sweating 1s humorally trans
ported heat, that 15, warm blood from the penphery stmulates the hypotha
lamic thermoregulatory centers These centers are also responstve to m
creases m shin temperature The relative roles of sensorv and humoral
stimuli 1n normal thermoregulation are not clearly understood

Thermal sweating mvolves a latent pertod, usually of onec two mmutes,
but occasionally as long as eight minutes (47) Exercise usually shortens thus
latent pened (31} Emotional sweating, however, 15 almost instantaneous,
requinng only the time taken to traserse nerve pathways Thermal stimuli
do not ordmanly affect sweat secreted on the palms, soles, pubic region, and
amllae and, conversely, emotional stimult rarely evoke sustamed general
body sweatmg

The sweating mechanism 15 remarkably sensttive In a resting man the
cntical shin temperature for the imitiation of sweating ranges from 31° to
35°C In exercise this 1s somewhat lower As the heat load mcreases so does
the sweat rate Sweat rate 15 probably the best indirect index of the heat load
mmposed on the body, whether from the ensironment, exercise or a combina
tion of both (2 41) (Seelater section on Heat Stress Indices )

DISTURBANCES OF HEAT RCGULATION

When the total heat load on the body exceeds the it of thermoregu
tory compensation, vanious mcapacities occur These fall into three major
categories 1n order of ascending seventy heat cramps, heat exhaustion, and
heat stroke (2,38,30)

The above three categories may overlap or follow each other m sequence
Heat cramps and exhaustion arc not dangerous if recognized and if the
dividual ceases hus actity Heat stroke, fortunately a rare occurrence, can be
fatal as a result of wreversible damage to the central nenvous system The
average mdividual wall “quit” when heat exhaustion scts in, the athlete whe
15 highly motwated, may overextend himself physwologically dunng contests
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Taste 171 Classification of Debilitating Effects of Heat

Disorder Cause Symptoms Tast A
Heat cramps  Excessne loss  Pam and muscle Rest admumster
of salt n spasm pupillary salt and water
sweating constriction with

cach spasm Body
temperature nor
mal or below nor

mal
Heat exhaus  Cardiovascular  Giddiness headache Rest in shade in
tion inadequacy famting rapid and recumbent posi
dehydration weak pulse vomt tion  Admunstes
ing cold pale Buids
clammy skin small
w1se 1 body
temperature
Heat stcohe  Fajlure of High body tempera Alcohol spray bath
temperature ture imtability or immersion
regulatory prostration de cold water
center duc to brum hot dry Medical emer
excessnely flushed skin gency requinng
high body Sweating dinunished a physician
temperature or absent

m hot weather and thus expose himsclf to the danger of heat stroke Top

p}];n)s)cnl condition and pror acchimatization to heat (vide wnfra) reduces
this nsk

THERMOREGULATION DURING LXERCISC

Normally the largest source of heat stress dunng exerase 15 that from
within the body 1¢ the heat of metabolism Even a completely mactn€
man has a requirement to lose heat of metabolssm at 83°F When severe €
ereise 15 undertaken the stram on temperature regulaion becomes acute

- @
METABOLIC HEAT DURING EXERCISE

Unfortunately metabolic fate cannot be accurately assessed during the
course of an athletic contest using present techniques Body heat gam dunng
exercise has been measured only under laboratory condthions or outdoos
truls as a 1esult only Tmited mformation has accumulated and “typedd

metabolic rates for an average individual may be only roughly estrmated
for some sports



CLIMATE AND EXERCISE 319

A compilation of walking and running metabolic rates was made by
Henry (29) and 15 repmduced as Fig 172 The relationship between speed
of prog on and the {Laters of Op X 5= keal )
mdicates approximate heat pmductlon Pace for championshup performance
m the longer track events 1s hsted i the following table

TasLe 172 Approsimate Pace for Championship Performance 1n
Olympic Track Events

Event Pace
Meters Yards Miles Meters/Sec  Yards/Sec  Mph
1,500 1,640 093 682 745 152
5000 5,468 311 614 671 138
10,000 10,936 621 585 640 131
41,843 45,760 2600 517 565 116

‘When the information contamned m Fig 17 2 and the above table are com
bmed and the heat production for a grven event estimated, 1t 1s readily ap-
parent that runming these track events evolves considerable heat within the
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Fic 172 Graphuc presentation of basic data on the oxygen requirement of
honzontal walking and runming (From Henry, 29)

athlete’s body One further consideration 1s 1mportant Since an athlete
probably performs long distance events with a mechanical work efficiency of
approxumately 15 percent, this percentage of total heat production m keal
does not appear as heat withm the body Efficiency falls off considerably
when work 15 done bically {(with lation of an oxygen debt)
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A considerable erros may be produccd by combaning data from scpaste
studics, because of targe intenndividual differences Laen 10 or 20 pereent
tess heat elaboration than eateulated from Fig 17z and Table 17 2 sl poses
2 tremendous heat foad which must be dissipated Targely by evaporation and
comvection Bannsster s plea prior o the 1956 Olympics becomes meanmghal
15 view of the sbove 1 hope the marathon will be held at a sensible hime
Melbourne and tot i the heat of day

It has been cstimated that football requires the evpenditure of approse
mately 8oo keal fone howr contest (25}, squash rachets 6oc heal /hout (=27)
and wiesthng g6o Leal shour (45) Competitine rovang at 3 rate of 1112
mph zequres 3230 heal /hour {28), cross country shing about 3400
Leal /hour at a specd of g mph {21), and cranl stroke swimmng approv
mately 2000 heak /hour at a spoed of 31 mph (34) Alore detailed estimd
tions )of energy expenditures dunng athlebic activities are aalable {45
3242

TACTORS AFFLCTING HLAT LOSS DURING LXERCISE

The avenues of physical heat transfes withum the body and at the shin suf
face are markedly affected by evercise For cample, the body movements
accompanytug exercse ot sports enhance heat loss via cony cction 30

poration as a result of d atc movement over the body surface In
this conection 1t 15 important to realize that a major patt of sncrcased heat
production during esercise ongmates m hmb muscles which are closc to 581
faces which are readly affected by asr movement

Museular activity (with the exception of statie muscular actraty ) usually
results m an mereased blood flow through the muscles, however, 3 ¢
sequent reductron m blood flow may occur m other parts of the body, €8/
splanchme areas and ladneys (22 35 43 30} The vasomotor, actity, and
blood flow response that occurs m a gnen organ dunng evercise 1 dependent
on a large number of factors mcluding the * settng and envirenment or
physical activity, the type of physical actiity, the extent of emobonal
yolvement, ete

Heat loss dusing esercise 1s marhedly affected by what happens at the shit
surface The change m skin blood Sow may be exther an wncrease, decreast
or no change depending on the degree of vasodilation or of \asoconstrcbon
and the extent of the merease m cardiac output Increased blood oW
through the skin would of course facilitate heat Joss Ordinanly, measure
ment of skin temperature dunng rest prouides a rough ndex of what 8
happenimg to skin blood flow Dunng excrene, measuremiont of shin tem
perature yields valuable mformation about the mode of heat loss but pro
vades httle mformation abont delnery of heat to the body surface

T1g.17 3, taken from Hardy, Mithourat, and DuBoss {27) shows the effect
of exercise on avenues of heat loss and on skin and rectal temperatures
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Rectal temperature rose steadily dunng 36 minutes of a strenuous squash
game The skin temperature fell durng the same period, the drop m skin
temperature was due to a combmation of increased air movement over the
skin surface and icreased esaporation of sweat Skin blood flow may have
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Fic 173 Heat production and heat loss m a man playing squash (From
Hardy, Milhourat, and DuBos, 27)

1ncreased but this change was obscured by the substantial coaling of the shin
surface

Release of catechol amines {epincphnine and norepinephnine) dunng pe
n0ds of emotional stmulation and exercise contribute to the response of the
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vascular system to the athletic situation Epinephrine 18 ‘ known as a powes
ful constrictor of the vascular structures in the skin and splanchnic areas and
a vasodilator of muscle vessels whilc norcpinephrne may have httle cffect
on either shin or muscle blood flow (54) Since these hormones are gen
erally released ! ly 1n varying absolutc and relatrse amounts {with
sespect to cach other) considerable rescarch 1s necessary to provide a cleat
cut picturc of the mechanisms of action and sites of action of catechal
amines during cxcreise

INTERNAL BODY TLMPLRATURE DURING EXERCISE

1t 15 well recogmzed that dunng athlctic events, athletes tolerate Tugh body
temperatures which would mcapacitate a man under condttions of heat
stress alone Thus, Robmson found rectal temperatures of 106°F at the end
of 2 three mile race betwcen Gregory Rice and Donald Lash, and so il et
fects (43) Although this is an cxtreme situation, 1t has been clearly demon
strated that even nonathletes engaging 1n exercise have clevated core tem
peratures durnng the excicise, and that such elevation 1s appatently benefiaal
and mas be mandatory for optimal performance

In other words the setting of the body’s ¢ thermostat” located mn the
thermoregulatory centers of the hypothalamus s clevated, with the result
that dissipation of the mereased metabolic heat dunmg eaercise 15 defayed
until the body core has warmed up ” to a level closely related to the exercise
level after this has occurred the usual temperature regulatory mechanisms
operate as alrcady descnbed Normally, thermostatic settimgs range from
98°F (scdentary actvity) to 104°F, although well tramed athletes haie
wider ranges, viz the examples of Rice and Lash noted aboye An um
portant feature of this phenomenon, except for very hot environments, 13
that the increase m body core temperature 15 a funchon of work level, an
occurs regardless of ambrent conditions, unless these conditions become
limtting Tlus was admirably demonstrated by Naelsen (44), who showed
that when men performed at 2 fixed work level withmn the imts of a steady
state, they attained the same level of rectal temperature overa wide range 0
environmental conditions The rectal temperature rose to a peak dusnng the
first hour of excraise, with no significant ncrease thercafter (Fig 17 1)

The forcgomng raises two questions (1) Why does an exercising man
tolerate mereases m body temperature which cause acute distress 3% non
excreising individuals? (2) How does an clevated body temperature enhant®
performance dunng exercise?

There are no clear cut answers to these questions, but scv eral factors P&
vide a basis for speculabion 1t 1s generally recogmized that the symptoms 0
acute heat distress—dizziness, nausea—are the result of decreased cerebral
blood supply, due to madequate cardiovascular function Exposure to heat
without exercise 15 accompanied by a decreased cardiac output (3) and 3
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respiratory alkalosis (43), exther of which can lead to decreased cerebral low
Exercise, on the other hand, gives nse to an mcreased cardiac output and a

tabolic acidosis, with ing enh of cerebral blood flow
It 15 possible that the greater ablhly of exercising men to tolerate increases
mn body temperature 1s more apparent than real, and that the more meammng
ful difference may be 1n abihty to maintain adequate cerebral blood flow

Regardmg queshion 2, sexeral physiological advantages may be inferred as
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Fic 174 Rectal temperature dunng heavy work on the bicycle er
gometer {1260 Kgm /mmin )
H 16°C(61°F) X 11°C(52°F)
36 5 was found dfter the man
. n Niclsen, 44)

a result of elevated body temperatures dunng evercise For example, the rates
of most metabolic reactions are d with the
dissociation of oxyhemoglobin and oxymyoglobin to provuide cvc) gen for the
tissues 1s similarly enhanced In this connection other factors associated wath
exerase also increase the release of oxygen to the tissues, e g, acdosss,
creased production of earbon dioxide High temperatures would imcrease
tates of diffusion of gases and metabolites to and from the tissues across the
mterstittal flid and membrane bamers, and would reduce the visconity of
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the blood and other body fluids All these effects of mereased temperature
can be predicted to improve perfarmance during exercise, although thes
relatsse and total impact have not been adequately assessed  Karposich and
Hale recently raised the question whether general “warm ap” (elevation 1
core temperature) will improve performance m most athletic eveats, since
they found no effect on petformance 1n the gqo5ard tan (33). Others hae
found aither improved pexformance with “warm up” or an increase 1 2
physiological parameter telated to performance, eg, the maumal oxygen
mtake (420,51) Obwviously, more rescarch 15 necessary to clanfy the
‘warm up” 1ssue

HEAT AND EXERCISE

I3

environments Although winter sports would appear, at first glance, to ment
considerabion of cold-eaertise interactions, athletes engaged m such sports
are wsually wammly clothed and not cold The probiem faced by the athlete
m the cold 15 oftc ’
the combination

o clothing leads o ww o . L oL -

formed with muamal clothing (compatible with ;dcquatc protectiot
agamst the cold) to prevent oserhcating, as well as to reduce encumbrance
to bodily motion

‘What are ihfm ymplications to an athlete of performing s sport in 2 het

stress ¢ *
‘When an mdwidual s sbruptly exposed to heat and rematas wachisé
the normal th, gul v 3 heral sasodilatation aad
pery
sweating: dequate to prevent overheatme wn the face of a large €

ficwently great to become meanmngful 1n an mactne man untid many howss

have passed In summary, sedentary actisity 35 well tolerated 1 the heat
If the individual 15 required to enercise moderately, € g, walk at 4 ™ ph
™ ocn

wavage

ness or famtness For cxample, Bass,- et ;l (T;) f(;und puf;e rates as Iigh %
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186 1 men who walked for the first time at 4 mph at 120°F, 18 percent
R H, although the same walk at 77°F resulted in rates of 115-120 Exercise
1 the heat mvolves two stresscs each with a different requirement for blood
flow In an unacchmatized man, the heart cannot meet both demands ade
quately, as a result, to paraphrase a colloquiahsm, somethmg must “give ”
Probably everything “gives’ to a certain extent, but the well inown defense
aganst shoch—famting—usually supervenes to halt what could be a dan
gerous situation In other words, an unacchmatized man trymg to do work
in the heat suffers from mapient cireulatory shock, quahtatnely similar to
what be would suffer 1f he had hemorthaged
In addition to and probably as a result of cardiovascular inadequacy, tem
perature regulahon suffers appreciably, since mpaired blood flow also
means impanted heat transfer from the body core to the shin, hyperthermia
becomes a distmet danger As was ponted out earlier, well motwvated ath
letes who ignore warming signs of dizziness and faintness may actually be
come victims of heat stroke because of this vicious curcle A further comph
cation 15 that the profuse sweat production durmng work m the heat, so
e
L

. B -1
and skin temperatures, lugh pulse rates, dizziness, nausea, etc —~are dramat:
cally reduced by repeated daily exposures to work m the heat This 1s the re
sult of accl, 10n to heat, a ph of great importance to ath
letes Thiss d d m detarl 1n the foll g sechion

ACCLIMATIZATION TO HEAT

When a sudden onset of warm weather occurs, or an athletic event 1s
scheduled for a warm climate, 1t 13 common coacling expenence to observe
an mpaument 1 performance abity Tasks that were eanly performed
cool weather become much more difficult If the warm weather persists, or
the team resides and worhs out mn the wanm climate for several days, petform
ance abihty gradually returns and “ acclimatization” to heat 1s said to have
occurred Seseral physiol 1 changes are d with accl 100
to heat (11,13)

An athlete acclimatized to heat 1s able to work with a lower body tempera
ture, a lower heart rate, and a more stable blood pressure than when not ac
chmatized, smce more precise heat regulation occurs largely as a result of
cardiovascular adjustments and a shght increase in sweat production In
addition, he should perform with a decreased metabolic cost (1€, greater
cfficrency) unless his event requires severe effort Wath regard to the latter,
betterment of cardiovascular function and sweating enable the athlete to
perform more work 1 a given warm chmate and extend the upper range of
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outdoor temperatue and hunmdity than he can talerate in a gnen penod
of time

In general acchmatization to heat may be charactenzed by the following
summary

-

1t begins wath the st cxposure progresses sapidly, and 1s welf developed
n four seven days

1t can be induced by short wtermttent excrcise penods i the heat
eg two-four hours dahy Inactvity n the heat results n but slight ac
chimatization

Subjects m good physical condihon acchimatize morte rapidly and are
capable of more work m the heat Tiptop physical condition daes not
confer automatic acchmatization

The abihts to perform mavwmal wark in the heat 15 attained quickly by
progressively increasing the daily work load Strenucus exerbion of
first exposure may result m disability that wall wapai pesformance for
several days Care should be talen to stay within the capacity of the
athlete unt) acchmatization 1s well adsanced

\cclimatization to severe conditions will facihitate performance at lessef
conditions

The generat pattern of acchimattzation 15 the same for shost, severe €xF
hion as for moderate work of longer duration

Acchmatization to hot dry clunates mereascs performance ahality i hot
wet cimates and vice versa

Inadequate water and salt seplacement can tetard the acclimatization
process {52)

Acchmatization 1o heat 1 well retamed dunng penods of no exposue
for about two weeks thercalter 1t 15 Jost at a rate that vanies awong 3
dinviduals Most people lose a major portion of acclimatization e
months Those who stay m good physical condition retaw ther acch
matization best

1f 1t 15 desirable to retan acchmatizaton, penodic exposares at b owech
mtenvals would be best

»

Y

S

o v

o~

°

3

The physiclogical adaptations undedying heat acchmatization are coms
plex and aot clearly understood Changes m ad teal actvity (o) S

o - ’
cardiovascular function as acchmatization propresses

sonably hot spell oxin a bot chimate, the tcan;ur ndu xf:lunl who has had the
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foresight to become acchimatized to heat suddenly becomes supenor, as a
result the acclimatized hase a disproportionately greater chance of winming
and what the gambler would term “form upsets” result For example, many
people will remember the ‘Sugar” Ray Robinson-Joey Maxim fight of 1952
Robinson was apparently ahead on pomnts unti! the effects of the hot humid
atmosphere began to take therr toll Since Robmnson had been much more
active than Maum dunng the early stages, the greater work load, plus the
heat stress, reduced Robmson to such a helpless state that he was unable to
respond to the bell at the 15th round, and Maxm won by a techmcal
Lnockout

In the 1956 Olympic Games, the marathon was run m humid 85°F anr
It was not surpsing to hear that the race was won by a French Algenan
(Alain Mimoun) who routinely tramed in the heat At the start of the
Olympic Marathon, one of our own marathoners, Dean Thackery, reported
that Enul Zatopek, the famed long distance runner, summanized his chances
n hight of the weather with the resigned statement, ‘ Today we die!”

n December 1956, the outstanding schoolboy football team n Massachu
sctts journeyed to Flonda to play the best schoolboy team in that area Since
the game was a p game, the Massachusetts boys were not heat ac
chimatized The game was played n hurmd 70°F+ air in a large stadium
where the radation load was high and air mavement low The game was
played on even terms until the latter part of the third and the fourth quarter,
then the southern team lterally romped away from the northerners Romps
of this sort accur despate the weather, but the question can legibmately be
ashed how frequently and to what cxtent weather affects the outcome of
athletic events

Although rehable statistics are not avatlable, it appears that weather
frequently benefits the prepared, and seserely handicaps those who are not

WATER AS A SPECIAL ATHLETIC ENVIRONMENT

Swimmung poses a special heat regulation problem sice evaporative
heat loss (excepting water vapor loss via lungs) 15 curtailed and most body
cooling must oceur by consection and conduction

The temperature range of pool water for competitive events 15 not stand
ardized and has been found to vary between 68—go°F This range results
both from “expressed” individual prefercnce on the part of swimmers and
coaches and from limitations 1mposed by water conditioning facihties A
careful myestigation of the mfl of pool water temperature to s g
performance was recently made (1) Optimal performance for the 5o vard
dash was obtamned 1n water at temperatures between 84-94°F whereas an
endurance swim {1500 meter) was best performed m water between 74—
79°F. As the pool water temperature approached that of body temperature,
performance m the 1500-meter event detenorated In this instance, terminal
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rectal temperatures averaged 103 5 when the pool water was 94°F Itis quite
possible that the large volume of blood i the shin necessary for conductne
and convective cooling partially depleted the blood supply asailable to work
ing muscles and performance fell off as a result In the shorter events, m
proved performance n warm water 15 probably associated with an optimal
“core” temperature for peak performance (“warm up”).

If the water 15 near freezmg, 0°C (32°F), mere survival becomes a prob-
Tem because of large convectnve and conductive loss The channel swimmer
who “thnives’ m water near this temperature 15 usually an mdwidual of
rotund body build who possesses a large amount of subcutaneous and total
body fat (supplemented with a thin layer of grease apphed to the body
surface) This type of individual also has a smaller surface area m relation
to body mass than the typical spunt swimmer The well padded channel
swimmer 15 therefore well msulated when cutaneous blood flow 15 dimimshed
n cold water, and can usually finish a swim with httle or no fall 1n rectal
temperature A lean swimmer would probably be hard pressed to sunié
more than an hour or two under conditions such as exist m the Strait of
Juan de Fuca (40-60°F water) unless heat production balanced or nzarly
balanced heat loss throughout the swim Various mvestigators hase been
mterested m body cooling 1 water with the subjects actne and nonactie
(46 14 26), but considerable work still remains to be done m order to clanfy
wdividual differences m heat exchange at different water temperatures

DEHYDRATION, WATER, AND SALT

Important aspects of dehydration will be discussed in the chapter on body
flnds, however, certamn practical information 15 pertinent 1n a chapter ot
heat exchange Dehydration should be considered a potential source of
debilitation 1n any events where considerabl body sweat 15 Jaborated Foot
ball and basketball players may lose from 37 percent of their body % aght
dunng the course of a contest In this situation, a larger proportionate loss 15
sustained by the plasma solume than by other compartments of body fud
(2) Because of this uncqual loss airculation to workmg muscle and to the
shin s curtailed, which m turn lcads to detenoration m performance It
would seem wise, in the absence of contradictory information, to replace
body fimd losses at least to the cxtent of limting dehydration to no more
than 2-3 percent of body w eight (37)

Salt 15 lost 1n relatnvely large amounts n sweat, hence, the ndwidual dally
requirement may be mcreased by s-10 grams under condihions where large
amounts of sweat are lost per day Usually an extra requirement can be met
by a few hearty shakes of salt with each meal The use of enteric coated salt
tablets will serve the same purpose, but cases of gastmmtestmal upset fic
quently occur, because concentrated salt nmtates the mucosa lining of the
gastromtestinal tract Cachets or salt containing dough balls (unIz:a\CﬂCd
bread) have been used with some success for expenmental purposes Salt
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solutions of 0 1-0 2 percent concentration may also be used Certam athletes
prefer to use bowllon (Oxo) preparations Although any of the above will
provide the necessary entra salt, 1t 15 the expenence of most mvestigators that
there 15 no better method of obtaiming salt than by merely salting one’s food
Tiberally

INDIVIDUAL DIFFERENCES

A certain number of indviduals can be labeled as heat intolerant In terms
of heat acchmatization, this means that these people will not readily accht
matize to heat or will only partially acchimatize after numerous exposures
Malfunction of the sweating mechanism or thermoregulatory centers 15 usu
ally associated with heat intolerance Fortunately, the number of people who
are heat mtolerant 15 only of the order of 1 percent (57) Of the normal’
99 percent, a considerable range i tolerance exists which 15 dependent on
physical conditioning body size, build, and composition

Buno (36) has imeshigated racial differences and place of burth m refation
to the number of functioning sweat glands per umt surface area He con
cludes from his imited data that the person exposed to hot conditions at an
early age, irrespective of race, develops more sweat glands and 15 therefore
more capable of withstanding heat later in hfe This obsersation should be
corroborated by studies conducted on a larger scale, because it does have 1m
portant implications i terms of work performance 1n the heat

The large, fat man 1s at a distinct disadvantage 1 the heat, but has some
advantage n the cold (6,7,39) The large, fat man has a smaller surface
area for the evaporation of sweat per umt mass of heat producing tissue than
Tus thin counterpart (48) and also possesses more 1nsulation (subcutaneous
fat) as a barrier to condnctne heat transfer Thus the fatter the man the
lower hus resistance to heat stress We have already indicated that channel
swimmers tend to be large and somewhat obese mdriduals Pugh et af
{46) recently examined the rate of cooling of men immersed i water, and
found that the major proportion of mtermdividual diff ppeared to
be related to the thickness of subcutancous fat Sumilar findings hase been
reported for men exposed to cold air {42) Mean shin temperatere drops
more rapidly 1n the fat man on exposure to cold and remams at a lower Jevel,
while rectal temperature remaimns at a hugher level m the fat than mn the thin
man This means that when blood flow through the skin 1s reduced, pentph
cral nsulation 15 greater 1 the fat than mn the thin man Thus the typical
channel swimmer loses less heat to the cold water and consequently can
mamtain heat balance at a low cr metabolic rate than the thin man

CLOTHING AND EQUIPMENT

Clothing 15 a necessity 1 the cold for the macti ¢ man, because of obsious
msulation requirements An athlete engaged n @ strenuous winter sport
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such as cross country shung needs httle clothing, because of his ugh heat
production In the heat, clothing fulfills different functions, 1t provides pro-
tection against radiant and convective heat gan from the environment, but
acts as a partial vapor barner and may, depending on design, matenal, char
actenstics and fit, change the effectns e surface for evaporatne cooling Gen
erally, the higher the vapor pressure the less clothing should be worn Cloth
mg that pernuts considerable ventilation and 15 vapor permeable would
appear to be desirable

Clothing worn dunng athletic contests staged n warm weather may reflect
tradition or current fashion and contnbute no more than added eacum
brance Recent trends toward functional sport clothing are commendable,

comfort has been the entenon for this devclopment

Specialized equipment, such as that wom n football, has not been de
signed with heat stress in mind Many of the items of football armor, 1¢,
shoulder pads nb pads lup pads ctc cover arcas of the body where con
siderable cvaporatine heat loss normally occurs Since these items are rela
tnely vapor impermeable they impose a formidable barner for cvaporatne
cooling  Ihis barner 15 supplemented by helmet, jerseys, pants stockings
shocs and other items In addition these stems promote a lugher Jevel of
metabolic activity, because therr weight adds to the players work load Itis
not surpnsing that football players may lose from s-15 pounds of body
weight dunng the course of a game played on a warm day

Over the years scveral mproiements 1n football gear have been made
from the standpomt of improved performance m the heat, certam items of
equipment have been Iightened and the body surface arca covered by cloth
g has been reduced (slecveless jerseys) Usc of fabncs which are more
permeable to water vapor would be another step forward

HLAT STRLSS INDICES

The phystcal components of heat stress have been cxamined extensively bY
physicists physiologusts and psychologists, and in many mstances the magn!
tude of the environmental heat load n terms of expected ph}sm]uglcﬂl
strain can be determined Thus far two approaches have been taken 1
formulating a  heat stram ndex (1) on the basis of the environment
alone and (2) on the basis of the man environment mteraction

In athletics it 15 more desirable to talk about the latter, since the metabolic
rate m most compehitive athletics 15 high and thercfore a major consideration
m any heat stress index The efforts of McArdle, ef ol (41), Beldng a0
Hn:lch (15), BlocMey, et al (16), and Lee (40) are noteworthy mn this ¥
gare

In 1947, McArdle, et al (41) formulated a Sweat Rate Index which has
been used mamly by British physiologists, who have demonstrated 1S
supcrionty to presious indices over a wide range of heat stresses In essenc®
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this index 15 a prediction of sweat rate from ambient weather formation
plus the metabolic rate of the man It has been found that predicted four
hour sweat rate (P4SR) agrees well with actual sweat rate at least under
Taboratory conditions Although this index was formulated from emprncal
data, 1t does have the advantage of mdicating stress m physiological terms,
but has the disadvantage in that 1t apphes only to work loads that are much
less than those expenenced 1n most competitne athletics

Recently, attempts hase been made to predict phystological heat load of
the working man 1n a gnen environment from theoretical considerations
Woodcock (56) devised a theoretical model based on physical Jaws, which

ated

nge

. =« eww - the
TasLe 17 3 Approxmate Limiting Conditions for a Well
Conditioned, Heat Acchmatized Athlete Performmg One

Hour of Sustamned Running
DB WB RH \'24
{Dry Bulb) {Wet Bulb) (Relatne Humidity)(Vapor Pressure)
¥ SF Yo mm Hg

82 82 100 27
83 80 76 25
90 77 55 20
92 73 37 15
96 69 25 11

environment except radiation, and include the effect of metabolism Belding
and Hatch (15) have produced a nomogram for securng a Heat Stran In
dex (HST) Radiation, as measured by a black globe thermometer, 15 m
cluded 1n this index Blockley, et al (16) have undertaken the most com
prehensive analyss of heat stress and have termed it a biothermal andl)sis
system Their data m terms of time tolerance cunes may become extremely
useful Although these theones require the expenmental vahdation which 1s
custently m progress, they represent an rmportant avenue of approach to the
heat stress problem The ongwal sourccs should be consulted for a fusther
discussion of these indices

Although the vanous mdices differ m approach, they tend to gne sumilar
angwers to the question, How long can a man work at a given rate m a
guven ensironment?

Table 173 has been prepared as a tough gude for heat tolerance n
composite form from the mdices referred to above These hunits should be
regarded as app: 10ns for a well cond d, heat scchmatized runner
The runner 1s working at a rate of 1080 keal /hr at a work cfhiciency of 15
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percent for one hour Radubon 1s assumed acghgible and the effective air
mosement s tom p It Clothing conssts of shorts and track, shoes

The approsmmate hnuts sted would be altcred by mdwidual differences s
conditsonug trammg for the event acchmatization to heat, body busld and
body composition Changes 1 ur mevement effectne radishon, clothing
ete would also alter the estimated limts of tolerance

Table 1~ 3 crphasizes the important role of the absolute hunndify m
huting petformance M hen the vapor pressure of the ensironment 15 ¢lose
to that of the shin (4% m Hg ) craporatne heat loss 1s drastically custailed
unless air movemnent 1s exceptionath high Thus wet bulb temperature as 8
single paameter mas be particularly wdieats ¢ of the thermal strain muposed
by the environment provsding the radiant load 1s low Wet bulbs over 70°F
should be viewed as close to the tolerance lomt for a competitne athlete
event involving severe work W ¢t bulbs of 80-82°F will sndicate tolerante
Tt for most athiletsc actssities with the passible evceptson of the relatiely
mactive sports such as baschall

WEATHER INFORMATION

W8 cather data are accomulated daihy thioughout the United States and it
1 easy to obtamn  probable mnformation for a certan locale Coaches com
waonk tely on thar own weather cxperience 1 a given area and pay it

BordonJ00F 1
Wea he Bureas Sto sons.
Farod 899 923

o LA
gan
N ERow

i 375 Average July wet bulb % the Umted States
(From Visher 53) July ulb tempesatures (°F) m the
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attention to weather nformation which 15 much more comprehensne :
consequently a better gmde for athletic planmng Guidance may not be
mmportant for acchmatized indiyiduals residing 1 a hot area and who ¢
Moy abse vetlons on vhe beif heue 310 7 ap iy Pinically know how to  pa
themselses, but 1t 15 essential
net pl g competitive trps for {
2
Day 1 unacchmatized and  umnibiat
Y Lxamples of the type of guidar
Wind that 1s available are gnen below
Weather expenence (Dry Bu
and Wet Bulb) for July m
United States for the penod 161t
1938 15 shown mn Fig i7sand Bt
176 (53,23) In terms of hmitir
conditions (Table 173) one
see that sports which require 1¢
atnely high levels of encrgy &
penditure for prolonged penod
should probably not be scheduler
for unacchmatized men dunng th
heat of the day i areas south o
the 70°F Wet Bulb sobar (Iig
175) These plots show averagt
salues and do not show the fre
Hours quency of occurrence of days dur
mng July with wet bulb over go°F
Knowledge about the most seicre
condrtions that may be encoun
tered would also be of value This
mformation 1s also avarlable from
the United States Weather Bu
Tcau
Tortunatcly common  sense

xouRs

0600 1860 0400 1800 0500 1800

Comeun s e
Phystcal actaty 15 usually gauged
to the environment and athleti¢
contests are ordnanly scheduled
for the cvening hours Considerable benefit may be gained by cvemng sched
uling as shown Fig 177, which depicts dwrnal vanation 1n summer
weather 1t Yuma, Anzona The exuberant, unacclimatized outsider fre
quently pays by way of poor performance or heat disability unless he 15 com
petently advised

Fi¢ 177 Three days of summer
weather at Yuma test Station  Anzong
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DEFINITIONS

Rapnamion  Exchange of heat between objects 1t depends solely on the surface
temperature and the charactenstics of the surface

Covouction  Transfer of heat between objects 1 physical contact

Convecrion  Exchange of heat between an object and the streamng currents
of gas or liquid flowing past the object

Evarorative Hear
the vapor state (1

METaBoLIC RaTE
actions It 15 usually
(Indurect calonmetry)

Kirocran Cavorie (heal )  The amount of heat required to raise the tempera
ture of 1 hilogram of water from 15 to 16°C

Dry Buws (DB} Temperature recorded by an ordinary mercury in glass ther
mometer whose bulb is Kept dry

Wer Burs (WB) Temperature recorded by a simlar thermometer with a
wet wick over the bulb exposed to a current of air moving at least 1000 feet/
minute When DB = W B, the air 15 said to be saturated and the relatne
humidity equals 100 percent

Assorute Hunsorry  The concentration of water vapor m air

Revative Homiorry  The ratio, expressed as percent, of the amount of water
vapor in the air to the amount that the air could hold at the same temperature
if saturated times 100

Bopy “Core ”  The central portion of the body which, for purposes of assessing
heat exchange, 15 assumed to be at a constant temperature Rectal temperature
15 usually taken as a measure of “core’ temperature

Nenlated mdirect]

from the 3 of oxygen
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attention to weather mformation which 1s much more comprchensie :
consequently a better gurde for athletic planmng Guidance may not be
important for acchimatized 1ndnviduals residing 1n a hot arca and who ¢
ety taeatons b bt hse 310 5 g PG Anow how fo *pa
themselves, but 1t 15 essential

ner planmng compehitne tnps for t
Day 1 unacchmatized and umnitiat

Lxamples of the type of gudan

Wind

that 15 available are given below

Weather expenence (Dry Bu
0800

and Wet Bulb) for July i t|
United States for the penod 1918
193815 shownin Fig 175and 1
176 (53 23) In terms of lmtir
1800 _0c00 conditions (Table 173) one ca
see that sports which requice 1e
atnely lugh levels of energy ©
penditure for prolonged penod
should probably not be schedules
for unacchmatized men dunng th
heat of the day in areas south ©
the 70°F Wet Bulb 1sobar (Fig
175) ‘These plots show averagt
values and do not show the fre
HouRS quency of occurrence of days duu!
g July with wet bulb over go°F

Knowledge about the most sevct
0500 1800 (0400 yago g
R L conchtions that may be encoun

[T
" tered would also be of value Ths
se pereaat information 15 also available from
the United States Weather Bu

Tcau
Fortunately common scns¢

Hours ui ae ibaluu [P :ﬁ, gged
FIC 177 Three duys Physical actiity 1s usu .
weather at Yuma test s{aho‘?{ zs\':xlg:;i, to the emvironment and nkgiﬂlsd
contests are ordmarly sche i
for the evening hours Considerable benefit may be gamed by cyeming 5 ecr
uling as shown 1n Tig 177, which depicts durnal varation m sumx;]o
weather 1n Yuma, Anzona The exuberant, unacchimatized outsider
quently pays by way of poor perfarmance or heat disability unless he 15 €™
petently advised
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DEFINITIONS
Ravratiov. Enchange of heat between objects It depends solely on the surface
and the ck of the surface

Conpucrion  Transfer of heat between objects m physical contact

Cowvecrion  Exchange of hicat between an object and the streaming currents
of gas or hquid flowing past the object

Evarorative Heat Loss  Heat necessary to change water from the hqud to
the vapor state (1 gm H.O requures o 58 keal at 33°C)

Merasoric Rate  Heat praduced within the body assocrated with chemucal re
actions 1t 15 usually caleulated mdirectly from the consumption of oxygen
(Indrect calonmetry)

Kirocrant Carorie (heal ) The amount of heat required to raise the tempera
ture of 1 Milogram of water from 15 to 16°

Dry Buws (DB) Temperature recorded by an ordman mercury m glass ther
mometer whose bulb 15 hept dry

Wer Bues (WB) Temperature recorded by a similar thermometer with a
wet wich over the bulb exposed to a current of air meving at least 1coo feet/
minute When DB =W B, the air 15 smd to be saturated and the relatne
bunudity cquals 100 percent

AnsoLute Husmpiry  The concentration of water vapor m air

Reranive Humorry  The ratio, eapressed as pereent, of the amount of water
vapor 1n the air to the amount that the air ¢ould hold at the same temperature
if saturated times 100

Bopy “Core” The central portion of the body which, for purposes of assesang
heat exchange, 1s assumed to be at a constant temperature Rectal temperature
15 usually taken as a measure of “core” temperature
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Work Capaaty at Altitude

SUMMARY

The problem of dltcrations mn physical performance or work capacity at
higher altitudes normally will not be recogmzed unless preparations become
necessary for sportive events at locations situated well above sealevel, or
unless recreatne or compchine actpaties such as chmbing or sknng are
planned in hagh mountamous areas

In ascending to fugher altitudes the decrease n total barometnc pressure
results i a decrcase of the partual oxygen pressure The latter mamly deter

culatory and resp daptat are normally hed upon to a
maxtmal extent, this madcqudte oxygen supply must result m a reduction of
working capacity Thus, tmpairment of physical performance was found
measurably reduced at altitudes of 10,000 feet and more

tamn xlupes at altztudcs which are fatal to normal imdiduals even during rest
The following chapter presents results of recent studies on human work
capacity before, during and after altitude acclumatization and discusses some
of the physiological aspects imolved
Finally, some implications of altitude for athletic competition are made
(1) Athletic competition at higher altstudes Performance 1 ohing sudden
339
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bursts of muscular strength or speed, such as sprnts, wlich are accomplished
anaerobucally will not be affected bv Iugher altitudes, however complete 1e
covery requiring repayment of the oxygen debt, will take longer at dltitude
than at sed level Performance extending over a period of more than about
one munute 15 affected by higher altitudes unless an adequate period of d
climatization has been undergone Soon after arrnal at higher altitude,
changes occurnng m the blood will serously interfere with performance,
and 1t 15 therefore desirable to perform as soon as possible after reaching d
titude of an adequate acclimatization penod 1s not pernutted (2) Effects of
physical traming at altitude Altitude geclmatization and physical traming
at altitude brng about physwlogical changes which should mmprove en
durance performance—as for example, i the mile run

The attempts to chmb the hughcst mountains on carth, the contact witfh
the mhab of hugh regions, and the devclopment of avia
tion have ntroduced new problems i physiology Altitude physiology 2 4
new branch of science contnbutes m many ways to the knowledge of the
adaptabilitics and the hmitations of human hfe

Probably for the first bme n history the deadly lack of oxjgen the up
per atmosphere was realized m 1875 m France when a free balloon with 3
crew members on board the gondola reached a maximal altitude of approv
mately 28,000 fect Only onc of the acronauts, Gaston Tissanduer, sunned
this episode He also had been unconscious for an unknown length of
tume (2)

On the other hand there are several men who 1 the Himalayan Moua
tamns cimbed to altitudes above 28,000 feet without the use of oxygen eqP
ment and retumed alne Nothing could better demonstrate the enormo
::;Facxty of the human orgamism for adaptations to ‘abnormal * Iving o8

1hions

Systematic studics of the effects of altitude and alhitude acchmatizabon 0

)

mcreasing interest 1 aviation medicine a great deal of expenmental work
was transferred from the rugged mountam slopes of the Alps (6,8 the
Rocky Mountamns (3), and of the Andes (1) mto the more readily accessible
low pressure chamber There the problem of hypona, or reduced 0v}E¢t
tension was thoroughly studied, proper oxygen equipment was develope!
and tested and the hmitations of man for high altitudes were established It
was found that people normally Inmng close to sea level become ¢ntically
hypoxic at an average altitude of 25 000 fect By sufficient length of acch
matization to low baromctne pressures an alttude of 33 coo feet €30 be
tolerated fora few minutes before becoming unconscious
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The physiological manifestations of the acclimatization process are mam
fold and mclude changes 1n respiration, 1 circulation, 1 blood character
1stics, 1n the brochemustry of the tissue flurds and cells, ete The most remark
able evidence of the effects of natural acchmahzahon must be seen 1 the
capactty for strenuous physical work at hugh altitude E F Norton, a mem
ber of the Bntish Mt Everest expedihion m 1924, chmbing without the
benefit of oxygen equipment, reached an altitude of 28,126 feet He only
turned back because the remammg daylight did not permut clhimbing the last
800 or goo feet and then returning 1n safety Although he confessed having
been near the end of hus powers, he still believed that “the atmosphenc con
ditions between 28,000 and 29,000 feet would not prevent a fresh and fit
party from reaching the top of Mt Eierest (zg,000 feet} without
oxygen” (7)

There s, of course, a sigmficant reduction of work capacity at hagher alh
tudes, compared to an individual s work capacity near sea level This reduc
tion 1s measurable already at an altitude of 10,000 feet Work tolerance at
14,000 feet 1s apprommately 75 percent of normal performance One
could assume that people who are Inmng permanentls 1n high mountamous
regons and have become “normal 1n every respect of hfe should have re
gamned what we may call a normal lesel of work capacity According to
Hurtado, who directs the Andean Institute of Biology in Lima, Peru, the
physical performance of natie residents at Morococha (14,800 feet) not
only equaled but surpassed that of comparable subjects tested near sea level
(4) In runmng on a treadmull at the same speed and grade to eshaustion
the natnes m the high altitude laboratory were able to tolerate work for a
longer period of time And this was done, as Hurtado found, with less
ovygen consumption and with an only shightly increased pulmonary tentila
tion From these findings the conclusion was drawn that working efficiency
of the altitude residents 1s hugher than of the sca level subjects

These fascnating results are not duplicated if one studies the work capac
1ty of man after temporary acchimatization to high altitude In recent expen
mental mvestigations six mdniduals wese tested for work tolerance after
they had been acchmatized for a penod of 6 “ecl:s to‘an nlml:de o‘f 14,160

feet ** “iza
tion clls
and ood

pressure to n;xmal values Table 181 presents some of the maximal func
honal data at the terminahon pownt of a standard test procedure on a tread
mill or bicycle ergometer at sea level and at the albtude of 14,160 fect
after the acchimatization period In the nght hand column of this table are
shown the normal values of the functional response to the work Toad being
terminal 1@ the alhtude expenments In all nstances the tests were camed
aut to the same pomnt of subjectne as well as objectine limitations of cardio
vascular and/or respiratory nature
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The data suggest that the lmiting factor of work at altitude must be scen
m the engagement of the maximal breathing capacity at a lower work load
level Circulatory and biochemical functions are, at this pomt, still below
their normal maumum

‘Table 182 d rates how the pul ry ventilation would have to
increase for vanous grades of energy metabolism at vanous altitudes It can
casily be seen that at very hugh altitudes even * moderate’ work with an

Taste 181  Functional Data of Work Capaaty Tests
at Sea Level and at Altitude®

At
At 14000 A
Sea Lesel Feet Sea Lerel
Work mntensity in mhg /min 1500 1130 1130
Oxygen mtale 1 ml /mm 3500 2700 2700
Pulse rate per min 186 163 156
Systolic pressure i mm Hg 183 178 173
Diastohc pressure i mm Hg [3:] 82 67
Ventilation (BTPS) m 1 /mim 110 132 70
Blood lactic acid 1n mg /100 ml 100 71 10
Oxygen carrying capacity 1 vol % 204 235 04

:l\lean values of six subjects tested
Normal functional response to the work wtensity beng maximal at alatude

g or, with the same respiratory effort a larger volume of air will pass the
lungs (3) Physical actvity with the mercased demand for breathimg at
altitude mvolves a very effective traming of the respiatory muscles an

results 1n a greater maymal breathing capacity dunng work While at sc2
level the usually observed maxunal values of ventilation amount to approv
mately 120 liters per minute (BTPS), valucs of 160 to 180 htcxs/mmuff;’

less normal breathing capacity dunng work was re-established aftes several
weehs of Inang close to sea level
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The prolonged effect of altitude trammg upon the capacity for breathing
is onc of the factors contubuting to the very interesting observation that
physical performance 1s mncreased after return from altitude to normal
atmosphenc conditions, compared with the ongmal controls This improve
ment lasts for a fow days, slowly diminishes, and 15 as good as lost after
about eight weeks Table 183, by presenting respiratory and circulatory
maxima obtained during performance tests of two well tramed mduviduals,
demonstrates the changes i functional adaptability resulting from acel:
mahzationtoand de chimatization  from altitude

The expeditions to the highest peaks of the Himalayan and Andean
Mountains have shown that the physical performance of the natue porters,
chronically acchmatized to hugh altitude, was not supenor to that of the
mountamecrs who were acchmatized for only a relatinely short penod of
time Recently, m addition to the Mt Evans studies, comparatne mvest
gations of work capacity were made at Morococha (1.4,800 fect) m Peru on
chronically acchimatized Indian naties and more acutely acchmatized new
comers The results are presented m the followmng (1) There was no
marked difference 1n the actual work capacity of both groups (2) The
oxygen intake for the same work intensity, measured dunng treadmill work,
was 1 both groups identical relative to therr mean body wesghts (3) Al
though no distinctive difference m pulse frequency was obsenved, the pulse
pressute of the natives was lower throughout (.4) The pulmonary sentila
tion of the natnes followcd almost the pattern observed 1 work capacity
tests of wndviduals tested under normal atmosphenc conditions and
;lmo]lmtcd to only half the ventilation of the newcomers at cach vork load

evel

These results suggest that the efficiency for physical work, in gencral; 1
1dentical 1 temporanly and ch lly acclimatized man The latter, how
cver, displays a trend toward a better working economy where saving of
cnergy 15 possible—namely in the work mvolied in pulmonary ventilation

That 15 accomplished by a Tugher extraction of oxygen from the nspired it
and by returning a hisher nerrentann né antn 4 2 W aowred T

fore appear to be less sensitive to the appropnate st;mu]l than the respuatory
centers of the temporanily acclimatized individual ‘This change of sensitraty
becomes more pronounced in the so called * Sorache” or “chronic moun
tam sickness” which ily occurs as an at 1 o1 ercompensation
of the adaptive mechanisms to chronic hypoxia Under the condstions of this
disease a hyporventilation develops Neither increased oxygen lack nor 10
creased carbon dioude tensions are able to stimulate ventilation substan
tlly. Natnves displaying the symptoms of chronic mountan sichness ar€
able to hold their breath for a suprisingly long period of time
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The effects of physical training, stressmg masimal adaptations of ciren
latory and respiratory functions, are to a certain extent comparable to those
of altitude acchimatization In both cases the organism s stusing for econ
omy* the ventilation equnalent for ovygen (pulmonary sentilation n
I/mn per 1000 ml of oxygen taken up) becomes reduced If the same
amount of oxygen has to be supplied with a reduced respiratory volume 1t
can be achieved only by a higher oxygen extraction rate of the inspired air
Also, dunng physical traimng as well as dunng altitude acclimatization a
relative bradycardra develops That means that for any given metabolic
rate more oxygen 1s supplied to the working tissue with one pulse beat The
mcrease of this so-called “oxygen pulse” can be effected by two factors e1
ther by an augmentation of the stroke volume of the heart or by an m
creased oxygen extraction from the blood, resulting 1n a higher arteriovenous
difference of oxygen 1n the blood It 15 still unknown which of the two fac
tors might become more effectne because tesearch 1n this field 1s suffermg
under the lack of methods to measure adequately and routinely the cardiac
output duning severe work and the distribution of blood to the vanous or
gans

There 15 an important difference 1n the adaptive state of the blood at a
given altitude between chromically and temporanly acchmatized man In
the natives, permanently living at high altitude, red blood cells and hemo-
globm are increased to such an extent that the low oxygen saturation of the
blood at this altitude 15 completely compensated for, the blood carrying now
as much oxygen as in normal mdividuals under sea level conditions Such a
complete acchimatization of the blood 1s rarely aclieved by “newcomers”
and 1s a matter of many years It was shown, however, by Luft (5) 1n obser
vations on chmbers 1n the Himalayan Mountains, that the sea Ievel values of
oxyhemoglobin were reganed for any gnen altitude when the chmbers
had spent several days at altitudes approximately 3000 to sooo feet lugher
Thus complete adaptation of the blood was obtained for an altitude of
10,000 fect after approxmmately z weeks at 13,500 fect, for 14,000 feet after
further 2 to 3 weeks at 19,000 feet, for 17,000 feet after 3 to 4 more weeks at
22,000 feet, and, finally, to 19,000 feet after a further stay of 2 weeks at an
aliitude of 22,000 feet At the peak of acchmatization the aserage values of
five mountaneers for their blood were approwumately 8 mllions of red
blood cells per unit and 24 5 g percent of hemoglobm (compared to nor-
mals of 5 millions and 16 g percent respectnely) Therefore the ovyhemo
globin at 19,000 to 20,000 fect of altitude, or at about 65 percent of ovygen
saturahion of the blood, amounted to apprommately 21 5 Vol percent or
9 5 mMol/1 —a normal sealevel value In ths state of alhitude acchimatiza
tion physical work capacity was considered “normal” by the mdniduals at
altitudes of 14,000 to 17,000 feet Systematic studies of work capacity at
lower levels of altitude after acchmatization to higher altitude have not been
made, however It would certainly be of interest to know the highest level
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of alitude at which work capacity could become “normal” after mavumal
phystological acchimatization to altitude 1s achier ed

ALTITUDL IN RELATION TO ATHLETIC COMPETITION

It might be of some mnterest to consider the mplications on performance
denving from athletic competitions at igher altitudes, or the imphcations
of a physical traming at higher altitudes upon the performance capacity
after return to sea Ievel

Amerric Conpemimion AT Hicner ALTITUDES

Any tvpe of work calling for sudden bursts of muscular strength or specd,
meluding sprints over 100 to 220 yards or of course all technical events of
still shorter duration of time, will not be affected by the lowcred atmosphenc
oxygen pressure These types of actvities do not require optimal airculatory
and respitatory adaptations and are usually performed “anacrobically” by
utilizing the indiidual’s capacity for incurnng ovygen debts Smee the 0y
gen debt has to be repad duning a rccovery phase, the respuratory and o
culatory efforts during the recovery phase will be intensified at altitude
Complete recorery from even short * bouts” of physical activity will require
alonger period of tume than at sea leyel

All actwittes which consist of intermuttent or extended bursts of muscular
efforts over penods longer than about one minute are affected by higher al
titudes because of the compensatory demands on the circulatory and respit
atory functions An adequate perod of acclimatization to altitude would be-
come necessary to restore the “normal” performance capacity. As a rule of
thumb, a minimal time of one weel. 1s required for acchimatizing to an 1
crease of altitude m the order of 3000 feet If an adequate time for the tram
ng at altitude 15 not permissible, the stay at altitude before the compehitne
event should be made as short as possible Soon after the armal at higher
altitude the blood will undergo acid base changes which will senously ter
fere with maximal performance

Errects oF Prysicar Tramne AT ArTiTuDE

Altitude acchimatization, enhanced by physical traming at altitude, results
n an increase of hemoglobin and 1n an augmentation of the total Dlood
volume, 1n 1mproved manimal breathing ¢capacity, and possibly i imcreased
vasculanzation of lung and muscle tissue Performance capacity therefore
should improve beyond the point which can be achieved by traimng under
normal atmosphene pressure After an adequate traning at altitudes be-
bween 7000 to 10,000 fect an athlete should be able to run the mile i Iess
than 4 minutes 1f he had come very close to the 4 minute mle by the prev
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Medicine and Science tn Sport Diving

SUMMARY

Duning with or without sclf contamed underater bresthmg appamiusl
(scuba) has become a popular sport and desenes medieal and ph)szologm
recogrition for this reason as well as for its important mulitary, comunereid,
and scientific apphcations

Dnng 15 umque among popular forms of recreation m that it 1s pursued
wn an alten emronment undervater, where a man must be supphcd with
something to breathe if he is to remamn down more than da few nunutes and
where the dircet and indirect effects of mcredsed pressure can have seraus
effects These are not sufficient to render dning a prolnbxlnel) dangerous
(et 0 Bet tharnr ab wnderctandma of the hossihle dangers and ,;dequl'e

n the means of handling them If they are not thoroughly understaod v
the standpiomts of avoidance, recognition, and handlng, the effects of prés
sure can Iikewise have disasirous effects

By tself doing s probably not a very effectn e means of gamng oF mant
taming a Jugh degree of general physical fitness Individuals who plast f;
undertake 1t must not only be m sound condition from the medical ston
powt but should hare ble strength and endi Emottonal s
Bility and a fair degree of “watermanshup” are also among the pmcqum“ls

The metabolic and respiratory aspects of dng have recened 1cla¢uclY
ttle study Although the most important factors are now reasonably “s
understood, a number of interesting differences from otherwise simlar f”g
of exertion have been discovered and offer a challenging feld for fusther
study the

The future of dnung should offer considerably greater penctration of ’
underwater world—both in terms of depth and of fime and worlang abikt)

348
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underwater—than 15 possible at the present time Realizing the ultimate
potentialities will require a considerable amount of work, not only m the
development of better diing apparatus but also m improving our under
standing of the needs and hmutations of the dner humself Such understand
mg 1 indeed necessary before very great advances m equipment and tech
muques will become possible

INTRODUCTION

One of the most important recent deyelopments m daving 15 its growing
ot b ~ L
H I Lt

r srag o Bhuut ssputiand ule sasys S, & as i o ap
plications but have also opened 1t to the average man as a fascinating and
practical sport A phenomenal mcrease in the number of persons involved
1n diving has resulted

Many of the thousands of people who have talen up spear fishing, un
derwater photography and Iike pursuits confine themselves to “skin diving”
with simple masks and fins Their time underwater 15 limited by their breath
holding ability, and their activity can be viewed largely as an extension of
swimmung However, other thousands hase equipped themselves with self
contamed underwater breathing apparatus (often abbreviated to scuba)
and have become dwvers in the true sense of the word As such, they can ex
pose themselses to a range of depths and times once accessible only to
trained navy dwers and other professionals The fact that they are free from
the hifelne and air hose of the conscentional drver has not gnen them m
muity to any of the basic hazards of diving Freedom from surface connec
tions has actually complicated some of the problems Among other things, it
makes the “scuba” dner vulnerable to the famthar mishaps of swimming
The fact that most of the equipment 1s simple enough to be put on and used
with Little or no traming has encouraged enthusiasts to beheve that there 1s
Little or nothing to learn about dning As a tesult, many have ignored the
potential dangers and neglected the simplest of safety

Gowg underwater confronts man with forces and physiological effects not
encountered 1 his normal environment These impose defimte hmits and
can gie nse to senous acadents The diser's safety depends wpon his fa
mlianty with these factors and hus willingness to respect them

PHYSICAL LAWS INVOLVED IN SKIN DIVING

An understanding of the diffienltics encountered by the diver 15 best
gamed by reviewing briefly a few basic laws of physics

1 A ble, water 1s mcomp bl

Thus law can be quckly visuahized by refernng to the schematic drawings
m Fig 191 In B, a weight has been added to the cylinder on the left
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which contams water This compresses the air i the submerged balloon but
not the water, which retams its onginal volume In C an identical weght
has been added to the cyhnder contaming air This weight adds to the com
pression of the air However, the balloon returns to its former size because
the pressurce inside the balloon has been cqualized with that of the pressure
of the water on the outside

waArzR x&
oo 1008

A BALLOON SUSMERGED IN WATIR CON b T o
E ADDITION OF A WEIGHT TO TH!
NECTED WITH A CYLINDER CONTAIN NG CYLINDER CONTAINING WATER COM
AIR THE YOLUME OF AIR IN TH(S PRESSES THE AIR WITH N THE BALLOON
BALLOON WILL VARY INVERSELY wiTH THIS HAPPENS IN THE LUNGS DUR NG
THE WATER PRESSURE PLACED UPON IT DESCENT UNLESS COMPENSATED BY

NCREASING PRESSURE OF SUPPLIED AR

watex .
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Adapting this to the human diver, 1t 15 apparent that pressure within the
air-contaming cavities of the body must be raised so as to equal that of the
surrounding water If the air pressure within the lungs, the paranasal simuses,
the middle ears, or even the minute air pockets that may be present beneath
faulty dental fillings or inlays 1s not equalized with that of the surrounding
water, a relatne vacuum will eust Of course the lungs, like the balloon m
Tig 191, can collapse to a considerable extent without causing difficulty,
until the reduced volume of the contaned air 1s under the same pressure as
the surrounding water Howeser, the sinuses and middle ears are surrounded
by ngid walls If pressure cannot be equalized sufficiently by passage of air
through the patent ostiz, nature will attempt to distost the surrounding
structures or fifl the sacunm with transudate or bloed, much to the discom
fort of the diver

From all this, 1t can be seen that (1) the greater the depth attained, the
greater the pressure of air that must be supplied the dner, and (2) the oshia
of the sinuses and eustachan tubes must be patent if difficultv 15 to be
avorded

2 The volume of a gas sarics imersely with the pressure placed upon it
(Boyle’s Law)}

As we descend into the sea, the pressure increases at the rate of o445
pounds per square mch with every foot of descent (assumuing a uniform
speaific gravity of sea water of 1 025) Thus an additional pressure of one
pound per square mch 15 placed upon the diser for about every two feet of
descent At 33 feet, he has added one atmosphere, or doubled the pressure
exerted upon him at the surface

Gomng back agam to the expenment 1n Fig 191, 1if the pressure sithin
the balloon (as controlled by the pressure exerted on the aircontaming
cylinder) remains unchanged, the volume of air i the balloon will vary
versely with the pressure of the water surrounding it In D, the removal of
pressure upon the water results in an ncrease 1n the size of the balloon

Translated to conditions encountered mn diving, a lung half mflated at a
depth of 33 feet will be fully nflated at the surface A lung fully inflated
below the surface may rupture if the dwer comes up without exhaling

3 In g muture of gases, the parhal pressure of each compaonent depends
upon the proportionate number of molecules present (Dalton’s Law)

Aur 1s composed of approsimately 21 percent oxygen and 79 percent mtro-
gen Normal phene pressure 1 dered as being 147 pounds per
square mch (760 mm Hg ) Therefore at the surface the partial pressure of
mitrogen 15 79 percent of 147, or 13 6 pounds per square wmch The parhal
pressure of oxygen 15 21 percent of 147, or 31 pounds per square inch

With increasing depth the partial pressure of each of these gases increases
proporhonately At 125 fect, the partial pressure of oxygen 18 increased from

the 31 pounds per square wch found at the surface to 147 pounds per
square mch (21 percent of 125 feet X 445 pounds per square mnch increase
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pet foot of depth plus 14 7 atmosphenc pressure) This 1s approsimately the
same as the pressure of ovigen a person would recene if breathing pure
ovygen at the surface At depths greatly m cxeess of this (270 feet), the
ovygen pressure mav be so great as to have a convulsant effect. Partial pres
sures of atmospheric contammants, such as carbon dioxide are also mereased
as depth increascs thus auvgmenting their tovic effects

4 The components of @ muature of gases in contdct with a hquid will dis
sobve mn direct proportion to thew partial pressures (Henry's Law)

As we have mentioned above, the partial pressures of mitrogen at sea Tevel
15 79 percent of 147 or 11 6 pounds per square ch At 33 feet, wath a pres-
sure of two atmospheres, the partial pressure of mtrogen will be doubled,
amounting to over 23 pounds per square mch Therefore twice the usual
amount of mtrogen will be dissolvcd 1n the blood when at that depth Con
versely, the blood will hold i solution at the sutface only half the yolume
of witrogen that wall dissolve at 33 fect Thus as one nses to the surface, the
excess will tend to come off as bubbles of gascous mtrogen

The situation 15 analogous to the carbonation of beverages, where the
carbon diovide that 15 dissolved under pressure bubbles off as soon as the
cap 1s remosed from the bottle Instead of beng carbonated, the diver 1s nt
trogenated He 15, however, deprved of the bencfit of 2 cap 10 hecp the
mitrogen from bubbling off when the pressure 1s releascd

HAZARDS OF DIVING

For convemence, the hazards of diving can be dinided mto those encoun
tered 1n descent, those that occur while working at the bottom, and those
that threaten the diser dunngascent

ProBrems or Increasing Conpression Durine DESCENT

As will be seen 1n Fig 19 2, the pressure on the drver 1s increased by 445
pounds per square mch for every foot of descent At 5o feet the pressure 1S
369 pounds per square inch (absolute) At 100 feet the pressure has
creased to 592 pounds per square inch, or more than four times that to
which man 15 nonmally accustomed

The most impressn¢ effects of this pressure and of pressure changes a1¢
those related to gas volume and to the development of pressure differences
across vanious structures Both these phenomena can be appreciated by con
sideration of a fow cxamples Assume that a contaner that holds 5 hters of
air under normal pressute at the surface 15 sealed and taken to 132 fecl
where the absolute pressure ss 5 atmospheres If the walls of the contamncr a1
completely nonngid, the air mside will be compressed, according to Boyle's
law, to a volume of only 1 hiter This Liter contamns five times as many §3%
molecules and 15 thus five times as dense as 1 hter of air at surface pressure
When the contamer 15 brought back to the surface, the air will re-evpand 10
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its ongnal volume The greatest proportional change m volume, m both
descent and ascent, occurs close to the surface The solume 1s halved mn the
descent from surface to 33 feet but 15 not haled agan until o9 feet 1s

reached, and so on down

If the contamer i queshon were ngid and sufficiently strong the descent

to 132 feet would cause no
change n the volume of the
ar mside but a difference m
pressute would develop between
the 1side, which remains at 1
atmosphere and the 5atmos
phere pre sure reached outside
The final difference 4 atmos
pheres, or nearly 60 pounds per
square mnch, would amount to a
considerable crushing force If
the contamer were ngid but
open at the bottom, 4 liters of
water would enter as the air be
came compressed
would be no difference of pres
sure 1n the system

Another method of leeping
the 1nside and outside pressure
equalized would be to supply
more am, also under pressure,
to the contamer from an exter
nal source Tlis process would
require 5 liters of ar, 1 terms
of volume measured at the sur

—% L7

face, for each at
crease m pressure In this ex
ample the mass of air contained
at 132 feet would then expand
to 25 liters on ascent if 1t were
allowed to do so If it were Lept
confined, 1t would remamn at a
pressure of 5 atmospheres At
the surface, this would yeld a
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PRESSURE (FOUNDS/SQUARE INCH)

Tic 192 With every foot of descent,
pressure increases 445 pounds per squarc
mch At 100 feet the pressure has increased
to 592 pounds per square inch or more
than four times that encountered on the
surface

busting force of almost 6o pounds per square mch

Calculations as to the ‘crushing force withstood by the dier’s body are
misleading because the body as a whole, bemng made up of solids and fluids,
15 no more likely to be crushed than a bucket of water lowcred into the
depths Living tissuc can be exposed to tremendous pressures without
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chamee athechutble ta the pressurc itself Only when an unequalized

1

>
Sarvesve v vy .
wn the same terms as the contamers i the examples cited above Pressut
these spaces must be equalized by ad; of addstional air on dest
or destructive pressure differences wall rapidly desclop across therr »
Inyury due to farture of cqualization 15 often referred to as barotrauma
The air contaimng structures of the body are the middle ear spaces,
paranasal smuscs, the lungs and aways, and the gastromtestinal trac
person whose eustachan tubes will not transmt mir to equalize pressur
the middle ear will expenence discomfort n the first few feet of desc
Farther descent will result i inereasing pam, with stretching of the eard:
and with dilation leakage and eventual rupture of blood vessels 1 both
tympame membrane and the hmng of the space Actual mpture of the
drmm mav aceur with as httle as 10 feet of uncqualized descent In the

B UKL HLAUL s i s wpe o s . o s 7 e -
duce violent vertigo and nausca The mechanism of this vestibular react
15 the same as that involved 1n caloric tests of equihbrinm

As long as a dner 1 breathing normally and has an ample supply of ;
Tus lungs and mrways witl cqualize without difficalty 1 he ss holding
breath on descent, the air in these spaces will be compressed, and the syst
will assume a mose “cxpiratory” position In this case, no dafficulty will 2
until the position of maximal eapiration 15 reachcd when the volume of
cquals the residual volume of the Tungs plus the volume of the anways
yond this pomt, furtlier descent i breath holding will produce pulmen
congestion, edema, and hemorthage This accident 15 generally called £
racic squeeze Much the same situation can be produced by an attempt
breathe through an overlong tube to the surface (About 18 mches 151
maximum length fora “snorkel )

The mechanism n “squeeze” condiions can be considered as a large
cal merease 1n blood pressure The flwd portions of the body transmt |
external pressure freelv, but failure of equalization has Jeft the air space &
cemed at lower pressure The Aifferential 3s manifested as 2 but
ing force 1 the blood vessels The area 15 affected as 1f a suction cup b
been apphed In the car, the picture 15 comphicated by the fact that the ¢
ferential also acts direetly across the drum

Awr-contamng structures attached to the surface of the body are potent
sources of local “squeeze ” When goggles that have no means of equalt
tion ate worn, cxcessie descent may cause bleedmg mn the covenng mé
branes of the cyes and Lids and even behind the eseballs The usual B2
mash which covers the nose as well 35 the eyes, 15 much to be pxe}em“
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cause the diner can keep 1t equahzed simply by letting arr out into 1t
through Ius nose Closed rubber suits of the type often used mn sport diving
can also produce squeeze unless anr 1s admtted to them by some means
dunng deep descent Here, squeeze 15 usually noted as a pinching sensation
m the area of folds and ndges, and welts and spots of bleedmng 1n the skin
may be produced If such a suit 1s hooded, externdl ear squeeze can also oc
cur

‘The mechanisms and consequences of external ear squeeze are essentially
Iike those of the more familiar middle-ear situation, and damage to the tym
panic membrane may be equally severe, even though the force here 1s m the
opposite direction The hnung of the external auditory canal may also gie
evidence of mjury usually m the form of blood bhsters close to the eardrum
In thus accident, bleedimg from the external ear does not necessanly mndicate
eardrum rupture as 1t does m the middle-ear form of ijury Ear plugs are
to be avoided n dnving not only because they invite external ear squeeze but
also because the unequalized pressure may force them deep wto the canals

Gas pockets 1n the gastrointestinal tract do not produce difficulty dunng
descent Since their walls are nonngid, equalization 1s accomplished sumply
by the compression of the gas

The ¢lassic form of * dwvers” squeeze,” sometimes encountered in conven
tional smt and helmet diving, anses esther from loss of the supply of air un
der pressure to the helmet with venting to lower pressure or from a relative
inadequacy of air supply i a fall to greater depth In erther case, the helmet
itself constitutes a nonequalized space, and the external pressure of the wa
ter forces the diver mto it

ProBLEMS AT THE BoTron

At any given depth, the direct effects of pressure are related to the com
pression and consequent density of the breathing medium The duration of
gas supply 1 open circuit umts 15 reduced in proportion to the absolute pres
sure The work of breathing 15 increased not only in the breathing apparatus
but also 1n the divers’ own amrways (43,44)

The tw0 most inportant mdirect effects of pressure which are prmaipally
encountered at worling depth are mitrogen narcosis and oxygen poisoning

Nitrogen Narcosis  In dnving with aur, very great clevations of the partial
pressure of mitogen are encountered Although mitrogen has no evideat
physialogical effects under normal condihions, 1t begins to behave like an
anesthetic gas when the partal pressure 15 sufficiently high When breathing
air at 100 feet, most dners show some impatrment of thought and judg
ment and of the ability to perform tasks that require mental or motor shill

At about 250 feet, the average diver has lost most of Ins usefulness and
has become a menace to himself The Navy considers 300 fect an absolute
Limit for useful air dning Subjectnvely, nitrogen narcos:s resembles aleahohie
intoxication or the effects of breathing subanesthetic concentrations of
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change attnibutable to the pressure itself Only when an unequaliced dif
ference of pressure evists can mechanical damage occur The more dramatic
view has an element of truth only when the ngid or semingid air-contarning
spaces of the body or of those structurcs attached to the body are considered
w the same terms as the contaiers 1n the examples cited above Pressure m
these spaces must be equalized by admussion of additional air on descent,
or destructive pressure differences will tapidly deyelop across their walls
Injury due to farlure of cqualization 15 often referred to as barotrauma

The ai-contaming structures of the body are the middle ear spaces, the
paranasal sinuses the lungs and airways and the gastromtestinal tract A
person whose cnstacluan tubes will not transmit air to cqualize pressure 1
the muddle car will expenence discomfort m the first few feet of descent
Further descent will result in increasing pam- with stretching of the eardrum
and with dilation leakage and eventual rupture of blood vessels in both the
tympanic membrane and the lning of the space Actual rupture of the car
drum may occur with as httle as 10 feet of uncquahized descent In the st
nuses damage to the lming membrane with leakage of flmnd from the blood
vessels or actual blecding can oceur as 1t does in the middle ear If the dner
1s bare headed 1n cold water rupture of the tympanic membrane may pro-
duce violent vertigo and nausea The mechanism of thus vestibular reaction
15 the same as that ivoly ed 1n caloric tests of equilibnum

Aslong as a diver 1s breathing normally and has an ample supply of gas
Ius lungs and wirways w1l €quahze without difficulty If he 15 holding hs
breath on descent the ayr m these spaces will be compressed, and the system
will assume a more cprratory position In this case, no difficulty will anse
until the position of maximal expiration 1s reached when the volume of air
equals the residual volume of the lungs plus the volume of the airsays Be-
yond this point further descent n breath holding will produce pulmonary
congestion cdema and hemorthage This accident 15 gencrally called the
racic squecae Much the same situation can be produced by an attempt to
breathe through an overlong tube tn the « rfare /4% +« 0 1 the

“ v e e
sug luree m the blood vessels The area 15 affected as if a suction cup had
been applied In the car the metr 1o « o o 1 L

- ~ vuvay @ v e
sources or local  squeeze  \When goggles that have no mear;’s of equahzd
tion are womn ecessine descent may cause bleeding m the covenng mem
branes of the cyes and lds and even behind the cyeballs The usual face
mask which covers the nose as well as the eyes, 15 much to be preferred ber
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cause the diver can Leep st equabzed simply by Jethmg arr out mio i
through his nose Clased rubber smts of the type often used m sport diving
can alsa produce squecze unless asr 15 admtted to thems by some means
durtag deep descent Here, squeeze 1s wsually noted as a puchung sensation
m the ares of folds and ndges, and welfs and spots of bleedg m the shin
may be produced ¥ such a smk 15 hooded, external ear squecee can also oc-
cur

The mechanisms and consequences of external ear squeeze are essentially
Iike those of the more fanuhar muddle-ear situstion, and damage o the tym
pame membrane may be equally severe, even though the force hexe 15 in the
appasite direction The hning of the external auditory canal may alto gue
evidence of syury usually 1n the form of blood blisters close to the easdrum
In ths accident, bleeding from the external ear does not necessanly mdicate
cardrum tupture as 1t does 1n the mddie ear form of wyary Ear plugs ate
to be avoded in diang not only because they mvite external ear squeeze but
alsa because the vacqualized pressure may force them deep mto the canals

Gas pochets 10 the gastrombestnal tract do not produce difficulty dunng
descent. Since thewr walls are nonngid, equalization 15 accomphished simply
by the compression of the gas

The classic form of * divers' squeeze, sometimes encouutered m conven
twonal suit and helmet diving, anses aither from loss of the supply of air un
des pressure to the helmet wath venhing to lower pressure or from a relatwve
madequacy of ax supply mn & fall to greates depth In exther case, the helmet
atself conshitutes a nonequabzed space, aud the external pressure of the wa
ter forces the dver mto st

Prosrents at taE Borroar

At any given depth, the direct effects of pressure ase retated to the com
pression and cansequent denssty of the breathing medwm The durstion of
gas supply 1 open-circtut umts 15 veduced i proportsan to the absolute pres
sure The wotl. of breathing 15 mcreased not only 1 the breathing apparatus
but akso i the divers owa mnwvays (43.44)

The two most mmportant mdiect effects of pressare which are prmcipally
encountered at working depth ase Titragen narcosss and oxygen powomng

Nitrogen Narcoss  In diving with awr, very great elevations of the partia)
pressutc of mtrogen are encountered Although mitrager has re audent
physiological eficets vuder normal condibons, it begms to behase Whe an
ancsthetic gas shen the parhial pressure s sufbaenits high When breathing
2wy at 100 Feet, most dhvers show some mmpawment of thought ang ydg
ment and of the ahility to pesform tasks that sequire mental ar wotor syl

At about 250 feet, the average dner has Jost most of his uschilness ang
has become 2 menace to himself The Navy considess 300 fect an absolute
st for useful aur diang Subjechiely, nutrogen narcosss resembles aleohohie
mtoxication or the eficets of breatt b b 1ons of
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mtrous oude or other anesthetic gases It 1s by no means unpleasant and al
most by defimtion presents a diver from recogmzing a hazardous situation
and takmg effective achion The mechamsm of the depressant achion of nt
trogen apparently 15 closely related to that of gases recogmized as ancsthetic
agents (10,24) For dnes to depths greater than can be reached safely by 2
man breatlung air, the Navs employs hehum-oxygen muxtures {4748), but
thair use 1n sport ding myoles complications that usually outweigh any
possible advantage (47)

Oxygen Possomng It 1s now well known that increased partial pressures
of ovygen can have untoward cffects even at the surface. Prolonged thera
peutic exposure to exceptionally high concentrations of oxygen (1n excess of
those achireved by most methods of oxygen therapy) has been recogmzed
for some time as a source of pulmonary mntation and damage (6,11) Alse
recognized 1s the abiity of oxvgen admmstration to decrease the respiratory
dmve of certain patients with chrone pulmonary disabiity and thus fo pio-
duce loss of consciousness due to retamed catbon diovde (6,11). More 1
cently, the role of oxygen 1 producng blindness n premature snfants has
been established (50)

The deleterous cffect of exceedig safe lumts of exposure to high 0
gen pressures 1 ding appears to be unrelated to the phenomena descrbed
above Tt s also far less widely appreciated, although 1t has been recogmized
for many jcars (4,24) and has been the subject of considerable research
(5,24,25,30) The mamfestations are those of acute central nenous $)S
tem stunulation charactenzed by comvulstons The seizures, once under w3},
are mdistingwishable from those of grand mal cpilepsy or clectroshock ther
apy The convulsne phenomena are sometimes preceded by symptoms such
as localized muscular twitching, nausca, vertigo, anxtety and restlessness, dss
turbances of vision, and paresthesias When such potenhial waimngs ase
noted and recognized, the diver can sometimes extncate humsclf from the
sttuation by ascent before consulsions ensue Not mfrequently, howereh
such warmings arc totally lacking or oceur so shortly before comyulsions that
noaction can be taken

Although the use of oxygen and “lugh oxygen mutures” 1s not recom
mended for sportsmen, 1t has an unportant place w military dising Table
193 presents depth time limits considered reasonably safe for dnes with
pure oxygen as the breatling medium under the conditions specified Not
mally, however, a depth of 25 fect 15 not cxcceded dunng working dnes
with oaygen The mimmum partial pressure of oxygen at which comulsiné
poisoning can occur has not been established Tt 15 apparently less than the
2 atmosphcres a partial pressure than can be reached, for example, by breath
Jrég ?f Eum oxygen at 33 feet, 50 percent oxygen at gg fect, or air at about
280 feel

‘The devclopment of symptoms 1s preceded by a latent period, which be
comes progressively shorter as the partal pressure of oxygen 1s ncreased
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Both physical esertion and elevated carbon dioxide tensions dramatically
shorten the latent penod Indinidual vanability n susceptibility to oxygen
poisoning 1s large It has also been noted that mtoxication tends to develop
more rapdly, at least 1n some drvers, when a given parhal pressure of oxygen
15 encountered in the presence of mitrogen during work at depth This effect
15 behieved to be the result of madequate pulmonary 1enhlation, with con
sequent retention of carbon dioxide by the diver The CO. level in the dwver s
tissues can also be raised 1if the CO; content of the respuratory maxture 15

TasLE 191  Depth Time Limuts* for Dives
with Oxygen as the Breathing Medum

Depth (Ft) Time (Min )
10 240
15 150
20 110
25 75
30 45
35 25
40 10

< Consnidered safe for dnes mvolving moderate
exertion when carbon dioxde content of mspired
gas 1s mmimal Accurate measurement of depth
15 extremely mmportant

elevated This can occur, for example, if the diver 1s using some type of
closed crrcmt * apparatus with a faulty CO, canister or absorbent

The role of carbon dioxide 1 oxygen poisomng has been studied mnten
siely by Lambertsen (30) The modus operandi appears to be as follows
Under normal conditions, the blood carnes oxygen manly m combimation
with hemoglobin 1n the ted blood corpuscles Only a small fraction of the
total 15 dissolved 1n the plasma Howcver, the dissolied fraction mncreases
matkedly as the partial pressure of oxygen n the inspired gas 15 increased
As more oxygen 15 provided m dissolied form, the tissues take less from the
hemoglobin As a result there 1s Iess reduced hemoglobin asailable to assist
mn transporting CO; away from the tissues and the tension of CO» m the
tissues nises

This 1ncrease i tissue CO- tension s not large But i the bram it 15

Wy suf w late the resp y center and produce an m

crease m breathing Increased breathing in tumn causes a decrease 1 the
alveolar and artenal COs levels The artenoles of the bran are sensitne to
artenal CO, tension If 1t 1s high, they dilate If it 15 low, they constnct
Vasoconstriction, as occurs in this case, causes a reductton tm brun blood
flow

‘With decreased blood flow, the brain takes more oxygen out of each drop
of blood Although the ovygen tension remains high m blood reaching the
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brain, 1t now drops rapidly as the blood goes through the bram capllanes
Tn effcct, this scquence of events greatly reduces the “dose” of ovygen that
the bram as a whole receves

What has been rclated 1 the usual response, but the protective shutdown

e o
amount of COz n what he 1s breathing, mcreased breathing will not Iowes
Iis alveolar and artenial CO; tensions They will, m fact, already be Tugh
and will remamn so This will also be true if a man’s respiratory adjustment &0
excrhion 15 nadequate, inherently or because of diving condibions or the ef
fects of lus respiratory gas mixture It 15 probable that m both these cases
tus bram blood flow wall also be abnormally hugh, that hus bram will recene
an exceptionally ugh “dosc of oxygen throughout the exposure, and that
ovygen porsoming will occur with unusual rapidity

1f 2 vactum of porsoning 15 prevented from drowmng or mjurnng Tumself
dunng comvulsions, the likchhood of serous aftereffects 15 extremely sall
Convulsions arc followed by a period of postcomulsne depression chat
actenized by unconsciousness, restlessness, and irrational behavior, and som
nolence, usually m about that order This period may last from as itle as
fifteen minutes to an hour or so more The patient may then become 1
tional and alert rather suddenly and usually complains of no more than f1
tigue and headache The convulsions are almost always self imted and
followed by a quiescent period of some minutes even if exposure to high
oxygen tensions continues The comvulsion in progress at the time the 0}
gen level 1s low ered 15 generally the last

adequate to handle the volume of the gas prodl‘xccd by a duer who 15 work
mg hard In any closed circuit umt, exhaustion or wetting of the absorbent
can cause carbon dioxide levels to nise

Normally an excess of carbon diovide will cause respuratory stimulation to
the pomnt of marked discomfort This provides the diver with a clear wam®
ing, and he can usually surface before more senous symptoms appear un
fortunately, however, a subnormal respiratory response to carbon diovide
15 not uncommon under dwmg cc
central nenvous system depression
ness without any adequate warmng 1 wucct, CaloUN wIVAIIY 5 s
can thus be as msidious 2 hazard as anoxia

An exceptionally meager response to catbon dioxide, resulting nade
quate pulmonary venhilabon and marked retention of carbont dioude dut
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g a dive, 1s believed to be responsible for a number of cases of loss of
consciousness underwater, even with open aircwit equipment Deliberate re
stramnt of breathing to conserve air 1s practiced by many scuba divers and 1s
considered quite unwise i view of this possibility

A number of deaths m shin diving (without breathing apparatus) have
been attnbuted to overzealous breath holding The use of hypersentilation
before the due to prolong breath holdmg mcreases the likehhood that defi
mte anoxia can develop especially when the dier finally starts ascent
Breathing oxygen before breath holding produces a spectacular increase m
time but allows carbon dioxide tension to approach frankly depressant levels
Breath holding 1 deep shin dwing presents several particularly mteresting
aspects (15,55)

One ly enc d foll exposure to uigh CO.
levels 15 a severe headache This can be expected 1n 1 out of § mdviduals
when the effective percentage of CO. {percent CO, X pressure m atmos
pheres) 15 5 percent When the effective percentage of CO. reaches 8 per
cent the headache will imvanably occur (23) This headache appears when
the dnver agam commences breathung fresh air The headache 15 relicved by
breathing oxygen

PRrOBLEMS OF ASCENT OR DECOMPRISSION

Dunng ascent or decompression two major groups of problems cxist The
first group 15 caused by the property of a gas to expand as pressure decreases
The second 15 due to the escape of mtrogen from solution m the form of
bubbles

E. of A on Dy p With d g pressure, any air
that has been swallowed will expand and may cause intestinal cramps How
ever, because of the length and distensibility of the testinal tract, no se
nous casnalhies have been encountered from this cause Also, infected s1
nuses may drain coprously and cause pain duning ascent

The most scrious results of decompression or pressure reduction occur
from the expansion of air n the lungs Aur taken mto the lung at a depth of
125 feet will mcrease five times m volume if carmed quickly to the surface,
where the cxternal pressure 15 reduced to one fifth Even ascent from lesser
depths may cause senous consequences Therefore, the diver must be tramed
to 1gnore lus natural impulse to hold Ius breath under water and breathe
naturally durning normal ascent and exhale continuously dunng any rapid
ascent

Such traiming 1s cspecally imperative for the scuba dnver The diver using
self-contamned equipment who gets into trouble may have to ditch lus gear
and return to the surface as quzc]dy as possxblc Undcr condmons thus con
dual 1s sure to

ducive to mental pamic, an
hold hus breath to the last possible with duc Ese
when the diver exhales as he ascends, an occasional indrrdual wall suffcr
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serious Jung injusy because a local bronclual obstruction (such as a pneu
molith) prevents rapid equalization of air pressure in some localized por
tion of the lung

As the dier ascends, the intrapul y P prog ly distends
the alveoli If sufficient air has not been exhaled, some alveol wall rupture

From the pomt of rupture, the air may dissect along the bronchs and find
its way into the mediastinum to create a mediastinal enmphysema The sign
usually encountered in this condition 1s suelling m the nech and supraclanc
ular region Creputus 15 noted on palpation of these regions The patient
may present symptoms such as feeling of fullness in the chest, shortness of
breath, dysphagia, and syncope, especially when the nech 15 flexed The
Iatter 1s probably duc to pressurc on the vagus with resulting bradycardia

The X ray wall show widening of the mediastinal shadow, with spears of
reduced density extending up to the neck These latter shadows sepresent
the passage of air from the mediastmum mnto the neck along the fascial
plancs If there 15 a weakencd area on the surface of the lung, such asa bulla
or bleb, rupture may take place mto the plewal space with the development
of spontancous pncumothorax, with sudden acute dyspnea and pain, which
15 sometimes so severe as to suggest angina

The most serous consequence of alvcolar rupture, or ‘ lung burst™ as it 15
somctimes called, 1s arr embolism When air cscapes from the lung with suf
ficient pressure to break nto a blood vessel, bubbles of air enter the blood
stream The diver 15 usually m the erect or head up position Air ‘bubbles
tend to nise Therefore as the blood carnies the bubbles through the arch of
the gorta, the bubbles ascend through the carohd artcrics and produce
cerebral air embolism

when nsing from even a modest depth

Escape of Dissohed Nitrogen (Decompression Sickness, “The Bends'}
Since the volume of gas that will be held 1n solution vanes myersely Wit
the pressure, dissolved mtrogen will tend to escape from blood and other tis
sues as the water pressure decreases dunng ascent

The appearance of symptoms depends upon (1) the depth and duration
of submersion, and (2) the raprdity of ascent

The depth 15 important because the greater the depth, the greatet the
partial pressute of mtrogen forcing 1t mto the solution The durahion of ex
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posure 1s important becanse the longer the mdvidual remams under m
cieased pressure, the greater the opportumity for mtrogen to find 1ts way mto

solution
From Table 19 2 1t will be scen that submersion up to 30 feet can be tol
erated mdefimitely without expenencing decompression sickness However
when one exceeds a depth of 6o fect, the length of time necessary to produce
the bends” decreases sharply One can stay at 100 feet only about 25 mm
utes withont absorbing so much mtrogen that slow decompression 15 1m

perative

TasLe 192 Depth Time Lumits for Air

Dives Not Requinmg Decompression
Stops on Ascent

Depth (Ft) Tume {Mun }*
40 120
50 78
60 55
70 4
80 35
90 30

100 28
110 20
120 18
130 15

Navy Standard Decompressian Tabte

The greater the diffcrence between the partual pressure of the gas dissobed

’a
Once bubbles ateuxelAcased the pr:sence and seventy of symptoms depend
upon where they form or lodge Pam 15 the presenting symptom and 1s usa
ally centered around the jomts
In order to produce symptoms, a certain amount of tissue deformation
must occur Therefore, pain 15 more likely to be registered m a “tight™ tissuc
such as a tendon or ligament, than n a loose’ hssue such as the subcutane.
ous fat Symptoms wall always appear within 24 hours after exposure to pres-
sure

Miscetraweous Accipents anp CovprrioNs

Drowming  Normally, a well tramed sport dver with good equipment 13
less likely to drown than the average bather at the beach However, the o7
cumstances that he cncounters are potentially more hazardous, and esen
small nushaps can lead to drowning Deowming 15 almost certainly the fegd.
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g cause of death i sport dning However, other dwving acaidents are often
wrongly classified as drowning, and even when drowning 1s the end result,
some other accident 15 ikely to have been the baste cause

Anoxa - Anowia is excecdingly unlikelv in the use of open circuit ‘scuba

-

Tie 193 The greater the difference betueen the partial pressure of the gas
dissohed wn the tissue and atmosphenc pressure, the larger and more numerous
are the bubbles and the greater the probability of symptoms Redrawn from
Chnical Symposia By permussion of Dr Netter and CIBA Pharmaccuticd
Products Inc* © CIBA

3ing the cylinders with ﬂdﬂ
, This 15 not truc of clost

cueutt cquipment, cven when the cylinder 15 charged with pure 03gc?

Here, failure to flush atmosphenc mitrogen out of the Tungs and breathing

bag before the dive introduces the possibihity that the gas volume will re-

main sufficient for comfortable breathing while the ovygen content falls to
dangerous levels

The reduction of volume m the system duc to metabolic consumptio?
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v .
always occurs without any perceptible increase 1 breathing or any other
adequate warnmg to the diver Respiratory amest follows unconsciousness,
and cardiac arrest may occur also Very prompt rescue and resuscitation are
tequired to prevent death or permanent brain damage

Carbon Monoxde Poisomng  Carbon monoude poisonmg anses oc
casionally in the use of open-curcuit equipment because of charging cyhinders
with impure air ‘Whether a gnen concentration (percentage) of carbon
monoxide becomes effectively more toxic with the merease m ts partial
pressure at depth, as that of carbon dioxide does, has not been established
If 1t does, even carbon monoxide levels that are considered quite mnnocuous
at the surface would be hazardous tn diving In any case, the greater partial
pressure of oxygen at depth would tend to offset the resulting defect 1n oxy
en transport, and toxiaity would become most evident on subsequent as
cent Unconscrousness without warming is the most hkely result Symptoms
such as headache, although frequent 1n prolonged low level exposures, could
not be relied upon to provide any warning

Overeaertion  Qverexertion 1s one of the more frequent sources of diffi
culty n sport diving Hyperpnea and air hunger are familiar and expected
limting factors m strenous exercise even at the surface The limts they 1m

supply enough air to permut the diver to exert humself vigorously A com
mon situation, like that of trying to keep up wath a better swunmer, may
suddenly brung a scuba dwver to the pomnt of desperate air hunger Thus, m
return, may Jead to a vanety of accrdents

Pamc  Pamic can tesult from very minor mishaps underwater and can
tum them inte disasters Any loss of presence of mind can be senous as
falure to exhale dunng ascent amply illustrates (air embolism) The
diver s temperament 15 obviously important, but the abihty to handle diing
emergencies without pamc also requires watermanstup of a hugh order and
not a little specific traming

Cold Cold 15 a senous problem for divers in many areas Rubber suits
of sanous \inds are available and when properly used provide considerable
protechion However, sport dners not infrequently find themselves chilled
and shnermg uncontrollably This itself does not constitute a diving ac
aident, but the attendant loss of tachle scnse, dextenty, coordipation and
ability to hold a mouthpiece, and even of mental competence, can have
senous consequences
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Inpurics from Marme Creatures  Injunies due to manne Ife anse much
mote frequently from the smaller less awe mspinng forms than trom the
larger potentral menaces Sharks barracuda, manta rays, sea Lions, kaller
whales and the hke deserve the diver s respect when encountered By and
large, they do not deliberately scek to harm man, and authentiated ac
counts of attachs on fully submerged divers are rare Injunes from shngrays
are common largely because these creatuses often lre on the bottom m shal
low water and are readily stepped upon The moray ecl 1 frequently 110
when its domain 15 invaded Painful and sometimes serous njunes mvoh
g coral, sea urchins, sea nettles and the Portuguese man of war ate by far
the most common forms of trauma where these forms of life are found

Underwater vegetable fe can be evonerated from harming dners except
for the possibility, very real m some areas, of entanglement 1 such forms a3
gant kelp

Injunes from Other Underwater Causes  Physical injury, entanglement,
damage to rubber breathing tubes, and sumiar mishaps are potential hazards
1n diving especrally around rochs, coral, wrecks, and the Iike, and paxhculaﬂ)’
so when vistbility 1s poor Improper methods of entenng the water with
“scuba”’ and careless ascent m the presence of boats or other overhead ob
structions contnbute thear share of concussions and other injuries

Medical Condittons Common medical conditions that appear to beun
usually frequent 1n sport divers include upper respiratory mfections, SIBUS
tis, otitis media and otshis externa, dermatophytoses, and sunbum Fatigue
and chilling may contnbute to the mcidence of respiratory mfections and
related diseases, and barotrauma 15 belicved to aggravate these condibont
Oftitis externa probably owes 1ts frequency m part to maceration of the ca
nal liming by frequent and prolonged wetness, and prophylactic measures
aimed at drying the canal after diving hase met wath considerable success
The sumplest and most Iikely to be followed 15 mstillahon of a few drops 0
alcohol shortly after the dne

Skeletal Lesions X ray changes i bones of divers have not as yet been
observed Two studics of Navy divers have failed to disclose any bone P
thology (7,59) In one of these studies (59), some of the dwers had &
penienced symptoms on one or more occasions which could be attnbuted 0
a bubble in the medullary cavity Tor a complete discusston of this problem
the rcader 1s referred to Poppel and Robertson (51)

RECOGNITION AND TREATMENT
OF DIVING ACCIDLNTS
Co~pimions REQUIRING RrconeRession

The most senous mustake possible i dealing with a pabient who has bee?
using diving equip 1s failure to recognize air enbohsim o decompres
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sion sickness These may be mdistngmishable from each other, but both
requure recompression 1if serious and permanent damage or death are to be
avoided Often nerther diagnosts can positively be made or ruled out These
conditions must at least be considered m the diagnosis of almost any abnor
mal sign or complamt presented by a man who has been underwater with
breathing apparatus When 1 doubt, one shuuld recnmpress Unfortunately,
facilities for p may not be lable This hazard
should be taken very carefully mto account by all dwvers and provisions
should be made for emergencies

In suit and helment dwing, the protection afforded by the ng and the
nearly mexhaustible air supply usually available sometimes make recompres
sion 1n the water a practical substitute for a recompression chamber How
ever, attempting to recompress a man by putting him back in the water with
‘scuba” would almost invanably be dangerous and futile Small recompres
sion chambers are rec ded for dnving org: 101

Unconsciousness In a diver unconsciousness presents a particular prob
lem of diagnosis and management, but one practical rule can be given an
unconscious diver must be considered a victim of air embolism or decom
pression sickness untl these conditions can absolutely be ruled out They
can readily coenist with seemingly more obvious causes of unconscious
ness such as apparent drowming or trauma to the head Not even spontane
ous recovery rules them out enturely 1f any neurological defect remains Un
less such measures as axhﬁcxal respiration are TICCESSATy, UNCONSCIOS Persons
should be taken diately to bers even 1f consider
able distance must be tra\elcd Recompressxon atself 15 not known to be
harmful i any condstion, and almost any other treatment indicated can be
applied 1 a chamber of usual size

Respiratory Arrest ' When this anses, from any apparent cause, 1t must be
classed with conditions requinng recompression sumply because the necessity
can rarely 1f ever be ruled out If ar embolism 15 responsible or coemts,
chances of successful 10n are negligible wathout
matter how prompt and skillful the efforts are Resprration should be ad
mnstered while the victim 1s beng transported to a recompression cham
ber

The “mouth to mouth” method of artificial respiration appears to be the
procedure of choice, not only because 1t provides good pulmonary ventla
tion but also because 1t can be admimistered 1n a vanety of positions and
dunng transportation It could even be applied with victim and rescuer i
the water awaiting pick up A meehanical resuscitator, if 1t 15 of good design,
1s funchioning properly, and 1s correctly used, has definite advantages How-
ever, 1ts asalability cannot be counted upon m most emergency situahions
when immediate action 15 essential

Discomfort in the thoracic or cervical region may indicate the presence of
mediastinal emphysema, particularly 1f 1t 1s associated with difficulty i
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breathung, speech, or swallowing Subcutaneous emphysemd 15 somchimes
assocrated with 1t These conditions, like air embohsm (with which they are
often assocated), can result from exceedingly shallow dives The symptoms
may require p if severe R P temporanly rclieves the
symptoms of prcumothora, but these arc Iikely to reappear when the pa
tient 15 returned to normal pressure

Bloody froth coughed up or seen at the nose or mouth, signtfics lung m
Jury of some kind Its frequent association with ur embolism makes it an ex
ceedingly sigmficant finding mn a  scuba’ diver In breath hold dnvmg or
when an excessnely long snorkel 1s used, bloody froth generally indicates
thoracic squeeze In this situation, consenatne therapy and supportne
measures are mdicated rather than recompression Smple hemoptysis and
epistanis can both anse from barotrauma to the mddle ear or smuses Epi
staxis sometimes follows ovcrzealous blowmg' m an attempt to equalze
pressure on descent

RrsuLts oF BaROTRAUMA

Inability to equalize pressure dunng descent can result m considesable
damage to the ears and sinuses

In the ear, evidence of failure to cquahze may range from httle more than
hyperemra of the tympame membrane to gross hemorrhage and rupture
There may be a considerable amount of free blood in the middle ear even
when hemorrhage in the drum 15 lmited

In most cascs, healing 15 uneventful even after rupture, the less treatment
gnen, the better Most submanne medical officers have concluded that 3
strct handsoff policy yields the fewest compheations and most apd
reparr The patient 15 hept out of the water until healing 1s evident and un
til he recovers from any condition Iikely to nterfcre with equalization of
pressure An inhaler or non oily nose drops may be gnen to rchere conges
tion and assist drainage of free blood or transudate through the eustachuan
tube The patient 15 cautioned against blowmng lus nose v1gorously an
should avoud ‘ eat popping” manewsers If the tympame membrane 15 1P
tured, the patient 1s gnen strict mstruchions to Leep water and all othet
objects and matenals out of hus ear

External ear squecze,” even with rupture, generally roquires no trédt

ment except for the patient to stay out of the water and heep water and
other matcnals out of the canal Unless the hemorhagie blebs are ¢veeP
tionally Jarge, lancing 1s not indicated Occasionally, what appears to bed
severe ohitis externa with purulent exudate may mask an umecogmzed rip
ture of the tympanic membrane with otitis media In such a case, overzeat
ous local treatment wath strong agents could be disastrous

INjurics FROM MaRINE Lire

Some imjunes may have constitutional effects because of toans imalved
Some forms of coral produce a severe local urticaral response, complicatifg
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the actual injury The stings of jellyfish, sea nettles, and Portuguese man-of
war, especially the last, can produce mtense local pain, pronounced local re
achion and lly severe syst teachions bling anaphylactic
shock T d should plish remosal of as much of the
offending substance as possible and avoidance of spread to unaffected areas
Tentacles should be removed, a piece of cloth beng used to protect the
hands The area 15 washed with water at once and, as soon as possible, with
a basic solution such as dilute ammona Local and oral administration of
antihistarmnies and imjection of h and calcium gl have
been ded 1n the of the local reaction However, the
expenience of Starh (58) indicates that only systemuc and topical use of
adrenocortical preparations are of real benefit Systermic reactions demand
Pprompt and vigorous treatment, and cortisone and related agents should be
useful here also Stingray imjunes are generally charactenized by a sizable
and ragged wound, but a toxin 15 believed pnmanly responsible for the
tense pamn that follows and spreads This toun 1s also beheved to hase
systemic effects Russell (53) recommends the following steps in manage
ment of the usual stingray wound confined to an extremity the vichim
should immedately wash the wound mn sea water after which 1t should be
wngated, and the epidermal sheath of the stinger remosed if ths 15 present
the extrematy should be soaked 11 hot water for thirty to sixty munates to
reheve pam, after debndement and further cleansing, sutures and a stenle
dressing are applied If the wound mnvolves penetration of the thorax or
abdomen, the vichm 15 immediately hospitalized for vigorous treatment of
secondary shock and other comphcations

Furter INFORMATION REGARDING DECOVPRESSION SICRNESS

Decompression sichness or the bends most commonly mamifests itself by
locahzed pam (Table 193) It 15 usually the only symptom and occurs m
70 pexcent of cases The site of the pain 15 usually n or around the elbow or
knee joint The next two most frequent types of symptoms are those relating
to the slin and central nenous sistem Shin symptoms are rash and itching
The most common central nervous system symptoms are muscular v eakness,
vertigo, and aphasia \While rare, a quite senous condition 1s “chokes,” ap-
parently caused by massne bubble formation 1 the lungs It 15 soon fatal 1f
not treated promptly The onset of ssmptoms usually occurs wathin sic
hours after the dive (Table 19 4) If the first indication of symptoms occurs
more than 24 hours after the die, 1t 1s quite unlikely that the condition 15
due to decompresston sichness

The treatment of decompression sickngss 15, as stated earher, recompres
sion The general pnnaiples of the Navy treatment are (1) imitation of the
masmum pressure to 75 pounds and mantenance of this pressure for at
least 30 munutes or as long as 2 hours, {z) prolonged recompression for
penods of 12-2.4 hours at p of 1 and 2 atmosph (3) the inhala
tion of oxygen at pressure levcls equivalent to = atmospheres (6o ft )} or less,
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breathing, specch, or swallowing Subcutancous emphysema 15 sometimes
assoctated with st These conditions, like air embolism {with which they are
often assoctated), can result from exceedingly shallow dives The symptom:
may requre recomp if severe Recomp temporanly relieves the
symptoms of prcumothorax, but these are Iikely to reappear when the pa
tientas returned to normal pressure
Bloody froth, coughed up or seen at the nose or mouth, sigmifies lung m
Jury of some hind Its frequent association with air embolism males 1t an ex
ccedingly sigmficant finding 1n a “scuba” dner In breath hold dising o
when an excessely long snorhel 15 used, bloody froth generally indicates
thoracic squeeze In this situation, consenatne therapy and supportine
are indicated rather than recompression Simple hemoptysis and
epistawss can both anse from barotrauma to the middle car or smuses Ep
staxis sometimes follows overzealous * blow mg” m an attempt to equalize
pressure on descent

ResULTS OF BaROTRAUMA

Inability to equalize pressure dunng descent can result m considerable
damage to the cars and sinuses

In the ear, evidence of failure to equalize may range from little more than
hyperemia of the tympamic membrane to gross hemorrhage and rupture
There may be a considerable amount of free blood 1n the muddle car even
when hemorrhage in the drum 1s Tnmited

In most cases, healing 1s unesentful even after rupture, the less treatment
gnen, the better Most submanne medical officers have concluded that 2
strct “ hands off policy yields the fewest complications and most rapid
repanr The patient 1s Lept out of the water unt] healing 1s evident and un
til he recovers from any condition Iikely to interfere with camlization of

pressure

tion and .

tube The pauenc 1s cautioned agarnst blowing his nose wvigorously and

should avord “ear Popping” If the ¢t b 15 Tup-
P

tured, the patient 15 given stuict nstructions to Leep water and all other
objects and matenals out of hys ear

“External ear squeeze,” cven withy rupture, generally requires no treat

ment except for the patient to stay out of the water and kecp water and
other matenals ont nf the cae 1 17 2

B - - to
FUIE OF tne tympamc membrane with ot media In such a case, overzeal
ous local treatment waith strong agents could be disastrous
INjURIES FROM MARINE Lirk

Some wjuncs may have constitutional effects because of toxms myoled
Some forms of coral produce a severe local urticarial response, comphcatifg
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the actual mjury ‘The stings of jellyfish, sea nettles, and Portuguese man-of
war, especially the last, can produce mtense local pain, pronounced local re
action and lly severe systemic reactions bling anaphylactic
shock T d should plish removal of as much of the
offending substance as possible and aoidance of spread to unaffected areas
Tentacles should be removed, a piece of cloth bemg used to protect the
hands The area 1s washed wath water at once and, as soon as possible, with
a basic solubion such as dilute ammoma Local and oral admimstration of
antthistamimcs and mjechion of phrne and calaum gl hae
been ded 1 the of the local reactton However, the
expenience of Stark (58) mdicates that only systemic and toprcal use of
adrenocortical preparations are of real benefit Systemic reactions demand
prompt and vigorous treatment, and cortisone and related agents should be
useful here also Stingrav mjunes are generally charactenzed by a sizable
and ragged wound, but a toun 15 beheved prmarnh responsible for the m
tense pamn that follows and spreads This foun is also behieved to have
systemic effects Russell (53) recommends the following steps in manage
ment of the usual stingray wound confined to an extremitv the vichm
should mmmedately wash the wound m sea water after which 1t shounld be
ungated, and the epidermal sheath of the stinger removed if this 15 present,
the extremity should be soaked 1n hot water for thirty to sixty minutes to
relieve pam, after debnidement and further cleansing, sutures and a stenle
dressing are applied If the wound mvobes penetration of the thorax or
abdomen, the victim 15 immediately hospitalized for vigorous treatment of
secondary shock and other complications

Furtier INForvATION REGARDING DECONPRESSION SICKNESS

Decompression sichness or the bends most commonly mamfests itself by
localized pain (Table 193) It 15 usually the only symptom and occurs i
70 percent of cases The site of the pamn 1s usually n or around the elbow or
koee joint The net two most frequent types of symptoms are those relabing
to the shin and central nenous system Skin symptoms are rash and itching
The most common central nerous system symptoms are muscular weakness,
vertigo, and aphasia Whilc rare, a quite serious condition 15 “choles,” ap-
parently caused by massive bubble formation i the lungs It 1s soon fatal 1
not treated promptls The onset of symptoms usually occurs wathm s
hours after the dne (Table 19 4) If the first mdication of symptoms occurs
more than 24 hours after the dive, 1t 15 quite unlihelv that the condition 15
due to decompression sickness

The treatment of decompression sickness 1s, as stated carlier, Tecompres
sion The general prnciples of the Navy treatment ate (1) Tmutation of the
maxmum pressure to 75 pounds and mamntenance of this pressure for ot
least 30 minutes or as long as = hours, (2) prolonged recompression for
penods of 12-24 hours at pressures of 3 and 2 atmospheres, (3) the inhala
tion of oxygen at pressure levels equivalent to 2 atmaspheres (6o ft ) orless
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to promote the rapid ehmmation of mtrogen The treatment can be as short
a5 21 hours or as long as 3834 hours {Table 19 5}

Indications are that there 15 no telation between the depth of dne and
the depth at which symptoms are relieved A diver may mcur decompresson

TasLe 193 Symptoms of Decompression Sichness m 113
Duses

No of Patients

Symptoms with Each Symptom
Localized pamn 107
Numbness 10
Muscular weakness 10
Ras 9
Visual disturbances 8
Vertigo +
Apliasia 2
Headache 2z
Unconsctousness 2
Nausea 1
Chokes 1

Number of patients with one symptom 79

Number of patients with two symptoms 29

Number of patients with more than two symptoms 5

Numbcr7o7f patients 1 which pam was the only symp-
tom

Tasre 194 Time of Onset of Symptoms After Exposure
to Pressure

Tume of Onset Number of Cases

Dunng or immeduately after

decompression 14
Withim 3 hour 15
1 to 1 hours 12
1 to 2 hours 16
2 to 4 hours 20
4 to 6 howrs 18
6 to 8 hours 4
8 to 10 hours

10 to 12 houss 4
12 to 14 hours 1
14 to 16 hours 0
16 to 18 hours 2
18 to 2+ hours Z
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sichness as the result of a dise to 100 feet and need to be recompressed to
165 fect to obtaw relicf of hus symptoms On the other hand the longer re-
compression 1s delayed the greater the pressure required to obtain relief of
the symptoms

Complications such as shock, convulsions, and dehydration may accom
pany decompression sickness and of course these require medical attention
The most common complication 1s that of excessive loss of water and elec
trolytes It 1s usually hot 1n recompression chambers, and the air 15 almost
completely saturated with water vapor Flwds and electrolytes should be ad
mumstered, especially i cases where the treatment may be prolonged The
physician’s own acmity and judgment will be markedly mmpaired by m
trogen narcoss at the higher pressures mvolved in recompression If possible
he should remain outside the chamber and dircet the activities of a tramed
person on the mside wath the patient

To be useful chambers must be able to withstand 50 ps1 If possible, the
patient should be recompressed to at least one atmosphere (15 1bs ) bejond
the depth of relicf, and he should then be brought up m accordance with
Table 195 col 2A or 3, depending on In the absence
of a chamber, oxygen mhalation 15 recommended but 15 Likely to be of Little
value (See 6o for further details )

PREVENTIVE MEASURELS

Sport diving need not be unduly hazardous Many of the acadents dis
cussed are readily preventable if rcasonable precautions are taken Danget
seems to be one of the attractions of scuba diving, and 1ts complete elim
nation 1s not possible However, through knowledge and shill 1t 15 possible

to live dangerously without killing yourself

‘Scuba” diving should never be done alone, and indeed the ‘ buddy $3s
tem” i which cach partner 15 responsible for the other should always be
used There are few underwater emergencies that cannot be handled by
partners who have expenenced expert struction and supervised dnll

A dwer cannot be safer than 1 the mudst of a group that pays ample
attention to the cssentials of safety” adequate background Lnowledge
competence 1n general and speaific skills, good equipment, sound dning
practices, and read for handhing

clc:
8

Pmsical, RoQuiReMENTS

Appamlus—Breatlung Mediwms Tt has been pointed out that the mnture
the diver breathes underwater 15 considerably more dense than orduary 37
The components of this mixture also cxert a greater than usual parbial pres
sure It 1s therefore a matter of considerable importance that the apparatus
have an ptabl, P Y Thus should not be greater than
5 em 1:0/1/see at atmosphenc pressure, duning both inspiration and cx
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piration Preferably, the resistance should be somewhat less, about 3 5 em
H,0/1 /sec dunng expiration For this reason, respiratory equipment de-
veloped for use at atmosphenc pressure 1s hazardous when underwater Using
aviation respiratory equipment underwater s equnalent to nviting swerde
Most sport divers employ open circuit demand type umts, an example of
which 1s the “Aqua Lung " The heart of such a unit 1s the demand regulator,
which opens to supply the gas required by each breath Exhaled gas 15 dis
charged nto the water, and there 15 no rebreathing Pure compressed air 13
the gas of choice for charging open-circuit equipment, and the average sport
dner dernves only added limutations and hazards from using anything else
A few types of closed-circuit rebreathing units are available and in use These
consist of a breathing bag, carbon dioxide absorption canister, vanous valves
and tubes, a mask or mouthpiece, and a gas supply cylinder The prnciple
of operation 1s the same ag that of many tipes of basal metabohsm and
anesthesta equipment Pure oxygen must be used in such a * scuba ” Although
closed ciremt umits have certain advantages and must be used m malitary
diving situations, they are generally considered unsmtable for sport diving

Specialized types of equipment that imvolve partial rebreathing to conserve
gas and permit uhhization of various gas mxtures have been developed (49)

Their use 15 confined almost entirely to special military purposes, and they
have no place m sport diving unless further development reduces the dif

ficulty and nsk 1nvolved

RESPIRATORY DATA IN UNDERWATER ACTIVITIES

INTRODUCTION

- . N . vy P

been few 1 number and contnbuted bv a small number of mterested
groups Although by far the widest application of diving 15 now i the realm
of pure sport, little general scientific interest has as yet come mto play Some
work has been of himmted value because of limited objectives, as in evalua
tions of breathing apparatus that might have vielded more useful physo-
logical data Some has had ats value o d by secunty cl 1on or
nterment 1n government teports of hmited avallability In part, the diff
culty of obtamng satisfactorv measurements accounts for the scareity of data
concerning certain vanables

Despite these shortcomings, enough 10n has been lated
to delineate several phascs of the subject quite accurately and to demon-
strate the ewstence of unexpected phenomena and the need for further
study 1 other aspects of the field

This discussion wall be confined mainly to the gross metabolic and re-
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spiratory aspects of underwater physiology” Most of the detailed work
devoted to oxygen powonmng, decompression, mert gas narcosss, carbon
dioxide phenomena, and other problems descnibed m the earher portions of
this chapter must be considered beyond 1ts scope

The history of metabolic and respiratory studies 1 dving 1s bnef This 15
largely accounted for by the fact that these matters were of relatnely httle
concern when almost all diving was done with surface supplied equipment
with a more or less unlimited supply of breathing medm avarlable from
banks or comg The develop of self d equpment, m
which the supply of gas and the ability to absorb carbon diowde 15 necessar
1ly imited, gave the diver s requirements new rmportance

Merons oF Stupy

The procedures for respiratory and metabolic studies 1n underwater work
are basically the same as those applied to sumlar problems on dry land but
the problems of submergence and hyd 1c pressure may require modif
cations that obscure the bl Ot g from an
underwater swimmer who 1s loose 1 his natne habatat presents particular
problems Only a few types of observation have proved possible without
restriction of the subject s freedom or unjustifiably 1mpressive nstrumenta
tion Osxygen consumption can be measured with reasonable accuracy“b)'
)

‘The physiologist s problems are 'h sxmi)hﬁed 1 dealng with forms
of underwater work where the diver stays in one spot and can be connected
to sampling tubes recording cables and the kike, and where expired gas €%
be collected and measured

The elusive swimmer himself can be pinned down while still swamming—
by means of a vanety of devices Such devices can be valuable and are quité
essential when connections to the subject are required or when swamming
must be done m a pressure tank or sumilarly hmited space But m even the
best of such forms of captity, the swimmer has ceased to be his normal
free finned self, and the unhesitating transfer of data to the untethered
state can lead to errors

Caution 1n the transfer of data must be carned several steps further when
the circumstances of study require the swimmer’ to be dry as well as st2
twonary The energy cost of treading a mull may be made cqual to t'lzafr:"f

.

to be conducted submerged—even at great cost 1n ngenwity and 1 con
vemence
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Oxyeen Consunprion

The proneenng studies of Donald and Davidson (14) were conducted by
the pressure-drop method mentioned above Thev included measurements n
comventional forms of diving as well as m undenvater ssimmng The aver
age values they reported m the former ranged from o6 liters per minute
(Ipm ) for walling slowly m a tank to 1 =7 1 pm for walking at a maxamal
rate on a muddy bottom Their studies of swimmng were limmted, but they
reported an average of 217 Ipm at speeds from o 8 to 10 knots (k )* and
3351pm at 10 to 14k The higher speeds were maintaned onlv bnefly

From the dp of desigming self: d dwing p
swimming 1s by far the most important form of underwater work Almost
all of the more recent nvestigations have concentrated upon 1t although
more mformation about other actiities—including walling pulling along
a line, operating propulsne devices, and the like—would be of 1alue for 1ts
own sake and for comparate purposes

Oxygen consumption studies 1n swimming conducted during CUSP (52)
were not very extensne, and although they indicated the nght order of mag
mtude, the average ‘normal speeds” determined were lower and the mean

a scales withmn Ius view The results indicate that the selected force was e1
ther too Jow or too 1ll mantained by the subjects, to be representative of
free swimmung at normally selected speeds

Questionable values obtamed dunng CUSP, and many questions that
remained unanswered, led The Expenmental Diving Umit in England to
undertake a larger scale study of oxygen consumption m underwater swim
ming m the fall of 1952 (40) The pressure-drop method was used with a
small calibrated cylinder attached to each breathmg apparatus and a cali
brated gage attached to each cyhinder Swims were conducted m a large
indoor pool with a 2o0-foot course (a rounded rectangle) marked on the
bottom Controlled swimming speeds were obtaned by a system of under
water markers and time signals Cach time a swimmer passed a specificd
pomt, his gage was read The subjects used fins of the tvpe almost umversally
cmployed at that ime (Voit Churchill)

The data ob d are p d graphically n Fig 19.4 Although the
mean values form a relat ely smooth curve, the ranges indicate that mndiid
ual vanatons were very large While the same indwiduals tended consist

1 A knot 15 defined as a speed of one nautical mule per hour A nautical mile 15 equal
to 6080 fcet (115 land miles) With httle emor {about 13 percent), 6080 can be
rounded to 6ooo fect or ~oco yards The knot is thus a very convenient unit of speed
measurement as well as one consistent with naval usage Where speeds were ongmall
reported m other units they have been comerted to rounded knots (6oco ft per hr;
for ease of companson m this discussion
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ently to be “high” or “low,” repeated runs at the same speeds and companson
of valucs from adjacent speeds mdicated that a given subject’s performance
could vaty considerably from day to day

Valuable formation concerning practical swimming speeds was also
obtamed The subjects found speeds below 07 Mlometer uncomfortably

L : Il 1 L 1 L
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Tic 194 Omgen consumption m underwater swimnung at rarious speeds
Subjects UDT swummers Experimental Dring Unit, 1952 (40)

slow and insufficient to provide ability to “plane” themselves up or down
for depth control At these speeds, errors 1n buoyancy compensation could
require more effort to be exerted m achieving the desired depth than for
forvard movement There was general agrcement among the subjects that
speeds between 08 and ©9 hnot would be chosen for normal opmnonal
swimming Speeds aboe 10 lnot were uncomfortably fatiguing and
could not be maintained at all by some subjects with the older breathing
units until carbon diovide absorption capacity was increased The top S
studied (12 Inot) was found to be cxhausting and could be mamtame
bv most subjects barely long enough for accuratc measurements to be
obtancd (about 15 minutes) In some cases, 1t was doubtful that a stead)
sta't_c wasachiesed in this penod

mc
“eluciency was toughly constant up t6 08 knot and dropped sharlf
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above that speed Calculations indicated that, at best, an underwater swim
mer could cover only one fifth or one snth as much distance per hiter of
oxygen consumed as a man walking or running on dry land

Many further studies proposed at EDU mvolved svimming 1n the con
fines of a pressure tank about 10 feet 1n diameter and obtaming measure
ments that required direct connections to the swimmer For this reason,
development and ‘ calibration” of a rehable ‘statronary svimming’ device
was undertahen 1 conjunchon with the ated study and employing the
same subjects (41) (The device 15 also pictured and descnbed n refer
ence 47 ) Weights were employed to maintain a constant opposing force

The calibration process mvolved determiming on the basis of oxygen
consumption what opposing force was required to simulate a given speed of
free swimmung

The ‘underwater trapeze,” as it came to be called proved to be an n
dispensable axd m EDU's subsequent underwater studies Despite certam
hmutations, 1t permitted the physiological resp of large bers of
subjects and the performance of a great vanety of breathing devices to be
studied under a wide vanety of conditions with reasonable simulation of
operational activty

Carsov Dioxme PropbuctioN

Measurement of carbon dioade production has not been accomplished
dunng unrestricted swimming and would be very difficult It 1s not enhirely
simple even with the mstrumentation that can be appled to a tethered
swimmer The apparatus descnibed by Goff and Specht s group (18) could
be modified to permit this measurement, and it has been accomplished by
an open ciremt method at EDU as a means of vahidating other measure
ments but without attempts to relate it directly to specific swimming speeds
Simultaneons measurements of carbon dioude output and oxygen con
sumption have not been made

The almost complete lach of mformation concerning carbon dionde
production 1n underwater work 1s probably not serous It has been assumed
that the usual relationships with oxygen consumption, expressed 1n te
spiratory quotients would apply as wn all forms of exertion For such purposes
as designating carbon dioude absorption systems, 1t 1s generally assumed
that the R Q wall approach unity dunng fauly heavy work, so the values
obtamed for onygen consumption are applied It 1s Anown, foweser, that
the moment to moment output of carbon dioxide can be greater than the
oxygen consumption at least for shost periods, and information concerning
the extent to which this occurs m ding would be desirable

Purnovary VentmaTion

The volume of gas moved 1 and out of the lungs (often expressed as
respiratory minute yolume-—~RMV) 15 of interest m underwater work for
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several rcasons In atself, 1t 15 not of much concem except in the use of
open circuit demand ‘ scuba,” of which the ‘Aqua Lung” 1s the most familar
example Here, together with the dwers depth, 1t directly determines the
quantity of compressed air he must carry for a gnen job, or consersely,
whether the supply e can carry will be adequate

RespraTory RaTz anD Tioar Vorums

The frequency of respration and the volume of mdwadual breaths ae
of secondary nmportance to other measures but cannot be neglected They
affect certam aspects of scuba design and appear to hase important bear
ng on CO: retention problems to be discussed

The EDU oxygen consumption study (40) included counting of 1c-
spiratory rates These were found to be quite vanable and inconsstent 1
their trends Whale a subject would mamtain about the same rate throughout
a given swim, he might vary it considerably in another swim at the same of
similar speed Differences between subjects were pronounced  Although
rates tended to increase with mercasing specds, some subjects did not show
this trend Among all subjects and all runs, the tespiratory rates were ber
tween 9 and 39 breaths per minute (bpm ) At speeds from 07 to 10
kilometer, the majonty of rates were between 10 and 25 bpm, and only
3 subjects had rates about 25

Many trained swimmers have been taught to attempt conservation of air
by slow, decp breathing Many have a habitual postinspiratory pause
Specht, et al (s7), studied such men dunng tethered swimming 12 moviog
water The respiratory rates increased little until speeds of 1 o Mlometer and
above were reached At the lower speeds, the mean rate was about 10 bpm
with a range from about 6 to 17 Even at the higher swimming speeds, 10
rates over 28 bpm were reported Throughout the speed range, the mean
tidal volume was 1n the order of 2 5to 3 hters

CoNTROL OF Respiration

Knowledge of the mechanisms that regulate breathing, especially dunng
exeraise, has developed slowly and still contains important gaps This lack
of knowledge, and a too ready acceptance of conclusions reached on dff
land, has led to some imteresting surpnses for the msestigators of respiatio
i ding The full story of these discoverses and problems cannot be gine?
here, but an account of some of the sahient pomnts should be of mnterest

One of the eatlicst preconceptions to be upset was that a man esposed 10
a nang level of catbon dioxide 1n s mspired gas would necessanly &
penence obvious hyperpnea and “air hunger” This, 1t was assumed, WOV
gne lim ample waming that something was wrong with hus breathing
apparatus and permit lum to terminate the dne before scrious difficulty
developed

Dunng World War 1, Barlow and MaclIntosh (2) mvestigated the dwing
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acaident known as  shallow water blackout They discovered that when
breathing oxygen dunng exercise, some subjects had httle respiratory 1e
sponse to carbon dioxide m thewr mspied gas Unaware of any abnormality
they would continue worlung until the CO, level reached the pomt of
causing unconsciousness More recently, Miles (45) has indicated that there
may be other causes for the acadent 1n question, but this relative absence of
respuatory stimulation by carbon dioxide must often be wnvolved and repre-
sents a valuable discovery in itself

Later Schaefer found that a subnormal respiratory response to carbon
dioude was virtually charactenstic of submanne escape training mstructors,
men who make prolonged and frequent deep breath hold dines 1 the
cousse of their work This low re actvity was demonstrable even duning rest
under normal conditions and was assoctated with unusually high normal
resting alveolar CO; tensions in the men concerned Schaefer has recapitu
lated these observations 1n 2 recent paper (56) and relates them to a habitual
pattern of slow, deep breathung Miles (46) has also reported simular findings
in Royal Navy diving personnel, and Lanpluer has reported markedly sub-
normal CO; responses mn EDU subjects (37,38)

Individuals with subnormal respiratory sensitivity to CO; and unusual
respiratory adjustments to exercise appear to be far more common m diving
than 1n the general population or among otherwise comparable athletes
Such charactenstics are evidently not unheard-of ontside of diving, but 1t
does not seem likely that an unconscious self selection process could ac
count for the pred of such mdividuals 1n underwater work or the
extent of their deviations from the respiratory norm The exstence of an
adaptne process of some hind 15 probable More extensne longitudmal
studhes of divers are desirable to establish this Its details desenve mvestiga
tion not only for their own sake but for the hght they may shed on normal
mechanisms and on similar alterations that can, for example, accompany
pulmonary disease In like manner, 1t seems probable that better under
standing of the effects of depth and breathing media on respiration would
also provide mformation of value well beyond the immeduate concems of
dving

SUMMARY AND CONCLUSIONS

Metabolic cost and other respiratory sanables in underwater activity have
been the subject of a relatnely small number of studies by a few groups of
msestigators, but not much understanding has been ganed and numerous
problems needing continued my estigation have been defined

Oxygen consumption 1n underwater swimming has been nestigated
relatnely well, but numerous questions stll deserve answers even n this
area At prachical swamming speeds, 1 the neighborhood of 10 Milometer,
swimmung consumes oxygen at average tates around 15 Ipm Indiadual
vanations are large Higher speeds can be mantamed only for bnef penods,
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and although these are assocrated with large increases m ovygen consump-
tion, the Iimiting values still remarn well below those for most forms of dry
land exercise This fact has not been cxplained Not only 1s undenwater
swimming a slow mode of propulsion but its cfficiency 1s exceedingly low
While its efficiency can be improved by petfecting swimmung technigues
and better fins, 1t remains far below that of common forms of work While
propulsive devices will largely replace swimming as a means of covenng
distance underwater, 1t will temam mmportant for work of hmited range and
i the field of sport

Carbon dioxide production i underwater work remaimns almost com
pletely uninvestigated

Measurements of pulmonary ventilation m trained underwater swimmers
yield values below those anticipated for the associated rates of wark, and
elevated carbon dioxide levels appear to be a direct consequence of this
discrepancy Nerther thesc observations nor the apparent further depression
of ventilation dunng work at depth and with certain breathing media have
been explained adequately Low tesg y rates and large tidal volumes
are charactenstic of tramed underwater but ther sigmfi m
terms of the efficiency of respuration has not been established

Study of the physiology of underwater exercise can mvolve unusual
problems of equi and mst 1on, but many important questions
are well within the capabiliies of many
vast increase in underwater activity, notat
add considerable impetus to mvestigation « .
field The answers, when found, should not only assist man’s penetration of
the underwater world but should also prove of value on the playing fields, 1
the hosputals, and as an addition to physiological understanding as a whole

DIVING AND FITNESS?

If the term fitness 15 used 1n a broad sense, 1t has two pnncipal aspects 12
connection with diving an induadual s ability to engage i diving 10 the
first place, and the cffect of diving on his physical status Both of these, 1
turn have numerous ramfications

Frrness ror Diving

In deciding whether a person 1s * qualified * to take up diving or not, four
man pomts deserve consideration Ius basic physical condition, hus actual
strength and endurance, hus motivation and other psychologrcal factorsy
and his ability to handle himsclf in the water

# The opuions or assettions contamed hicrein are those of the authors and are not 0 IZ:
cox;srrucd as officual or reflecting the views of the Navy Department or of the Naval Seri
at large
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From the sather strctly medical standpoint, the main physical requre
ments of diving are (1) ability to equalize pressure 1n the body’s air spaces,
ang {2} basic capabihty for doing hard work The former mvolves freedom
from ear or upper respiratory conditions that could mterfere with equal
zation of the middle ears and sinuses or that might be aggravated by the
pressute changes associated with diving The Iungs should be free of ewt
dence of any disease that might concevably lead to trapping of air duning
ascent Capability for dong hard work requues not only freedom from
diseases of the lungs, heart, and blood vessels but also a normal musculo
sheletal system and absence of any condition adversely affected by exercise
Less often an 1ssue but no less important s freedom from any condition that
might cause or compl d TIike oxygen p e
or decompression sickness

The Navy has rather stuct physical standards for the selection of divers
{(47) In addition to speafying disquahfying defects of medical history and
examination, these mmpose an age mit of 30 for imtal assignment to
diving tramming and of 4o as the normal it for continuahion of diving
duty Candidates are also required to demonstrate their ability to equalize
pressure (to o pounds per square inch) and to breathe oxygen (at rest for
30 minutes at pressure equivalent to a depth of 6o feet) n a recompression
chamber Although 1t 15 rather uncommon for mdwiduals already on active
duty and volunteenng for diving traming to be found wanting, some of the
Navy standards may be too strngent for practical application to cwiltan
spost divers An approach that 1s perhaps more practical for civilian purposes
1s presented 1n The Science of Skin and SCUBA Dning (12) Thus presen
' T nedical Tustory form for the

findings and impression s on

The psychological aspects of fitness are perhaps the most difficult to assess
and to do anything about Some of the pessonality types attracted by div
g, especially as a sport, scem the least Iikely to be safe dwvers or reliable
diving partners Unfortunately, these are also the least hikely to be dissuaded
by a physician or physical director who senses their recklessness or emo
tional mstability

Errects oF Diving oN Friness

‘The cffccts of diving on Fitness can be summanzed very bnefly Although
under certain conditions diving can be very strenuous, 1t alone 1s unlikely to
bnng about 2 lugh degree of fitness A Linited number of muscles are used
m diving—for example, the arms may be scarcely used at all Moreoser, few
people engage 1n dwing often enough or vigorously enough to elevate fit
ness markedly Consequently, as an important safety measure, 1t 18 recom
mended that indvidual d in diving a ble level of
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fitness by mcans of regular programs of exercise, including such actwvities 35
weight hfting and other strength actvities and runming games, handball
squash and other “wind” activities
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Fatigue and Physical Fulne

SUMMARY

No attempt 1s made mn thus chapter to define fatigue, but some of iis ma
festations will be described There 15 at least one common feature amo!
these manifestations whateyer the type of fatigue—a disturbed balance b
tween wear and reparr Attention will be directed to the factors wiich offe
the capacity of man and dog for work and the fatigue associated with ¢
hausting work of short or long duration In races of short duration, poi
speeds are reached at about 100 meters but fatigue assocuated with hit
lactic acid concentration n the blood prevents this rate from being mat
tamned for more than d few seconds In this sort of actnaity, energy resen
are used that do not require oxygen An oxygen debt 15 contracted whic
18 pad off by oxidative reactions m recoy

As the duration of vork wncreases, the rate falls off and a larger and larg
portion of the energy 15 supplied directly by oxudatwve reactions Fatigue t
vohes depletion of the most effcient fuel, carbohydrate, and may dlso &
yolve breakdown because of high body temperature Fitness depends 0
efficiency, s ¢, a mummum of wasted effort, and also on a hugh capacity of th

sh y latory systems for pplying oxygen to tissues

It s sigmificant that the President’s Couneil on Youth Fitness recomment
more research designed to assess the need for youth fitness and to [Jrﬂﬂd”
yardstick for fitness progress

INTRODUCTION

Fatigue 15 2 common effect of exercise It 15 always expenenced after €
hausting exercise Yet, we all know that the fatigue caused by 2 omete
dash differs greatly from that caused by a 10-mile walk Hence, msmd]o
trying to describe in general terms the nature of fatigue, 1t 1s much smp e
to descnbe the spearfic mamfestations of fatigue 1 exercise of short an¢

384
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long duration and of high, medium, and low wtensity. We shall see at least
one charactenstic 1 common  a disturbance m balance between wear and
repair

It may help to understand the varying nature of fatigue by refernng to a
concept used 1n toxicology, that of Ct In this expression, C 15 the con
centration of the toxic vapor and £ 15 the duration of exposure The product
Ct 15 constant or nearly so for 4 wide range of concentration and of duration
of exposure For example, if we double the concentration and halve the
duration of exposure, the tovc effect will be the same The same concept
can be appled, mn a rough quantitative sense, to lar work the
capacity for work and the fatigue mnduced by 1t are related to 1ts mtensity
and duration At one extreme 15 the 6o meter dash lasting about five seconds
and at the other, a day’s labor m heavy mdustry which, with overtime, may
last for twelse hours In the first example, the work 1s accomplished with the
teserves of oxygen i the blood and lungs plus the body’s resources of
anaerobic energy In the second, the work must be entirely aerobic Between
these two extremes are found activities i which the energy 15 supphed
partly by aerobic, partly by anaerobic reaction In simpler terms work of
long duration depends on the oxidation of carbohydrate or fat while intense
work of short duration can be accomplished wathout oxmdatne reachions,
these take place dunng recovery

FATIGUE IN EXHAUSTING EXERCISE
OF SHORT DURATION

Maximar Rate or Enercy Ourpur

In bursts of all out exercise, man reaches his maumal rate of energy out
put wathm a few seconds and can mamtam ths rate for twenty or thirty
seconds Thereafter, the rate falls of As wall be seen m Table 20 1, based on
records published 1n the World Almanac (29) the rate m the fastest zoo-
meter run 15 g go meters per second and m the 4oo-meter run, 8 73 meters
per second

‘Why 15 1t impossible even for a champion to run further than 200 or 300
meters at g go meters per second? There 15 no sumple, complete explanation,
but this much 1s well known when the store of chemical energy that can
be transformed without osygen 15 exhausted, mascles come to a standstill
But there 15 more to the explanation than this a large number of facts must
be taken mnto account The phenomenon of tetanic contrachion scen
1solated ner e muscle preparations s charactenzed by a penod of sustained
performance that may last for minutes or even hours depending on the
frequency of stimulation Escntually, performance begmns to dechne but
does not fall to zcro for some hme Carrying over these observations to the
case of the champion spnnter, we can assume that he reaches the pomt of
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TaBLe 201 Runming Records for Man

Distance Record Rate
meters mm sec m /sec
60 66 909
100 102 980
200 202 990
400 458 873
800 1 466 752
1,500 3 418 676
2,000 5 70 651
5000 13 512 602
10,000 28 542 577
15000 44 516 557
20,000 59 517 557
25000 79 18 526
30000 95 238 524

Source  World Almanac 1956 (29) The
60 meter record was estabhshed mdoors alf others
are outdoor runs

decreasing performance n about 20 to 30 seconds He has not exhausted
Tus reserves of anerobic energy, but he has reached the it beyond “hxci\
these resenves cannot be transformed mnto mechanical energy at the pea
rate

Lessons rrovi CovparaTivE Privstorocy

Physiologists hase learned much about exercise in man by compansons of
the capabihities and performances of other species Man 15 slow as compared
with some of lus four legged friends—notably the dog and the horse ‘These
four legged runners can run much faster than man The gre}hound, for
example, can run for 400 meters at 166 meters per second—two thirds
faster than man’s top specd mn the 2c0-meter race While a full explanaton
cannot be given, the gieyhound has the following advantages

The effort 1s divided between four legs a larger fraction of the body 1s engaged
wn useful work than m man

The greyhound s body 15 parallel to the ground and hence the resistantt
offered by air 15 less per umt of body weight than m man od

The greyhound, per umit of body weight, has a larger heart and lasger blo
volume than man On this account, his capacity for transporting onges ¥
greater than man's

The heart rate of the greyhound can increase from 6o to 300, a factor of 5
Man can increase his from 6o to 180, a factor of 3 The rclative abilibies 10 m
crease cardiac output probably are i the same proportion

e
Tund. lly, the ch 1 reactions Ived 1n 1 c\cms{c ::o-
much the same in dogs as 1n man  the differences are anatomical and fu
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tional, not biochemical For example, n both dog and man lactic acd
reaches high levels in intense exercise of short duration

Lacnic Aco

‘What 15 the sigmficance of the accumulation of lactic actd 1n bursts of all
out exercise? Years ago, lactic acid accumulation was thought to be an mdex
to fatigue with recovery going handin hand with removal of lactic acd
‘We now realize that recovery 1s more complicated than this For one thing,
it appears that the oxygen debt contracted dunng anaerobic work 1s re
paid by two processes One of these 1s rapid and does not 1molve the re
moval of lactic ad The other, mvolving removal of lactic ad 15 much
slower Margana and associates (19) have called these components the
alactacid and the lactacid debts, respectively It was concluded from their
work that the alactacid debt 1s incurred m all forms of exercise and that m a
man of ordmary size 1t can reach a level equivalent to 2 5 hters of ovigen
No Iactacid debt 15 ncurred m hight or even moderate exercise In walling
or unning for example, the metabolic rate may be increased four or five
times before any lactacid debt 15 incurred These conclusions are summa
nzed in Fig z0 1, based on a large senes of observations on a distance runner
weighmg about 65 kg He ran for from seven to ten minutes at vanous rates
and grades

debt was directly proportional to

wctacid debt was contracted after
- 5 liters per minute, or two thirds
ctacid debt increased

s maximum attam

Studes of the rat; of movement of lactic acid n and out of red cells have
thrown new light on the process of contracting and paying the oaygen debt
In the first approach made to this problem by Dill and associates (10) a
man 1an to exhaustion m 4o seconds on the treadnull and then jumped onto
acot As quickly as possible, usually within 10-15 seconds of the end of work,
the first of a sertes of samples of blood was drawn from Ius femoral vein By
leaving the needle mn the vemn and changing synnges, additional samples
were taken esery 15 seconds dunng the first two mimutes and less often
duming the nest ten munutes Each sample was cooled w e wathm 20
seconds, its temperature could be lowered almost to the freezing pomnt
For the first five minutes, the concentiation of lactate i plasma remaimed
constant The concentration n red cells and hence m whole blood rose
dunmg this peniod These results made st evident that lactate diffuses slowly
from plasma 1nto red cells Since at the end of the jo-second run the con
centration of lactate 1n the extracellular fluid bathing muscle cells must have
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This obsenation and deduction led Johnson, Ldwards, Dill, and Wilson
{17} to study the rate of movement of lactate from plasma mto sed cells i3
+itr6 Venous bloed was drawn 1nto a tube contating hepann and cooled
to about 4°C The plasma, sepatated by centnfuging, was drawn into a0
other tube under o} and enough lachic acid was added to brng the con
centration near that found after severe exercise The plasma wath admued
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T1e 201 Alactacid and lactacid debts after exer
cise yaryng in mtensity and duration In this tramed
runnier the size of the alactacid debt 15 proportional
to the oxygen intake and amounts o about = § hiers
at the highest level of exercise There 15 na aceumu
lotion of lactic acd until the oxygen mtake reaches
2 hters per munute The maxmum lactacsd debt 15
about 5 liters

Iactate was then brought to the temperature of the cells and rapid mwing
was effected this was completed m less than 20 scconds Portions of the
mned sample were drawn off from time to time and rapidly cooled to the
freczing pont after which cells and plasma were separated by centrifugd
ton Analyses of the plasma and of the mined whole blood were camed out
for lactate, chlonde, brearbonate, and other components The rcsuhs, xc,

lactate distnbution between cells and plasma in vivo dunng the first fow
mmutes after a short bout of exhatsting exercise b
These observahions on man and on human blood have not recened mué
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attention from comparative physiologists It would be interesting to study
these phenomena m ammals, mcluding poikilotherms Is lactate equally
slow i attaiming equlibnum between the red cells and plasma of other
mammals and of other classes of ammals? Is there any lag i the movement
of lactate from muscle cells mnto extracellular flmd? The advantage of usmg
potkilotherms 15 that exercise could be carrted out at low temperatures, the
expenmenter would thus have more ttme to measute the rate of diffusion
of lactate That the anaerobic production of lactate occurs 1 strenuously
exercising fishes has been demonstrated by Black (4} Six speces, after
exercise of 15 minutes at 11 5 to 12°C, had blood lactates ranging from .4
mulliequivalents per liter in the northern black catfish to 13 1n the chub Ina
large crocedsle some hours after capture, Dill and Edwards (7) found that
the blood lactate reached 22 milhequivalents per hter

Supimary Exnavsting Work oF SHORT DURATION

Some of the outstanding features of the fatigue resulting from all-out
exercise lasting one minute or less are as follows

The lactacid debt 1s paid about one twentieth as fast the time required 15
about 1% hours

‘There 15 also an increase n the resting oaygen consumphion this 1s not a debt
m the ordinary sense of the word

Dhffusien of lactate 1s rapid from the tissue cells producing 1t mto blood
plasma and from thence to less actiwe muscles it moves slowly mto and out of
red blood cells

FATIGUE OF LXHAUSTING EXERCISE IN WHICH
ENERGY EXPENDITURE IS ONLY
PARTIALLY ANAEROBIC

We have seen that the athlete who excels n spnats can mamntain maxt
mum speed for 200 meters, but not for 400 meters The tecord 1ate
falls off from g go m /sec 1 the zoo meter race to 602 mn the 5000 meter
race This transition phase extends from the spnnts, which are largely
anaerobc, to the distance runs, which are almost wholly acrobic

v
seconds, amo;nts to 400 ml /sec when expressed m equuvalent oxygen
consumption If the runner “warms up,’ lus oxygen mtake may average 30
liters per munute or 5o mi/sec dunng the race Based on these assump
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tions, the rates of enetgy transformation duning the race expressed m equiv
alent oxygen consumption are as follows

Total 450 ml /sec 100
Aerobic 50 ml /sec 11
Anaerobic 400 m! /sec 89

The athlete who excels i running long distances can attan an un
usually high 1ate of oxygen consumption Several mvestigators, g, Robin
son, Edwards, and Dl (24), have reported values 1 excess of five lters of
oxygen per mmute On October 23, 1954, Vladimir Kuc of the USSR
established a world s record in the scoo meter run of 13 mnutes, 512 &
onds (29) Let us assume that hie ended with an oaygen debt of 8 Iiters and
that this mean oxygen consumption dunng the race was 5.4 1/mm Based
on these assumptions, the ratcs of energy transformation dunng that record
un were as follows

Total 100 ml /sec 1009
Aerobic 90 ml /sec 90
Angerobic 10ml /sec 10

While the above estimates are approsimate, they gie us a good 1dea of
the contrast i sources of energy under these two conditions mn a 20-second
race, the source 1s 8/oth anaerobic, while in the long distance run, it 15
9/10th aerobic The assumptions supporting the above calculations ar
based on mcomplete data We do not know, for example, the total 0vge?
debt contracted by champion spunters and runners i therr peak perform
ances This problem deserves further study

What difference 1s there between the fatigue expenenced when exhaus
tion 1s reached mn go seconds and the fatigue of a 10- or 15 minufe race? 1n
the short race, little of the lactic acid produced 1n the working muscles has
time to reach the blood stream, after the race 1 over, blood lactate con
tinucs to nise for several mmutes In the long race, there 15 time for the Jactic
acid to move to all tissues and so the total amount accumulated may be
larger than m the short race The rates of oxygen consumption and of car

" 1 T I . v 11a that

v ‘e - . -
minutes duration By the time these debts are pad, the resting Jevel of
oxygen consumpkion 15 attained after dashes, but not after long runs A
pointed out previously, after long peniods of excraise, even when the lactacid
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and alactacid debts have been pad, the level of oxygen consumption some
times 15 elevated for hours It scems that there 15 more wear and tear of
body tissues m the long races—eatra oxygen 15 required for restoring body
tissues and reversing the processes of wear and tear

AEROBIC WORK

Tue Fuers Usep

‘What fuels, 1€, what proportions of fat, carbohydrate, and protemn, are
used m aerobic work? What relations exist between the reserves of these
fuels and work performance? Is there a preferred fuel m aerobie work? Is
there a hmit to the rate of mobilization and utilization of the available fuels
other than that set by the supply of oxygen? And what Iight 1s cast on the
phenomenon of fatigue by the answers to these questions?

Fist of all, protein as a fuel can be eliminated from constderation This 1s
the only one of the thrce fuels mtrogen Carbohydrate and fat
contam no mitrogen while all protemns contam about 16 percent mtrogen
Since nearly all this nitrogen 15 eliminated 1 the unne, analysis of 2.4 hour
urme samples gives a measure of protein metabohsm Physiologusts long ago
found that the amount of mitrogen excreted, chiefly as urea, depends on the
protein mtake and has almost no relation to the amount of exercise

The fuels of aerobic muscular activity must be therefore carbohydrate,
fat, or a mnture of them The combustion of fat, whether 1n the body or the
calorimeter, 15 associated with a ratio of carbon dioude produced to oxygen
used of o7 The corresponding ratio for carbohydrate 1s 1 0 When com
bustion oceurs i the body, the ratio of carbon diocude produced to oxygen
used 15 called the resprratory quotient (R Q) Its value 1s ascertamed by
collection and analyss of expired air Expired air collected while lactic acd
15 accumulating has an R Q above that corresponding to fuel oxidation and
the RQ 15 correspondingly low n air collected while lactic acid 1s being
removed Hence, 1n order to mterpret directly the RQ 1n terms of used
fuels, 1t 15 best to determine 1t when a steady state has been attamed
Tespect to lactic acid level Under these circumstances, 1t 1s found that the
RQ 1 easy work 1s about 08, 1¢, the same as m rest As the mtensity of
the work mcreascs, the R O approaches unity In other words carbohydrate
15 the preferred fuel of strenuous muscularacts ity

Work PerrorMANCE AND THE Furrs Usep
The relation between the xesenes of fat and of carbohydrate and work

e has been d d 1N CAEICISE EXP m man and 1n
dogs Balke and hus associates (1) have found that i work calling for about
% ths the ble ovygen ption, cxhaustion 1s reached
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1n from 30 to 60 nunutes Lactic acid docs not reach a high level, but blood
sugar drops Balke interprets his expeniments as proof that fat cannot be
mobulized fast enough for such work and that exhaustion depends on the
depletion of available carbohydrate At lower mtensihes of work, Dill,
Edwards, and De Mezo (8) have found that fat can be mobilized and work
can be continued after the RQ has dropped to 0 73, at which level the fuel
1s go percent fat In one such expenment, we observed the R Q and blood
sugar durmg a penod of 24 hours, ncluding four bouts of work, each lasting
two hours The subject began m the fasting state and had nothing to eat
until the expenment was concluded The mean R Qs i the successive four
work penods were 084, 079, 078, and 073 We also were mterested 1n
learning to what extent the njection of adrcnalme mfluences carbohydrate
utibzation The results, shown n Table 2o 2 and illustrated n Fig 202,

TasLe 202 Influence of Adrenaline on Carbohydrate Utilization

Cartbohydrate Used, g
In Each 2 hr Work Penod

Expenment 1 e It v Totl

Contral 87 70 68 21 26
Cantral 92 6 57 2 Ul
Cantrol 93 6l st 13 20

Mean of controls 91 66 58 19 i
Adrenaline 9s 107+ 107 37 36
Increment 1n carbohydrate used 41 49 18
Adrenaline 88 og o7 32 3
Increment m carbohydrate used 32 39
Adrenaline 97 w2 o W
Increment in carbohndrate used 8 4 10
100 grams glucose each pertod 122 126 116 93 57

2 Adrenalme wtramuscularly, L mg after 16 hour of work
Adrenalime mtramuscularly 05 mg after 15 hour of work

proved that adrenaline mcrcased the rate of utihization of carbohydrate and

tesulted 1 a total uhhization 1 the work penods of from 262 to 3468 3

compared with 220 t0 246 g 1n the control expenments In another type

of expenment, Chnstensen (5) has shown that when the carbohy drate

miahe 15 Yugh, the capacity for work performance on the bicycle tgomcet

low catbohydrate diet

worh of a grade which

- Dreakdown becanse of

stiff and sore jounts On a hugh fat dict with other conditions unchanged:

exhaustion forced a halt after 9o minutes of work Hypoglycemia and sub

jectrve sensations indicated that the demand for carbohydrate had become

acute The administration of glucose brought relict promptly, withi a few
minutes the subject was able to resume work
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Fic 202 Respiratory quotient (RQ} w relaton to adrenaline smections
;nl;x trained athiete In dll expersments percods of rest alternated with work as
ollows

Rest 15hrs Wark 20hrs  Rest 135 hrs
Work 20l Rest 1okrs Work 20k
Rest 1ohis Work 20hrs  Rest 20 his

The heavy lme represents control expenments During the expenditure of
5000 calones of reserve energy the RQ tn work drops fo about 073 In the
early work penads the mercase .n R Q after adsenaline 1s large n the final work
percad, siafl

Wors Perrosaaxce oF Docs

Obsenabians on the tapacity of dogs for running on the treadmill bear
out the same prnciples Our dog Joe, for mne years an active member of the
staff of the Fatigue Laboratory Joved to run on our motordmen tread
it If 1t was started when he was withis beanng, he mshed to o, jumped
on, and ran until exhawsted In one senes of expentments reported by Dil,
Ldwards, and Talbott {g), the sun began cther after a 36 hours fast or 1
hour after 2 heavy carbobydrate meal Jiz the Srst case, no food was gnen
and exeraise was carned on to exhaustion, i the second case, fucl i the
form of a glucose sucrose candy was supphed at intenals In cach case, the
schedule called for =5 munute runs with mtenening perods of 5 mmnutes
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for drawing blood, observing rectal temperature, supplying water, and m
some cascs, fucl The dog ran so minutes of each hour, putting out 1n each
of these expeniments 142 hilogram meters (kg-m.) of energy per kilogram
(Ag ) of body weight per mihute

The energy output has been calculated from the data of Slowstoff {25)
He found that the energy requirement for running on an inchined treadmill
may be resobved into honzontal and vertical components For dogs weighing
12 to 14 kg, the honzontal component for each kg of body weight 15 064
Ag m per hincar meter, and the sertical component, 292 hg m per lmear
meter through which hus body 1s raised

Under these conditions the best performance recorded in Fig 20 3 when
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working without fuel was a run of s1x and a2 half houre tn ramnlete evhats

B
U eaen case, the rectal temperature remained between 39° and 40°C and
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blood lactic acid concentration remamed near the resting level Exhaustion
came from depleted fuel s the sz and a half hour run The adsunistration
of easily avaddable fuet i the 13 hour rn resulied n twice the output of
energy without exhaustion at the end and with the bloog sugar Jevel mam
tamned at or above the resting level The total energy ontputs 1 these two
cases were 46,150 kg m and 92,300 kg m per kg of body weight, respec-
tively

Two other expenments, not ilustrated 1 Fig 203, may be weferred to
brefly With the treadmil running at the same rate, our sccond dog, with
fuel supplied, ran for mne hours By that time, she was becommg tired and
her temperature had nsen to 421 3°C The rate was decreased to 92 meters
per muntte, wath the result that rectal temperatuze soon returned to normal
and she was able to run easily for 15 more hours At the erd of 24 hours,
she was not exhausted despite an energy output per hg of body weight of
64,000 kg m dunng the first ¢ houss and 79,000 kg m duning the succeed
mg 15 houss, a total of 143,000 kg m In the otlier expenment, detatled m
Table 20 3, Joe was used as a subject with the sate of work output oue fourth
greater than m the expenments of Fig 203 This ingher rate of word output,
176 kg m per nunute, 15 approxmately the same as that which Rice and

Tapig 203 Record of a 17 Hour Run

Temperature Intake Blood
Tine Room Rectal  Water Fuel  Sugar
(hr) Rematls {°Ccy () m g mg/100 m
9 Start 155 387 - - -
-1 — 150 395 ) 40 —~
12— M7 395 250 40 1nz
2-3 ~ 1558 396 180 40 13]
344 — 158 397 30 40 —
4-5  Defecated 160 398 70 40 127
5-6 Refuscd candy 156 399 270 0 132
67 Unnated 148 308 120 40 —
7-§  Defecated 148 398 30 40 120
89 — 140 97 180 20 i1
9-10 — 129 396 50 20 —
10-11 — 157 00 105 20 107
11-12 Refused candy 344 396 215 [ —
12-13 Refused candy 136 400 100 4 103

13-14 Glucose by stomach tube 136 398 95 42 —
14-15 Glucose by stomach tube 134 397 355 50 94
15-16 Refused candy 10 397 100 ¢ —
16-17 Tited but not exhausted 137 3935 e 0 g1

Note  Energy cutput 176 kg m per nunute per g of body weight, 2 5 minute rest
Penod cach balk houe was used for makang obsen abons and supplying water and fuct
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Stewnhaus (23) used Under their expenimental conditions, their dogs rarely
ran continuously for 30 minutes Joe, n thus case, ran for 17 hours with fuel
supplied and was not exhausted at the end The total work output was
150,000 kg m The distance covered was 132 km and the height of the
chimb was 23 km, about 234 times the height of Mount Esercst

TEMPERATURE REGULATION

‘We are not concerned with temperature regulation m this chapter, but
the limitation placed on performance bv mability to heep body temperature
within comfortable limits must be hept in mind Ths 1s particularly true of
excreise experiments on dogs They have such a high capacity for trans:
forming fuels that even at ordinary room temperature their exhaustion may
come about directly as a result of hugh body temperature At very high ex
temnal temperatures Dill, Bock, and Edwards (6) found that they may be
unable to heep pace with man

MoperaTE AND Licnt WoORK

Books have been written about fatigue associated wath the ordmnary day’s
work In ndustry, this may mnvolve a rate of calonc expenditure of three to
five times the resting level Tn sedentary work, it may average no mor¢ than
twice the resting value So long as health 1s good, meals adequate, sleep
sufficient, and ' N ° e
taken 1n stnde
ofenergyataf. . ... Low o.n Gay 1 LG ravieey sewge
followed by work 1n the garden, by strenuous games, or by dancing The
policy i many ndustnes of encouraging sports among thar workmen
would receive little support 1f the day’s work produced physical exhaustion
Classical methods for studymg physical exercise have not been particularly
fruntful 1n this field The fatigue of the factory worker cannot be defined 11
terms of lactic acid, alkaline reserve, hydrogen 10n concentration, hemo
globin, or ‘toxin " The problem 15 too subtle to yield to the physiologits
measurements of pulse rate, blood pressure, respiration, and carculation 100
do the sensory tests used by psychologists gne complete satisfaction The
degree to which the social environment affects performance m light 1
dustnal worl has been studied by Mayo (20)

Sumriary  AeroBic Work

The fuels used 1n muscular actruity are carbohydrate and fat In modcrate
work, both are uscd, at the ghest levels of aerobic work, the fuel 18 P©
dommantly carbohydrate Fatigue may be caused by exhaustion of carbohy
drate reserves accompanied by depletion of blood sugar Failore of temper?
ture regulation may cause a breahdown when caternal temperatufes are
high, expecially if the rate of cnergy exchange 1s Iugh Lactic aoid does not
crease n the blood in hight or moderate work
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PHYSICAL FITNESS

InterpereNnENCE oF FATIGUE anD Friness

In strenuous physical exercise, the degree of fatigue expenenced depends
on the state of fitness If a group of men, for example, chimb a halt oz rua on
a treadmull at the same pace, they can be differentiated by absenations on
heart rate, respuatory rate, and blood lactate Such a quantiatne study of
pesformance was made by Dill, Tatbott, and Edwards (11) In a zo-nunate
run on the treadmall, heart rate vaned from 2132 to 180 respuatory mmute
volume fiom 50 to 8o hters per munute, and mcreases m blood lactate
from o 8 to § 9 milhequnalents per hiter

Friness Tests

Thus topre 1s dear to the heart of physical educators The number of ftaess
tests 1s legion Rather than entening this controversial ficld, reference will
be made to a number of valuable \vmbmc studies, many of which remain

blished A graduate student d m this field mght well analyze
these reports, most of which can be obtained from the specnﬁEd military
sources given 1 the bibhography

Phallips {22) has xcported a low but sigmficant posiwve correlation be
fween the thiee clements of the JCR test (jump, chin, run) and success in
pumary and advenced trainmg Thete was na correlatian Between the
Schoesder test score and success in pnmary and adyanced tramng

Graybied and West {15) hase measured physical Stness by “camposite,”
“step,” and pack tests With few cxceptions, the physical fitness of eater
ng students was hugh All had passed a screeming examnation designed to
exclude those not meeting prescnbed physivlogical and psychologieal stand
ards Among those who were approved for flight tramng, no velation was
found between physical fitness and fight performance It was concluded

that 1t 1 app Iy 3 to supenor Jevels of physical
fitness durmg the traming stages camparable studics of fitness 1n relabon to
combat were Tec ded Encksan and associates (13)

d the uscfulness of the drill as 2 Hed work-output

device i many situations, especiaily m precise evaluation of physical fitness
C Taylor and Franzen (27) desenbed the * Taylor" treadmull test of work
capacity It cansists of an mbial vun of 1 nunute on a § percent grade at 162
sucters per minute Lach nunute the grade is raised 1 percent untl the sub-
ject stops from exhaustion ‘The scorc 15 the total work output Ths test
15 only practiced in the laboratory, the same seport mcludes explotatory
studies of submaxsal tests but no defimtine recommendationt was made
This repost contans an extensne ibhography H L Taylar and associates
(26,28} found that subyects kept in bed for three seeks lost 15 5 percent in
plasma solume while redcell volome emamed unchanged. Blood val-
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ume decreased g 3 percent The first week of recondiboning resulted 1n an
increase 1n plasma volume but a decrease m red cell volume Dunng the
subsequent five weels’ reconditioning, the blood volume and the red cell
volume were restored There were major evidences of detenoration i fit
ness dunng three weeks’ bed rest Pulse rates in moderate work ranged
from 121 to 134 before bed rest and from 162 to 181 at the end of thice
weeks m bed, the mean increase being 45 beats per minute This comre
sponds to a drop from a good to a poor fitness score The report 1ncludes 2
valuable bibliography of 22 references
Kark and associates (18) uscd the Harvard step test and pack test in tropt
cal and temperate field studies to evaluate fitness among troops the
United States, Canada, the Pacific, and India Analysis of the relations be
tween 1ndividual clinical stigmata and biochemical measurements and be
tween mdividual chinical stigmata and physical fitness scores revealed few
sigmificantly positive correlations Such correlations as existed had no ap
parent physological cxplanation No support 15 given to the proponents of
a large intake of vitamin or a low intake of amimal protemn
Eichna, Bean, and Ashe (12) cvaluated the fitness of a group of 125 €8
Listed volunteers by the AGF and AAF tests, the Navy step test, and the H,ai
vard step test None of these tests 15 1deal, motwvation—the will todo’—
may be an exclusive determinant of fitness as scored by any one of these tests
The authors consider that an officer who has worked with and knows Tus
men 1s better able to evaluate their fitness than any fitness test yet devised
Men stnive to attain better scores on repeated testing, the competition thos
aroused 1s an mcentive to improve fitness W B Bean and 11 associates (2)
employed five methods for measunng the acceptabihty and adequacy of
rations
Questionnaires
Calorie mtake and consumption of indnidual tems
Food wastage
Physical fitness by
AGF battery of tests
AAF battery of tests
Hanard step test
Appraisal by platoon and company commanders
Esaluation of nutntional state by
Climcal examination
Biochemmcal measurements
The following essential conditions were met
Enough subjects for valid results—a battalion of 827 men
plus officers
Enough time for vahd results—g weeks 1solation
d and

P testing p
Mihitary training resembling combat
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Sigmficant conclusions were

Medical status No vitamm deficiency disease appeared General health was
excellent No ration imposed any physiological handicap
Biochermical status Within the limits of time of this test, vanations obsened

- v
of ration The only possible conclusion 15 that all of the rations when caten
under the circumstances of this test were adequate for maintenance of physical
fitness and actnaty for troops i arduous traming

This report contams the greatest body of relable disersified data on physi
cal fitness of troops dunng traming Incidentally, the study is a sigmificant
contnbution to high altitude physiclogy The troops had been previously
conditioned at Camp Carson, 6100 feet The studv itself was conducted at
altitudes ranging from 8700 to gooo feet

In a later report, Bean and associates (2) cntically reviewed the AGF and
AAF battenes of tests, the Hanard step test, and the Navy step test, all of
which were employed 1n numerous investigations m their laboratorv, now
called the US Army Medical Research Laboratory They reached the fol
lowing conclusions

None of the tests 1s satisfactory for discnmmating among degrees of m
dwvidual fitness Thas fault anses from

Failure to test chief components of fitness

Inadequate sconng system

Abnormal distrib of pert h t and/or score

Lack of reproducibility

Inability to control or measure motivation

Inequahty of stress on all subjects

Failure to consider physiol I cost or poste d

Presence of test components where readily acquired shills permit subjects to
“ beat the test’

Farlure to consider environment or physique in scorng svstems

On the other hand, 1t was concluded that

Several of the tests are sahsfactory as gross measures of fitness and permut satus-
factory companson of groups

A battery of fitness tests gines a better measure than a single test

Performance tests, when competition 15 arcused, senve as incentines to mprove
fitness

The authors further concluded that expenenced line and noncommussioned
afficers, famihar with theis men, can appratse fitness as welt or better than 1s
done by custing fitness tests They recommended that a far reaching pro-
gram of basic investigation m physical fitness and reliable methods for test
1ng be included m the plan for postwar medical rescarch for the Army
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Frrvess oF AmtericaN Youtn

1f one judges by health and hfe cxpectancy, the Amencan youth is more
fit physically than ever before If onc judges by certain physical fitness tests,
our boys and girls are woefully unfit The pros and cons were weighed n the
US News and World Report for August 2, 1957 (16) It docs appear that
many of our youth are softer than ever before and that this reflects over
attention to highly organized sports for the few and failurc to provide phyn
cal trammg and sports for the many who are not of first team caliber This
Tast topic was gnen forceful attention recently by Morns (21) The Prest
dent’s Council on Youth Fitness has held two conferences on the fitness of
Amencan Youth, the first at Annapolis m June, 1956, and the second st
‘West Pomnt 1 September, 1957 (14) Among the recommendations of the
second conference were several dealing with research In particular, 1t was
recommended that mmediate concentrated rescarch be directed towards

Scicntific testing and evaluating of human fitness, with 2 view to developing
simple but cffectne methods and standards for general usc w measunng
fitness

Measuring on a scieatific basis the contubution of vanious sports, excreses, and
activitics to the development and maintenance of fitness of the whole mdnid
ual as well as m particular elements for both sexes at different age lnvels

Duscovermg the reasons for lack of participation i effectne youth fitness pro-
grams and the factors which motnate chuldren 15 well as pareats to partics
pate

Making an mentory of facihties and appraising their use for youth fitness pro-
grams

Assessing of tramed personnel and development of mcthods for enlisting and
trming necessary additional leadershup
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Training

SUMMARY

Many physiological responses are altered by tratming In generdl the im
provement m each bodily system 15 of the order of 25 percent or less, but
when taken together all the effects may result m an unprovement of total
performance which may be as gl as 100 percent and occurs m both the
magnitude and duration of the work which can be done The following 1s a
Iist of changes produced by tratming which have thus far been studied

Increased strength of the muscles and rmproved neuromuscular coordt
nation

Greater h { effi as d 1n terms of lower oxygen con
sumption for a giyen amount of work

M

3 Greater maximum ox) gen consumption

4 A higher maximum cardiac output with less wcrease i pulse rate and
blood pressure dunng submaximal exercise

5 More economucal ventilation during eertion, and a greater maximum
pulmonary yentilation

6 Lower blood lactate for @ gnen amount of exercise, 1 e, capacity to per
form more work aerobically, and ability to push self to a hgher blood
lactate before exhaustion, 1 ¢, capacity to perform more work anaerob:
cally

7 Quicker recovery s pulse rate and blood pressure after submaxumal
exercise

8 Better heat dissipation during submaximal exertion

INTRODUGTION

People who evercise regularly are capable of greater efforts and resist
fatigue better than sedentary mndniduals Progressive changes take place
403
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many physiological functions and through these processes of adaptation,
known as traiming, the ability to do muscular work improves Understanding
of what happens durng tramning 1s one of the fundamental problems of th
physiology of exercise Information has been obtamned by companng th
physologrcal reactions to exercise of trained athletes and untramed mdiic
uals This method shows how various degrees of efficiency are achies ed'b

to the phystological functions sho“mg the mostuulnp:))rtant changes as a 1t
sult of traming These changes will first be summanzed They all contrbut
to an increased capaaity for muscular actvity and mclude (1) greate
strength of the muscles, (2) better lar coordmation reducing th
energy requirements for a given amount of external work, (3) wmprove
cardhovascular functions leading to a better supply of oxygen to the workin
muscles and to a greater amount of blood available for heat dissipation

mtensity of conditioming excrcise specificity of tramng, and effect of wdi
widual differences

GENERAL EFFECTS OF TRAINING

EFrFEcT oF TRAINING ON THE MuscLrs

Repeated muscular work produces an mcrease m the size of the skeletd
muscles It 15 generally agreed that muscle hypertrophy 15 not due to the
formation of new fibers Fibers that are small from lack of use are present 1%
every muscle and they deselop to full size when regular exercise puts 4
greater demand upon the muscle The increase 1n size 15 accompanied by the
deselopment of more capillanies 1 the tramed muscle (10) It seems that
exercises of strength produce mostly a hypertrophy of the fibers, whereas
exerases of endurance increase the number of capillanes The mcrease 10
size of the fibers and n the number of capillaries 1s accompamed by a ga®
1 strength This 1s charactenzed (1) by the abiity to produce more power
ful contractions 1¢, gain 1n power, (2) to repeat contractions more rapudlh
1€, gam i speed, and (3) for a longer peniod of time, 1¢, gam 1 endur
ance Strength of the muscles can be developed only by exercising them
agamst gradually increasing resistance such as pulling or pushing springs
hfting weights and/or moving the body at incrcasing speed The gan »
strength 1s more strhing than the hypertrophy of the muscle 1t 15 posslble to

merease the power of museles three times or more wathout a P“’Pmmmﬂl
increase m volume
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The final result of traning on the muscles vares with the lind of exercise
performed, the degrce of repetition, speed, duration, and intensity of con
tractions Individual factors are also involved, and two subjects following the
same traiming program may not necessanly develop their muscles 1n a simular
manner Gain 1n absolute strength, that 15 the power of one contraction,
does not always mean a greater endurance A strong man such as a weight
hfter can perform work agamnst greater resistance But a man with less
powerful muscles such as a miler can produce a much greater amount of
work over a gnen penod of hme Increase in speed and endurance, which s
out of proportion with the gamn m size, suggests that the quality of muscular
contraction 1s mmprosed by tramng What takes place when traming pro
duces growth, gan m strength, and endurance in the muscles 1s not fully
understood as yet The improved vasculanzation mn the tramed muscles
makes more fuel and more oxygen available for the contraction processes
Furthermore glycogen, phosphocreatine, and myoglobin are stored and
available n larger quantities in the muscles themselves

Another factor very likely improsed by traming 15 the transmussion of the
nerve impulses to the motor units The result 15 that a gnen impulse pro
duces the simultaneous contraction of a greater number of muscle fibers so
that the muscle can be used 1n 1ts entirety wathout any 1dle fibers left and
with a maximum strength Whether the greater muscular efficiency ob-
tained by trammng 1s due pnmanly to chemical factors in the muscle, to an
1mproyed blood circulation, to 2 more efficient action of nervous impulses, or
to other causes 1s still debatable Further research 1s needed to elucidate the
mechamsms which lead to an ncrease in muscle power and endurance
through traiming

Errect or TrAINING 0N NEUROMUSCULAR COORDINATION

Traming mmproves the precision and the economy of any motion or
sequence of motions involved 1 muscular achvxt) Unnecessaty static and
dynamic muscular contractions are prog d, more pl
telaxation of the antagomist muscles 15 achies ed the motions become more
simple and more automatic because reflexes replace mn part voluntary action
The final result 15 that for a given performance a decrease n energy expend:
ture occurs which can reach one quarter of the total energy needed before
traming The greatest differences are found among begmners who have to
learn the particular motions mvolved m 2 grven exercise and have to acquire
the shill to perform them efficiently In athletes wath several years of practice
this particular effect of tramng 13 less noticeable because, even when un
traned for a new task, they possess the skill to control their motions

Quahtame and quznhtah\e information on the effect of traming on

can be ot d by using a “force platform"
such as the one designed and used by L Lauru (9) Measurcments are made
through sensing elements which are piezoelectnic quartz crystals deseloping
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a dielectne polanzation when they are compressed The compression of the
quartz crystals 15 only a few microns and forces from a fraction of an ounce to
several tons can be measured A trnangular and very ngid platform permits
the location 1n space of the vanous quartz crystals so that they can simul
taneously pick up force phenomena ansing vertically, frontally, and trans

A

Tic 211 1
senstng clement
ch;:nncl amplific .
tals 15 fed through the elect 2 2 hfication
and recording gh rometer bridges to the Sanbom for amp
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vessally These are amphified and recotded (g 22 1) Whth the subject on
the platform, the whole system 15 balanced to zero As soon as the subject
moves, the piezoclectne quartz crystals registenng (2 the three dimensions
are submutted to pressure yanations The pressure vanations are proportional
to the forces applied to the body by the neutomuscular system, and these
forces are a measure of the effort vequited to pesform a spenific evercise

Fig 232 shows a record obtamed for the thrce components ertical,
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the elements of the motion studied It 15 possible to demonstrate by this
method of analysis that, of the vanous motions capable of produaing the
same final result some require less expendtture of bodily forces than others
Tor any mechanical work performed, there 1s one motion which 15 the most
cfficient and which 1s physiologically the most economical as shown by the
lowest oxygen consumption (4) By tramung, neuromuscular coordimation
1s improved until the most cconomical motions are achicved m a gien sub
Ject Furthermore the most economucal speed for repetitive motions can be
determned It 15 the one at which the vanous muscles are functiomng with
the least force This economucal speed of repetitive motions 15 1ncreased quite
marhedly by adcquate trammg

When the vanous motions performed 1 an exercise are studied, a complex
curve 1s obtamed 1n which the amphtude of the recorded forces 1s propor
tional to the corresponding efforts As an example, Fig 213 gnes three
diagrams showing the changes that occurred in an athlete doing a broad
jump from the platform before and after trmnng The upper diagram rep-

| v g g

A 1 ] ] () E
..H,'ﬁ.mg_

e

o - - €6hy

3
X e
+
10349

o
-
Q
S J—
x
]
> P
O 2 e
10949
3
P
No3 VAR
14543

Fic 233 Tracings of the vertical component for a broad
i:;n,? ;;crfon-ned by the same subject before and dfter tran
ks]



TRAINING 409

resents the efforts that are produced before traning The jumpng effort or
“push ” agamst the platform reached 103 kg and the tracing shows, as ndi
cated by the arrows, hesitations and lack of cooordination dunng the pre
paratory motions In the second diagram the pressure of jumping ncreased
to 109 kg, leading to a better performance but coordination defects were
still present The lower diagram shows the results of further traimng The
push agamnst the platform has been increased to 145 1g, and maximum per
formance 15 reached resulting at least partially from an mproved coordma
tion and a smoother sequence of motions

Many problems 1n this field remain unsolved and few precise data are
available on what traming methods are best to improve neuromuscular
coordination and develop skl related to speafic motions used m various
linds of exercise and sports

Errect oF Traming ON THE CARDIOVASCULAR SySTEM

‘With tramning the heart becomes more efficient and 15 able to arculate
more blood while beating less frequently (6) Contraction of the heart be
comes more powetful, thus it empties atself more completely at each systole,
and stroke volume and cardiac output are mcreased For a standard amount
of work the heart rate becomes slower as traming progresses (Fig 21 4)
These heart rate changes indicate a decreasing load on the cardiovascular
adaptation to exercise Slow heart rates are observed cven at rest and 1t 1s not
exceptional for the resting pulse rate to be reduced by 10 to zo beats per
minute between the begnning and the end of a trammg period This
greater efficiency of the heart enables a larger blood flow to reach the mus
cles, msunng an increased supply of fuel and oxygen and permitting the
individual to reach hagher levels of performance

Blood pressure 15 also nfl d by traming Prol d effort 1 the un
tramed subject leads to a progressive fall of the systohic pressure which indi
cates approachmng exhaustion The appearance of thus phenomenon is greatly
retarded by traming so that heavy work can be mamntaimed for a longer ime
without appreciable change i the blood pressure (5)

Traming mproves the cardiovascular recovery processes after esercise
stops the better trained the mdividual, the sooner his heart rate and hus
blood pressure return to the pre exercise level (Fig 21 4)

Blood distnbution 1s also affected by trainimng, and although espenmental
data are still scarce the changes that occur may be as follows Tranng re
duces the amount of oxygen needed by the working muscles, and conse
quently the neccssary blood flow to these muscles 15 reduced Under these
conditions for the same cardiac output more blood remarns available for the
other organs of the body after traming than before This process may well
explam the fact that albuminuna, for example, as a consequence of heavy

E—
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exercise takes place n warm surroundings Traming mn itself improves the
capacity to exercise 1n heat because so long as less blood 1s needed by the
muscles to perform a given amount of work more blood 1s avatlable for heat
dissipation 1n the skin, and body temperature remains low er
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Errect oF TRAINING ON THE RESPIRATORY SYSTEM

oxygen consumption and carbon dionde production decrease progrcsswcly
for the same worh load to a minmmum level as trammg progresses Furﬂli'
more, at high work levels, for a given minute volume of air, oaygen ntake
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the respiratory muscles themsebves, hke the other muscles, mmprove ther
efficiency dunng trarning This process mvolves not only the duphmgm but
also all the thorcic and abdomunal muscles that are mvohed w heavy
breathmg dunng bard exerose Changes an pulmonar veatilabon per
minute are associated with a decrease an rate and an merease an depth of
breathing In the tramed subject even at vest the depth of breathung 15
greater and the respiratory rate mav faif from about twenty to about eight
breaths per munute Duning heavy sreraise the smprovements due to tam
mg aze quate stuking and the diminution of the respiratory minute « clume
can reach up to 25 pescent for a gnen work Joad

Errner oF Tranune 0% AEROBIC AND ANAERoBIC PrRromiances

Because of all these changes the amount of muscular work that can be
performed wath an adequate supply of oxigen becomes greater as traming
progresses Therefore aerobne processes of muscular contraction arte sufficent
to pexform higher Jes els of work wath httle acenmulation of Jache acsd 1n the
blood, and anaerobic processes of muscular contractions are not necessary
untid heavier exeraise 15 performed A balance between aerobie and anaerobte
processes can be mamtained i 3 steady state at a ugher level of work, vatha
constant concentration of lactic acid 1n the blood Greater mavimum efforts
can be produced because contracting an oxygen debt begins only after a
mauch higher Tevel of oxygen consumption has been reached and lactic acd
starts accumulating at a heavser word foad and buddds up less mpidly

It may also be that trammng mereases the caparady for anacrobie work The
tughest concentrations of blood lache aeid have been obsened m tramed
subjecls pushing themschies to exhaustion {13) Attempts to explan thus
phenomenon by an mereased alkalme reserve hase not been substantiated
Alteration 1 the psrusate-lactate equshibnum could account for the higher
lactate observed after trasming {8} but assummng that ugh lactse aad levels
do represent greater snacrobic work we feel that one mmportant factor m
reaching these high values s the deternunation and motnation of the mdi
vidual With traimmg he becomes more and mere aceustomed and willing to
push humself to fus hmit He progressicly leamns to endure discomfort and to
mctease the duration and tatensity of effort dunng which he utihzes hn
anacrolne capacity Therefore he succeeds n performing more anacrnine
woth and bunlds up 2 higher concentration of tachie 20d The relatnve s
portance of psychic and ph\tmlogxca] factors in reaching exhaustion
warth further i estigation

SPECIAL ASPECTS OF TRANING

Esrrers or Duratiow ano Leven or Covomonne Exerose

In addibon to the neuromuscular effect of trmng vesulting 5 fuper
ovigen Teq the b of the © Y and gty
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changes leads to more efficient transport of oxygen to the actne muscles
‘Within limts, the concentration of lactic actd 1n the blood depends on the
adequacy of oxygen transport and utihzation Consequently, taken with
other physiological cnitenia 1t can give information on the functional value of

BLOUD LACTATE mg %

20 07 £
oars

Fic 215 Progressne decrease of bloed lactate for a standard
amount of excreise runming on a treadmull at 7 m p I for 10 minutes
Dunng the first twenty days (A) traning consisted m running daty
on the treadmill for 2o minutes at 7 mph A steady level of blood
lactie acid 1s reached around 28 mg percent Dunng the following
thirty days traning 15 mcreased to runming at 8 5 m ph for 15 mmutes
daly (B) Blood lactic actd decreases further and a new steady lovel
1s reached around 15 mg percent after the standard test (7)

the resp Ys ¥, and lar systems, and on the effect of tain
g Vanous senes of personal expenments can be summarzed as follows
Very sapudly after regular traming begms, the heart rate, respuatory &
and blood lactic acid decrease durng performance of a standard exercise
test After a gnen tramning program has been followed for a few weehs, N0
further 1mproyement takes place and a steady level of tranmg 15 reache!

which vanes with the mdunidual At this pont if the duratson of the datl
traming 1s increased, the worl rate remamnmg the same, no additional 1m

provement is achieved On the other hand if the work rate 15 increased, the

standard test can very rapidly be performed more efficiently as showd b
lower heart  * T

acd {Fig 2
of tramming

e e e -
increase in work rate unti] a state of maximum tramnng 1s reached (7)
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When traming msolves 2 moderate level of actvity, 1t can be mterrupted
for as long as a week or ten days without any sign of detenoration dunng a
standard exercise test On the contrary, when the exercise 15 heavy nterrupt
1ng tramng for no more than four to six days 15 immeduately followed by a
decrease i efficiency as mdicated by faster heart rate and higher concentra
tion of lactic acid mn the blood (Fig 216) Here agamn many problems are

70

304 L

% 3 % %
oavs
Fic 216 Effect of stopping exercise for a few days dunng a tramn
ing pertod for heavy exercise” The test consists 1 runnng on the
treadmill at 75 mph for 1o minutes Daly traming at 8 5 and 9
mph for 5 to 10 munutes The dotted hnes indicate two periods
during which no exercise was perjormed (7)

v u
1ntensity and duration of daily exercrse (3)

SeecFicm oF TRAINING

General physical traming ncreases the efficsency to perform any hind of
muscular actnaty provided the work load 15 moderate For heavy exercise
when an indisidual s tramed for a speaific actnity, he 15 more efficient and
capable of dong more work of that particular nature than when he performs
any other hind of exercise The simple observation of athletes imvohved
seasonal activities shows clearly that if an wdnadual completes a traming
penod for a gnen sport i ceellent condition and starts mmediately to
practice another sport, a certain time w1ll elapse before he reaches his mant
mum efficiency 1n this other form of muscular actvity This 1s true even
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when the subject 15 a qualified athlete in the two sports so that no leaming
process 1s invols ed and sill improvement 15 a very mmor factor Expenments
were undertaken 1 an attempt to elucidate thas problem, and the perform
ances of lughly trained athlctes, mcluding varsity oarsmen and cross-country
runners, were studied A first test consisted of a treadmill run at 7mph,
grade 86 percent, for five mmutes The second test was made n a rowng
tank at 22 strokes per minute for four minutes and 30 strokes per minute
dunng the fifth minute Heart rate was recorded and a blood sample was
taken five minutes after the end of exercse for lactic acid determination All
subjects were able to complete the two tests, which for them were sub-
maximal work The results were temarkably constant and showed that for
the two tests, runmng and TOWIng, the cardiovascular reactions were sumilar
for all subjects It seems that for these expenmental conditions the responses
of the arculatory system of an athlete to heavy muscular work remain the
same regardless of previous traiming and the nature of the exercise per
formed

On the other hand, blood lactic acid vaned marhedly accordmgyto the
kind of test performed and to the nature of the preceding trammg It was
found that for a practically identical cardiovascular reaction a runner ac
cumulates more lactic actd when he rows than when he runs, and an oars
man reaches a higher lactic acid level when he runs than when he rows
‘Thercfore, physical traming has a definite speaific action 1n relation to lactic
actd production duning heavv muscular work The final result 15 that the
maximum Jactic acid saturation 15 reached more rmdls and sublectely

¥ aawned ince in the abos ¢ expenments the cardiovascular reactions i

constant, 1t appears that the specific traimng process occurs at least partly
the muscles themsch es (2)

INpvibusL Dirrerences AND TrANING

In healthy individuals, regardless of mborn capacitics, scx, or age, modif
cations m physiological efficiency can be produced under controlled condi
tions of physical traming The homeostatic mechanisms become more €f
ficient 50 that m response to an eamnl amannt af worl  the dwnlaeement

WuIK nave a considerable ange of values Conscquently when an mdmduall
improves his physiological mechanisms by annronmate triming, he vl
annot go 31

\onstrates this

_. . Theamoust

or aauy exercise that 15 needed to reach and mamtain physteal cffcency at
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the highest attamable level s stlf determined mostly by obsenation or
empincal methods Expenments show that a daly amount of practice which
1 suitsble for an wdnadual s erther too much or too little for others They
also demonstrate that, regardless of the physical capacsty of a gnen subject,

Tasee 211 Examples of Vanations n Physiological Meassrements Belote and
After Physical Trammng i a2 Group of 21 Qarsmen

Teeadnult Test Smm run at 7 mph grade 86%

Aserages

Maumum pulse Before tramng 191 Range 172 205

After tramwg 177 Range 156~195

Maximum blood lactate Before trasmng 105 Range 3 166

After traimng 80 Rapge  +i 142
Maxunum Pulse Navmom Lactate

Dutng Run g /100 ce of Blood
Before After Betore Alter

Subject Traunng ‘Tramng

Cy 172 158 63 5
Mar 173 170 4 83
Er 180 6% 102 73
Gr 185 172 112 64
No 185 172 53 50
Re 190 170 84 76
La 190 280 117 77
Cha 190 178 77 77
Wh 190 172 168 62
5o 192 174 130 95
Ch 193 186 4 I
Ly 195 180 78 75
br 195 195 166 2
a 195 176 149 90
i 195 192 133 10
o 196 182 91 59
] 196 150 93 &9
Br 196 163 12t 95
Ma 200 180 73 &3
Sn 204 178 103 59
An 205 186 122 106

Souxce Data from Vanabilty of Physiological Measstements i Normal Young
Men at Rest and Daang Muscolar Work by L Brouha and B A Swsage Resue coma
dienne de Biologie 194> 4, 140
there 25 a Jovel of excrease which Freguently repeated will Jead to chrome
fatigue ang  staleness Tl state ss characterzed among other factors, by
Iugher heart rates and factic acid concentrations for a standard exererse than

were previously absen ed dunng the tranng program
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The wide individual differences in physiological adaptabihity to training
are stuhing 1t should be fully realized that although anybody can improre
tis working capacity by traning, outstanding athletic performances are at
tanable only by a comparatnely small number of mdviduals whose
physiological mechamsms are hughly efficient and precisely mntegrated To
become a champion 1mphies mnate capabilthies, mental and physteal, that aze
developed to a supenor level by adequate traimng and permit outstanding
performances m a particular ficld of athletic actnity The vanation in capaa
ties and the limitations of any individual who goes into traming should be
known by those who are responsible for directing physical education and
sports activitics
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Motor Development

SUMMARY

It 15 the purpose of thus presentation to trace the course of deselopment of
maotor beltavior from chzlu’hood to matunity The repoyt 15 Imuted to the

area of postural i aitd I lly balance,
coordination, strength, and thz fund. 1 motor perfi THBINg,
Jumping, and throwing

Consistency from ndwidual to mdsidual of pattern or sequence of de-
velopment of gross motor behavior m 1nfancy 15 mdicahve of the dommant
1ole of phylogeny Wide mdnidual diff 17 rate of devel andm
qualsty of performance become evident an early childhood

The close relationshup of certamn motor charactenstics to size, body budd,
and maturty level dre discussed Many different studies have shown that
physical size and gross moter performance wm clildhood and afterwards
wncrease together, but there 1 httle evidence on thus subject for wifants
Studies of the relatwnslup of age, wesght, and heght to measures of
strength, runmng, umping, and throwang hmve been made on ciildren, and
where age 1s held constant, wesght and hesght are found to be related to all
these events for boys from 10-18 and for girls 10~13 Classification schemes
based on age, herght and weight are practical means of groupung clildres
for plysical actnities, but these hare been found lacking as mndicators of
matunty level The Sheldon method of body typing hus recently been ex
tended mto preedolescence, and studies relating physique o gross motor
pesformance of boys mdicate that body form 15 an unportant factor wn physt
cal strength

Boys continue to improve wn strength untd they are 18 jears or older, but
gusls taper off ofter the 14th year Strength s so closcly hnked wth indnadual
growth patterns that it may i stself be regarded as an sndicatson of puberty
and as a sccondary sexual charactenstic Balance plays a conspicuons role in

49
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postural locomotor development, but a great deal of research 1s needed 1
this area before definttive statements can be made s to the relationshp of
balance to age and other motor abilities

Coordination, which 1s cl 1zed by easy ts which are well
tumed and controlled, 1s not readily measured objectvvely Evidence from
the Brace test indicates that boys are especally superior in agility measures,
older guls are less able than younger ones to do some of the stunts of the
test but n static balance, older guls are superior The pattern of derelop
ment u coordination i boys differs from that in strength,

Runming, jumpmng, and throwng are common clements m active games,
and thus performance m these actn tties may be used as indications of motor
ability Scores in these activities for boys increase from chddhood through
Ingh school Those for girls increase only through the 13th year The Tatter
findings may well be due to cultural influences and personal ntercsts, exper
ences, and attitudes

Growth cunes n selected motor skills tend to show fauly steady growthn
boys and gurls aged 5 t0 16 or 17 years Howerer, @ number of studies show
that rate of change varies at puberty and 1s not the same for all medsures
Further mvestigation should contribute substantially to the l ding
of motor development from birth to maturity

Many diserphnes have contubuted to our present knowledge of child de
velopment Studies of physical growth, of health and discase, of mtelhgence
and school progress are chronologically the oldest, those of personality and
social adjustment more recent Longitudimal studies, m which the ¢
group of children has been followed for a number of years, have made 1
portant contubutiops to the understanding of indwadual as well as of grovp
development Included in these studics, and 1 many isolated s estigation’
as well, are data on motor development and it 15 with this aspect that the
present report 1s pncipally concerned

Because all aspects of growth are mterrelated, no single factor can be
studied m 1solation Changes m motor behavior may be brought about by
developing neural structurcs, by changes m bone and muscle, by homm
nal or vascular maturabion and by cxpenence or traning Certam pattans
laid down by heredity are not subject to marked modification and this 3 3¢
ticularly evident n carly motor development However, 1t 1s more pmﬁ“‘blc
for an und ding of these ph to ascertam the duection of
growth 1n specific achivitics, and fuctuations and rate of xmprmﬂ“c“t n
large samples than to attempt to separate mnate and envronmental 1
fluences

In the area of postural locomotor development 1t 15 possible to wdeatily
common pattems or scquences of behavior, changing rates of grow th from
buth to matunty, and interrelationships between structure and functio®
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The number of vanables affecting behavior m this area mcrease with age
and the data available at present are insufficient to gne more than a very
general picture

INFANCY

The rate of neuromuscular maturation 1n mfancy 1s so great that marked
changes i behavior may be observed 1n relatively short penods of ime The
studics of Gesell (23), Bayley (4), Shiley (52), and McGraw (36) all male
mmportant contubutions to hnowledge 1 this area The mfluence of hered:
tary factors 1s clearly evident 1 this period Gesell (23) has noted that be
havioral orgamization begins m the fetal stage and proceeds 1n an orderly
course  Patterns develop 1n a cephalocandal directton, from proxumal to
distal segments, and from fundamental to accessory control

The specific neuromuscular developments involved 1n the acquisition of a
sitting posture, of crawhng and creeping behavior, and of swimming move
ments have been reported in detail by McGraw She has 1dentified four out
standing penods 1n the first two years of hfe which relate growth m neural
structures and m function

The first penod covers appmmmately four months and 1s marLed by a dummnu
tion of the atavistic reflexes and rhytl of the
newbom The second penod ranges from about four to eight or nine months
and 1s ch: d by the devel of delib or voluntary movement:
1n the supenior spmal region and by comparatively reduced actnity m the region
of the pelvic gudle and lower extremities The thud penod s charactenzed by
mereasing control of actwvities m the nfenor spinal region and represents the
age range from exght to fourteen months The fourth penod covers thc remaining
ten months and 15 marked by rapd lop n

simple or direct condihonal and symbolic associations, mcluding I:mguage
{36,362]

Shuley’s study (52), :n which she obsen ed systematically the same infants
aver a two-year penod, demonstrated the orderly sequence common to all in
locomotor development Bayley s observations (5) of a group from burth to
matunty traces gross motor development from burth to seven ycars Emphasis
m the carly years 1s on the study of postural locomotor contro! and the de

T of manual dination Continuing desel m postural
locomolm' control s studied m olider cmidren by mcasun:s of batance,
hopping, jumping, and throwmg

The consistency of early behavior patterns from mfant to infant 15 ev
dence of phylogenetic determimnation Individuals differ markedly n their
rate of development, however, and rate may be regarded as an ontogenetic
charactenstic That tlns rate may be mfluenced to some cxtent by environ
mental conditions has been shown by Dennis and Denmis (17) who demon
strated that restnction of opportunity between the seventh and fifteenth
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months of hfe may retard deselopment, and by Smuth (57) who reported
the mfluence of severe illncss dunng the first two years of hfe Socioeco-
nomic status of parents 15 not signtficantly related to motor development in
the early years, however (7)

CHILDHOQOD

By the latter half of the second year the child may be expected to have suf
ficient control of locomotion to achieve some mdependence of action The
rate of growth gradually decreases but new movements become possible
progressively It will be of mterest to note the order of development and the
normal tuming of a few of these which clearly demonstrate the contmuing
mator sequence {5)

Jump off floor both feet together 28 months
Jump for distance from 26 cm height 373
Stand on one foot alone 292
Hop (less than 2 meters) 493
Throw mnto bashet (1 5 meter distant) 615

Guttendge (25) studied the motor development of children as shown
a variety of activaties Ratings of the proficiency of children ages 3-7 jearsin
these activities were made by tramed obsenvers The following are of 1mpor
tance n postural locomotor dexelopment

By 5 Years  By7 Years

Jumpmng 585 84ep”
Hoppmg 33 84
Skipping 14 91
Galloping 43 92
‘Throwing 20 74

* % of group rated proficient

?0)5 excelled m jumping and throwing gurls in hopping shipping and gal
oping

ADOLELSCLNCE

body buld An understanding ofuphysmal growth m adolescence 1§ fundd
mental to the study of motor development

The sequence of growth changes at puberty may be distguished by 5
celeration of growth in height, weight, and breadth m the carly phass, fo ‘
Towed by rapid deceleration n the final stages as adult stature 15 attancd M
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the same time, sexual charactenstics—axral and pubic haur, breast develop
ment (especially m guls), facial hair and voice changes m boys, and the
sexual organs themselves, develop rapidly The appearance of the first men
struation indicates puberty i guls but no such specific landmark 1s available
m the case of boys Recent studies have used the penod of maximum growth
n standing height as an indication of physiological matunty since 1t can be
rehably identified n both sexcs This age may be regarded as at least a
rough mdicator of sexual matunty because 1t correlates 706 to 754 with the
advent of menarche (53) Although no silar figures arc available for boys,
a comparable degree of relationship almost certainly exists

Since the age of maxmmum growth cannot be identified with certamty
until well after this period has passed, other means of assessing matunty m
boys hasve been sought Cramp (14) 11 1908 classified boys nto prepu
bescent, pubescent, and postpubescent groups on the basis of ratmgs of
pubtc hair changes His method has been used by many imvestigators A
somewhat finer classification has been more recently proposed by Greulich,
ctal (24) Five categones of matunty groups are identificd through exam
nations of the deselopmental stage of hair on various parts of the body and
of the size of the sexual organs themselves Studics of skeletal development
and of endocnine substances m unne confirm the fact that these five groups
represent successive stages of maturation These latter methods of study
(skeletal and endocnine) may be used as relrable mdicators of matunty n
both sexes but due to the expense, time, and difficulty mvolved may not be
practicable 1n most situations

It has long been recogmized that the adolescent growth spurt i guls pre
cedes that 1z boys Average age of maximum growth for girls in the Harvard
Growth Study (53) was 12 56 years, for boys 1489 years In the California
Adolescent Study, these average ages were approximately six months eatlier
But the range of indnvidual differences 15 more important in understanding
children than 1s an average Shghtly over three percent of the guls in the
Hanvard Studv showed maximum growth at 10 5 years, while four and onc
half percent did not reach this pomt until four years later The range 1 boys
was four years also with the earhest three percent at 13 o years and the Jatest
at170 A few indiiduals of each sex were shill more unique m their tming
and fell outside the ranges noted If adolescence starts with acceleration 1n
physical growth and ends with attanment of mature stature, 1t must
clude as a mymmun the sears § o-rg o tar guels, g 5-22 001 23 6 112 boys

Increase m stature s only one measure of adolescent growth Standing
height may be thought of as made up of two prmcipal components, sitting
height and leg Iength, and the proportion of each of these in the total
changes Eaily adolescence 15 a time of relatus e long leggedness, espeenlly
m gils As matunty 15 app d, sitting height for shightly over
half of stature 1n most ndrviduals

Hip width 15 both relatnely and absolutely greater n girls than m boys at
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all ages Both seaes show contmuing growth 1n this measure Shoulder width
1s greater i girls than m boys m childhood but boys surpass guls at about
thirtcen years and continue to increase maskedly 1n this aspect of growth so
that at matunty, masculine shoulders are wider than hips The reverse 1s
true for guls Showlder development occurs later than leg and hip growth .

Because guls mature earher than boys, they are on the average actually
taller than boys from 105-13 years They are also shghtly heavier, haie
broader lups, and broader shoulders Weight gam of guls i adolescence
tends to be associated with mncreased subcutancous tissue, but this 1s less true
m boys In the latter, mncreased muscle bulk scems to account to a great e
tent for the increase n weight

When growth curves m height for Jarge numbers of cluldren are dm;;n
according to chronol I age these individual daff and mdecd;]:
rapid ates of growth m early childhood and agan at puberty, ase somew :
obscured and growth appcars to take place at approximately a steady 7al¢

e

this time, howes er

INTERRELATIONSHIPS OF SIZE AND BUILD
WITH MOTOR PERFORMANCES

Many studies have shown that there 1s a close relationship bct\\ceﬂ' Ph}st
o f

not confirmed by Peatman (43) Shutley also noted that good ruscle de-
velopment seemed to advance motor behavior ¢35
Extensnve studics of the relatronship of age, weight, and haight loéﬂ “
ures of strength, of runming, jumpmg, and throwing have been :‘ﬂﬂ e" H
children of school age )
cant corrclations with
boys from 10~18 years ¢
weight than for height
Classificc
present at
physical ac
Correlation s In we
for boys i jumor high school were found to be 73 by Dable (16) Xr]] 10,
Californta Adolescent Study, classification of boys 1n Grades 8, 9 ﬂ"gme
respectively, correlated with matunty g4, 6z, and so (22) In H‘CSCHH "
cascs over a wider age range physiological matunty was found to €0! the
8z with chronological age and” 89 with skeletal age. Tables showig

- o~ e -- .
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range of physiological matunty 1 each classification letter m junior and
sentor high school boys have been published by Espenschade More te
cently, the relation of the McCloy" classification scores to physical perform
ance has been studicd by Nevers (41) Both reports show that there 1s
marked overlappmg of matunty groups m the same classifications Jones
(30) comments that due to differences 1n body build there are exceptions to
the  big and strong’ classification, as a few boys are of large size but poorly
muscled whereas others arc small but mesomorphic and strong

It seems reasonable to belie ¢ that some scheme of body ty ping may werght
more accuratcly the vanouos factors of size and matunty which wnfluence
physical performances Some progress has been made toward systematic
classification of types” i childhood The seven channels of the Wetzel gnd
make provision for saned body types and may be used as a means of group
mng (56) A scale for androgeny, the sex appropniateness of the body, has
been deseloped by Bayley and Bayer (6) and majy be of especial value 1n the
study of physique and personality m adolescence No studics have been
made which relate these body classes to motor performance The Sheldon
(51} scheme, developed on young male adults, 15 applicable to boys m late
adolescence and has recently been extended mnto preadolescence In this
classification the three principal components are named endomorphy
mesomorphy and ectomorphy The relatise proportion of each of these m
several areas of the body 1s determined and an average figure for cach 1s
recorded The type number of the subject then will consist of three figurs
mdicating these averages Ratings arc on a seven point scale An extreme
endomorph (excessive fat) would be gien a 711, a2 mesomorph (predomy
nately muscular) 171, and an ectomorph (slender) 117 Two studies relating
physique to gross motor performance are of interest here

Jones (30) has compared small groups of bovs from the Califorma Ado
lescent Study who at matunty were rated predomnately ectomorphie with a
sunilar number rated mesomorphic The strength measurcs of the former
were at all ages (12~17) below the average of the total group while those of
the latter were consistently above aserage Cormelations for 173vearold
boys showed that strength (gnp, pull, thrust) was related as follows to

ectomorphy -25
endomorphy 04
mesomorphy 34
weight 5.

height 33

When weight and herght were partialled out, strength and mesomorphy
correlated 62 Thus 1t may be scen that bods form 15 an important factor in
physical strength

1 The McCloy and Cozens classification plans are very sumlar and correlte 9 or better
with cach other
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In a study of muscular endurance, Cureton, ef al (15) studied high school
boys as well as college men The age range extended from 16-22 Of the 64
Tugh school cases, 26% percent were rated predommately mesomorphuc, 23%
percent pred ly ecto or end phic The best scores were made by
the mesomorphs, the poorest by the endomorphs

STRCNGTH

Muscular strength 15 closely related to body size and build but 1s more sub-
ject to environmental influence than the latter There 1s also a sex difference
so that boys and gurls of the same age, height, and weight are not ahke m
strength

Changes 1 gup strength with age have been studied by many investiga
tors and large numbers of children have been tested Metheny (39) has
summanzed a number of these studics Although the mnstruments used and
probably also the mcthods of pracedure differ, the results agree that boys
contmue to mmprose until 18 years or older and that guls show a tapenng
off after the 14th year In 1950, Bookwalter {(g) reexammed the studies made
on males and presented curves for the years g—24 The rate of growth 1s
steady 9-14 accelerates 14-17, and shows a reduced rate of increase 17-24
The amount of change m boy s 6-18 years was found by Meredith (37) tobe
359 percent for girls bv Metheny 260 percent

Jones (30) observed in the data of the Califorma Adolescent Study that
strength develops more rapidly than any other conspicuous aspect of phy
sique Indced, approumately four fifths of strength but only onc third of
height 1s acquired after the age of 6 Strength 15 so closely lnked with ;d:
vidual growth pattemns that it may n itself be regarded as an indzcator of
puberty and as a sccondan, sexual charactenstic

Gnp strength 15 substanhally related to other dynamomehic measuics of

P . e

e BT n v n o rnm

pubety and strength Dimock (18) 1 1935 studied zo0 boys over 2 theee:
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year penod He computed a Strength Index for groups of prepubescent,
pubescent, and postpubescent boys, fied ding to Crampton's
entersa, At the same chronological age, pubescent boys were supenor 1n
strength to the prepubescent group and the postpubescent evceeded bath of
these others In fact, the
postpubescent of 13 Wwas
found to be supenor m 50
strength to the prepubes

cent of 13. In the Califorma sol-
Adolescent  Study, both
boys and guls were tested
semsannually for strength of
gup, “pull” and “thrust,”
by means of dy namometers
When these data were
grouped according to pubes
cent status, the Bnding of
Dimoc), was confirmed for
boys and sumilar vesults

PERCENT OF 17 YEAR SCORE
@
°
T

LEGEND

were obtamed for guls oys Gats
Jones {30) used skeletal age 20t e Rogers ovem
as a basis fox selection of s MEC 0y Qereene

enrly and late matunng wl
groups of boys, and for wirls,
age of menarche as ol All ° I bk
recar B NENCEERL
(:: othe resiu!ks ;};ow !hgx: lhl«; e o veRRs
e matw 1
e mature boys anS & T 221 Relotne strength indices for boys

at the same chronological
age are supentor to the Jess
mature 1 the strength measuies studsed In gils this supenondy disappeats
1 the fifteenth year, but s still evadent i boys at 17

and girls

BALANCE

Balance plags a conspicucus tole n postural Jocomotor development it
may be thought of as 2 coordmated neuromuscular Tesponse to a vanety of
stumuh, tactile hnesthetic of \1sual in ongm, prmanly The response 15 7egu
lated by the cerebellum and pesformed for the most part wathout volun
tary duwection The sestsbaler organ {senuaireular canals) plays an essential
part m this mechamsm +f balance 15 of 3 dynamic rather than static nature
Visual sensations supplement and in some cases of mjury ko the vestibul,
may substitute for the Tatter

Because of the compleaty of balance and also of the very wide range of
shility change from early chuldbood 10 muddle o later years, no smgle micas
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ures can be used over a wide age range In testing cluldren, Bayley (5) m
cluded such static balance stems as standing heel to toc, standing on tocs,
standing on one foot No stems were attempted with ¢yes shut before the g
of 5 At this time, standing toc to heel, cyes shut, correlated with the same
test cves open 53 (40 cases) Relationships among 1tems were 1 general
very low At no other age level were all of these same tests performed by
sufficient number of cluldren to compute mterrelationships At earlrer ages,
somc of the 1tems w erc too difficult, at later oncs, too easy

The walking board has been used as a dynamic balance test over 2 wider
age range than any other single test but the manncr of scorng, size of board
and gencral procedure has differed to such an eatent that results are not
comparable Progression i the carly years 15 described best by Bayley (5}, 25
follows

Age m Months

Walking one foot on 276
Standing, both feet on 31
Attempting to step 328
Altemates part way 38
Alternates full length 56
Length® m 6 to 9 scc 595
Length in 3 to 5 sce 66
Length m less than 3 scc 80

2> meters tong 6 cm wide 10 em high

A railwalling test usig rails or beams of graded widths, was gien 1¢-
cently by Heath (27) to over 700 Pluladelphra children ranging 1n age from
6-14 From 30 to 50 cluldren of cach sex at each age level were tested Boys
improved more than guls but both seves showed consistent growth In2
smular study reported by Scashore (49), on boys 11-17 years, little change
occurred over the entire age range Several more recent studies (16,22) have
not agreed with the Seashore findings, however It secms probable that
dynamie balance can be evpected to show improvement with age, and 25
more refined measures are desised the course of change will be better under
stood There 15 some mdication that rate of growth 1n balance m boys ma)
be temporanly retarded at puberty In one study (22), pubescent boys wer®
found to show httle or no change whereas both pre and postpubescent
groups improsed steadily A great deal of research 1s needed im this arca

COORDINATION

When an indwidual moves €151y and the cen ~ nea 1+ m ng of lus acts
~ssentual el

To be sur¢

‘ugh actevement mn any event 1mphies good coordination But some aspects
of this quality can be measured more dircetly by the Brace test (10) 0
general motor ability This graded scries of stunts measurcs the ability of
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the mdividual to manage hus own body m such events as Jumpmng 1nto the
aur and clapping the feet together once, balancing for five seconds on the
hands with Lnees resting on elbows, sittig on the heel of one foot without
touching the other foot or hands to the floor and then standing agam The
twenty tests m all which make up the Brace battery are scored on a pass or
farl basis Although an attempt was made to sclect eveats to measure agility,
control, balance, and fleu
bility, and to provide for
even steps m difficulty,
these auns have been 1m
perfectly met Some mdr
viduals can pass all tests
m this battery also, so
that the range 1s not ade
quate for all abilihes The
test 15 fauly reliable and
objective, however, and
has been shown to meas
ure abilities which are re
lated slightly 1f at all to
strength and height or
weight This test battery
has been used extensnely
and results have been re

T T T T ‘

SCORE

sli 1 L S

1
ported for many age € 7 & 9 10 u 12 13 14 15 16 I7
groups and for both sexes AGE IN YEARS

When the test was first Fic 222 Brace test

published, norms for chil

dren 8 to 18 were given and no sex differentiation was made Later studies
have consistently rcported marhed sex differences in adolescence, howerer
This difference becomes evident between 12 and 13 years of age and i
creases decidedly after 14 Gurls scores on the average do not improve after
14 Boys scores show steady improvement over the entire range studied
(Fig 222)

This growth pattern 1s not found i cach of the twenty stunts of the bat
tery, as has been shown in an extensive study of boys and guls covering the
age range of 10 5 to 17 years (1) In several tests, guls are equal or supenor
to boys at a few age levels but 1n no case do they evcel throughout The stunt
which requires the subject to fold the anns across the chest, cross the fect
and sit down crosslegged, then stand again without unfoldmg the arms or
moving the feet about on the floor’ shows least sanation over the entire
age range studied and least sev difference, also Boys are espeaually supenor
1n agility measures which require rapid change of direction of the body or its
parts Examples of this m the Brace battery are jumping full tums, with
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position held at the fimsh, jumping through a loop made by grasping a foot
i the opposite hand Older guls are less able to do these stunts than are
younger guls But i stunts requinng control or static balance, older guls
appear to hold their own,” as it were

At puberty, boys show a reduction 1n rate of merease in Brace Test scotes
This 15 1n contrast to deselopment of strength But 1t should be noted that
smprovement still occurs Results of tests reported by Dimack (g) showed
that prepubescent boys at 12, 13, and 14 years actually scored igher than
pubescent and postpubescent boys at the same ages A later study by
Espenschade (22) did not substantate tius, but did find 2 slowing of rate of
change dunng pubescence Lxplanations of this temporary retardation of
growth 1n motor coordination may be looked for 1n rapidly changmg body
proportions, unequal growth of limb length and museles, madequate synthe
s15 of changing kinesthetic perceptions, or changes in the body 1mage

The Brace test mught be cxpected to measure qualities different from those
found 1 running, jumping, and throwing, but mvestigators studymng ¢l
dren 10-14 report correlations with these esents of a magmitude sumlar to
those between these actvitics themselves (19,35) In older boys, Espen
schade found httle relationslup between the distance throw and the Brace
test, but correlations for boys between the Brace test and running and jump-
mg and all intercorrelations for gurls were of stnmlar order When the Brace
test has been included m factor analysis studies 1t 15 found to have 2 Tow
weighting 10 strength but a fair correlation with veloaity Since these same
factors are Present in many gross motor performances, it 1s not surprsmng that
this battery should be substantially related to running, jumping, and throw
mg

FUNDAMENTAL MOTOR SKILLS

Running, jumping, and throwing are common clements in actne games
Throughout the growing years boys and guls have opportumties for frequent
participation in these and so deselop these capacities Thus performance 1
runming, jumping, and throwmng may be used as an indication of motor
ability, although 1t must be recognized that expenence and tramming, mterest
and atitude play inercasigly important parts m achievement Smee these
are the same basic actvities that are important mdicators of motor de-
velopment i carly and middle childhood, 1t 15 possible to study age chansss
and sex diffcrences over a wide age range Two measures of jumping haie
been consistently used—the standing broad jump and the jump and mch{
Althoug}‘ntcchmq?es have differed slightly 1n some cases, the number 0

be computed from available record-s ;r;d s; ﬂ:c g;iav;nlal;‘i)crx;mdc roughly
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<o ble In th the event ly selected 15 a distance throw,
but size and weight of ‘ball and measurement of records differs somewhat
from study to study In so far as possible, comparable scores have been ob-
tamned The results are presented in Table 221 and Figs 223, 224, 225,

Taere 221 Age Changes 1n Motor Performance

Standing ]ump

Run Broad and Distance
Yards Jump Reach Brace Throw
Age per sec (inches) (1nches) (score) (feet)
BOYS
5 38 337 25 236
6 42 374 40 55 328
7 46 416 61 75 423
8 51 467 83 90 574
9 504 85 100 666
10 59 547 e 110 830
13! 61 610 115 111 950
12 63 649 122 127 1040
13 65 693 125 131 1140
14 67 732 133 145 1230
15 68 795 148 152 1350
16 71 830 163 162 1440
17 72 884 169 (159) 1530
GIRLS
5 36 316 22 145
6 41 362 35 55 178
7 44 400 57 75 254
8 46 459 77 90 300
9 513 87 100 387
10 58 105 105 470
n 60 520 110 111 540
12 61 12 118 610
13 63 621 1o 118 700
14 62 627 118 119 745
15 61 632 122 115 757
16 60 630 120 s 740
17 59

Souxce  References 2, 3, 8, 12, 13 19, 21, 26,29, 31, 32, 33 40, 42, 44, 45 50, 55
Scares presented are averages from asailable reports

226 Norms i many cases are gnen accordmg to classification by age,
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school Gutls show improvement throughout the early school years but scores
reach their maximum as carly as 13 years of age mn runming and jumping and
show httle change after 13 1 distance throwing Physical size and strength
measutes contmue to inercase well beyond this age level so this cessation of
change cannot be due to attainment of physical matunty Some authors hae
attnbuted 1t to adolescent changes m build and development of sccondary
sexual charactenstics However there 15 considerable evidenee of loss of
wmterest due to cultural mfluences An explanation 1 terms of capacits
scems less tenable than
one mn terms of motna
tion
Sex differences are pits
ent 1n all events at almost
all age levels, but, duc to
the changing inflection of
the curses for boys 3nd
for gurls after 13 years, &if
ferences increase  mar
cdly after ts bme
Times 1 the 40 o1 5
yard dash are quite close
for bays and girls aged 11
and 12 but bops ¥
consistently supenor I
56 7 0 9 101 213145 5 ;7 )umpmngand especially 1t
AGE IN YEARS throwng, the boys eeel
Fic 223 Runnmg at cvery age level The
magmtude of the differ
ence i throwng 1s remarkable and 1s out of proportion to those 18 an}
other phs  *
howeser,
tal pract: e e e e e -
other reasons have been advanced to date to throw light on these facts
The relation between pubescence and nerformanne m thece hasic 2t

k]

YARUS PER SECOND

0l

¢, and

by e developmental extremes In jumping, throwing for distand g
o

basketball geat shooting, guls matunng very late cxcelled In the
cvents, and in rope-chimbing, the early matunng girls cxcelled e
In the California Adolescent Study (19) st was possible to goup theg!
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accordng to age deviation from menarche but there were very few cases
studied as early as a year before this ime When chronological age was held
constant, correlations between physiological matunty and performance in
most events was negligible

The picture for boys 15 different however, and resembles more closely the
findings 1 relation to strength McCloy (33) wmvestigated the mfluence of
pubescence on performance and found it of some significance but discarded
it as a factor in clasmification because of the difficulty m assessing stage of
pubescence and the fact
that ats influence extends T T T T
over a limited age range I b |

More recently Nevers ﬂm__“_
(41} has shown the rela
tionship between a com RN
bmed score m five track "
events (running, jumping,
shot put) and the Mec
Cloy classification 1ndex,
for each of three pubes
cent groups Pre and post
pubescent boys umprove
steadily at each class but
pubescent boys of all 40|
classes seem to score ap
proximately  the same

60|~

INCHES

number of pomts The 5 ; 7 8 9 10 I 2 13 1a 15 16 17
rate of gam and the actual AGE IN YEARS
scores are greater for post Fic 224 Standing broad jump

pubescents at all overlap

ping indices These results differ from those obtamed by the same author m
strength measures, especially 1n regard to performance of the pubescent
grou;

'“l\)e determmation of physiological matunty 1 the California Ado-
lescent Study was on a different bass, and three phases or zones of pu
bescence were tentatn ely identified When the several motor tests were cor
related with this estimate of physiol I matunty (ch 1 1 age held
constant) the highest relationship was found to be with the distance throw,
the lowest with the broad jump F change m p accord
ng to zones of matunity was of especial interest as it appeated that boys i
Zones 11, I, and 1 eatly matunty each improved approuimately equal
amounts 1n the dash, whereas in both jumps, the largest proportion of
change occurred 1n Zone II and 1n the distance throw i Zone [11 Thus the
pubescent boy gams steadily m running, rather abruptly and early in jump-
g and somewhat later m throwing (19) This 15 1 accord wath the physical
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growth sequence 1n which legs lengthen and hips widen carlier than shou!
der girdle development occurs
Each of these basic activities differs from the others not only i deselop-
mental pattern but in qualities required for performance This 1s readily
seen when test scores are mtercorrelated It 1s true, of course, that errors of
must be dered in studying relationships found In run
ming events, stop watch tinung even when carcfully done 15 subject to con
siderable crror Thus 15 especially true in the case of records for young chil
dren when the distance run 15 only 35 or 40 yards The addittonal problems
m testing children—of simple, clear dircctions which the child surely under
stands, of attention span,
of interest and effort, may
all contribute to error Ex
penenced  expenmenters,
however, havc obtamed
12 = ! e——] rchabilities n runniog
events of 88 (26) for 46

L L B

JUMP AND REACH

T - jyearolds, and cocfficients
i of the order of g are fi¢
: quently reported for older

r children

] Jumpng can be mes

‘M ured still more accurately,
espectally the broad jump

I 4 Rehabiity  coefficients

range from 82-89 fn]rdcii
L .

56 7 8 9 10 u 12 |I3 0 .; 0 mentary school chl rm
AGE IN YEARS to g5 or aboie fmrn‘se’;“
Fic 225 Jump and reach lugh school boys The
’ ing tends to be Tughly &

]m]‘)]c w’hen teasonable care m procedures 15 mamtamed Cocfficients of the

- = Nmee tes w e ) A
“Qlilte‘pf)snhlx motnvation 15 a factor here Certanly rehabihity may bc::]

tance, many studics on boys have sclected {11,5 event McCloy (33) na;
shown that either a distance throw or a shot put may be used 1 combmﬂ“‘;
with running and Jumping to predict “total pomts” on a larger umber
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trach and field esents for boys The majonty of physical activity programs for
gils do not include a shot put, howeser As the techmque of performance
must be learned, this event ordinanly cannot be uscd as a test for guls
Intercorrelations between the dash, broad jump, jump and reach, and
door baseball (softball) throw for distance as reported by a number of m
Yestigators are given i Table 222 Certainly no consistent trends are evt

Tasre 222 Intercorrelations Reported by Varous Imvestigators

Dash with Beoad Jump Dash with Distance Throw
Age Boys Gurls Ref Bays Culs
49-78 mo 53 (26) 36
Ist 3 grades 475 576 (1) 244 442
10-14 yo 6l 43
10-13 31 665 {unpup ) 502
Jr HS 642 ) 545
787 (47)
64 61 (19) 38 51
67 64 (19) 48 44
Sc HS 44 {33)
76 (33)
58 60 28)
48 45 (19) 38 41
19 (19} 24 3
57 (44
Broad Jump and Distance Throw Broad Jump with Jump and Reach
Age Boys Guls Ref Boys Guls
4978 mo 41 (26) 53
Ist 3 grades 311 441 (11} 401 547
year 58 35 (49) 63 62
10-13 3¢ 53 (unpub )
10-14 yr %;g)) 49
r HS 721
! 39 45 (19 42 30
60 s1 {19) 45 37
St HS 6 48 (19) 65 56
47 42 (19) 51 64
4 60+

denced There does seem to be a tendency for relationships between events
for boys to be greater at the jumor bigh school level than before or after this
time In the case of the guls, howeier, corelations are of approamately the
same order at all age levels Those between dash and broad jump are ap
proximately 6 while those between dash and distance throw and between
distance throw and broad jump aserage more nearly 4 More imestigators
have reported figures for boys and less consistency appears among these It
would certamly be premature wn the light of the available evidence to draw
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conclustons 1 regard to the organization of motor abilities 1 children of
6-18ycars

Nor are factor analyss studies adequate to throw real light on ths subject
Analyses of this type have been made for the most part on data from college
men Sclection of tests given and resulting emphasts n factors extracted has
been different m the different studies Although strength or power and speed
ot seloaty are 1dentified m practically all cases, these two factors are not
adequate to account for all components underlying performances n run
mng jumping and throwing And the relatie mmportance of even these
factors 1s not firmly established

In tracing the course of deselopment of postural locomotor control from
mfancy through adolescence, two basic concepts emerge Structure and
function are found to be

0 closely interrelated at all
DISTANCE THROW times, there are wide m
— ! dividual differences mn rate

of maturation, but the
overall pattem of devdl
opment 1s the same for
all In infancy, deseloping
neural  structures  €spe
cially scem to bring about
rapid changes m motor
behavior Sex dufferences
m rate of maturation mat
be obsered mn childhood
m the carher age at % Inch
guls perform such actm
ties as hopping and shp

567 890 s s ping 1 comparison to
AGE IN YEARS boys At pubcrt),amarl
tic 226 Distance throw change i rate of desclop

ment 15 agan evident 11
boys, the postpubescent penod 1s one of continuing devclopment 10 motor
performance, in guls httle change appears after puberty It must be 16008
nized that the marked sex differences at adolescence are due m pat 10 €%
pC??ncc and traimng, nterests ind attitndes ac v el ac b canacats

penod of most rapid physical grow th, at puberT) In spitc of these d.ﬂmn‘g
growth patterns, measures of coordination, of running, jumping, and thot
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g are substantially intercorrelated at all ages .4 17 It 1s possible that the
cross sectronal data mcluding as they do a range of matunty levels may
obscure the truc picture here as 1s true for the curves of growth It may be
that matunty 1tself operates as a factor to merease the size of the mtercorrela
tions

Extensive data on the same clildren over this entire age span are needed
to answer fullv the questions rased m thus review but a vanety of mvestiga
tions of smaller scope may malke substantial contnbutions to ths field
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Exerase and Grouth

SUMMARY

Tlus chapter has been wntten with the purpose of presenting scientific
mformation from seyveral fields of Anow ledge concermng the effects of physt
cal exereise on human growth Swce Lttle imformation 1s available on chil
dren who liave been exposed to a Ifetime of heavy physical actnty, it has
been necessary to draw upon the results of ammal expenmentation and
upon the findings from lmuted observations on human bengs Both
genetic and emsronmental factors have been considered i some detal ¢
frame of reference for makmg inferences concermung the cffects of excicse
on the growth of chuldren That the general morphological charactenstics of
the mdnidual tend to persist throughout the growing years in spite of df
ferent emr 1 mfl dicates the significant role of snherent
factors i growt

Certain undefined miunima of muscular actuvity are essential for supporting
the normal growth and health of bone and muscle tissue, for cxpcnmcﬂm!
research has demonstrated that muscles which have lost their niotor nene
supply atrophy within a peniod of a few weel's, as do the muscles of fimbs
which have been immobilized Likewsse muceles with mtact nene supph

1t
and tend to be lost aftcr traiming 15 discontinued Evidence dicates thet
mntensity rather than duration of activity 1s the smportant factorm pmmOf"'E
gamns i muscular power and muscle size
In respect to the lasting effects of exercise on growing organisms con
trolled expenmentation n whuch ammals have been exercised tlxraué’ho““:
ifetime has shown that only limuted differences general body si.¢ 0“""
between the exercised ammals and the unexcreised controls Studies °
440
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exercised arumals show a lower percentage of body fat, a correspondingly
greater weight of the musculature, and a positne effect on certam of the
wnternal organs With discontinuation of exercise during the growmg years,
the gamns aclhieved tend to be partually retamed for the remainder of the
growth cycle In general the data on ammals indicate that some increase
muneralization of bone occurs as a result of exercise during the peniod of
growth, but the mcrease scems to be i the dircction of greater bone diam
eter with hittle effect upon bone length

The limuted data o ailable on excrcise and human growth tend by and large
to parallel the findings on ammals The evidence suggests that a childhood
devoted to heavy muscular activity tends to accentuate lateral growth, 1¢,
wmcrease 1 breadth and girth measures, with litle noticeable effect on
height On the other hand long bone growth m those segments which do
not support the body weight appears to be positnely influenced by extended
periods of use Expertence has shown that chuldren who lead an actnve and
vigorous childhood have firmer, stronger, and more supple muscles, with
sturdier physiques and less adipose tissue than children who follow a more
sedentary existence From the evidence now available tf appears that eercise
promotes the nitrogen retention and protemn building powers of the body,
thus coninibuting to the effectne use of the nutrient supphed to the cells

The cnitical question as to the amount and tntensity of actnaty which s
needed for optunal growth cannot be answered conclusnely at this time
Present knowledge indicates that a gnen exercise program will not have the
same effect on all children and may vary from one developmental period to
another

Consideration should also be gnen to more than obsenable changes i
physical dimensions for the most dramatic effects are those which are related
to skill derelopment, improrvements m effi and of 1
movement, and gams m muscular power and physical endurance Wiile
certain morphological changes may occur as « result of physical excrese,
some of which may persist into adult lifc, the more important consideration
15 the effect which physical actoity may have upon the indnadual s physical
powers and the effectivencss with which he uses fus body

The dmve for physical actity 15 strong in the young Free, unrestnicted
muscular movement 1s believed by psichologists to constitute one of the
great hungers of life, a hunger m the young equal m intensity to that for
food and rest (52) Physiologists recogmize that human hissues and organs
respond positively to healthy use and that with continued disuse these struc
tures tend to atrophy As Carey (8) has pomted out, there 15 general agree
ment that parts of the body mcrcase or decrease in size m proportion to
functional demand or use However, the speafic tole which exercise plays
mn the growth phenomenon 1s not entirely clear Nor s there agreement as to
the amount or mtensity of exercise required for supporting optimal growth
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and development Perodically, concern 1s expressed for the apparent made
quacies of physical education programs for clildren and youth Those who
hold strongly to the view that exercise 1s 2 vatal factor in shmulating growth,
question whether cluldren growing up i our present hughly mechanized cul
ture have sufhicient physical activity to realize their growth potentials Oth
ers feel that the nced for exercise 15 largely met by the natural play instincts
of children, 1f these nstinets are not thwarted by environmental circum
stances There 15 a need therefore for scrutimizing closely our present knowl
edge concerning the effects of cxercise upon human growth not only as 2
guide for current practices, but also as a means of pomting the way for
future research

In an effort to bring together a broad range of research findimgs on this
subject matenal has been drawn from the work of biologists, physiologists,
anthropologists, physical educators, and child development specrahists A
brief overview 15 given of present concepts of growth and the role which
certan mtrnsic and extnnsic factors play i physical development as 2
means of providing the reader with background information for mterpreting
rescarch on the effects of exercise on the growth phenomenon

THE NATURE OF GROWTH

Growth 15 a term which 1s broadly conceved It has come to have man}
meanings, such as increase 1 hnear dimensions, gan m weght, proten
synthesss, cell differentiation, cell migration, reproduction, and mitosis The
S s .

[ .
gmdue:lly attains the mature state These changes mnvohe differentiation a:ld
- P . ES

bX Y LvUy J1L JUGUUITIE LIALELS I Rugus e e
of the body or body scgments, alterations m the tissuc components, and
changes 1 the internal organs Recognition 15 given to the fact that the yan
ous mamfestations of physical growth are reflected m the epanding func:

cal problems i Ius attempt to make well controlled obscrvations on 2
phenomenan so complex that its mtnicate nature shll evades scieatific 18
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quiry In fact, knowledge of the phenomenon has not yet reached the point
where an acceptable theory of growth has been developed (72) Scientists
have however, provided considerable factual matenial concerming the vana
bles which imfluence growth For example, 1t 1s well established that genetic
endowment plays a major role 1n all growth processes Likewsse, there 1s

that the env n which the org: grows and the mnter
nal physiochernical setting for cellular actvity mfluence the final manifesta
tions of growth However as Weiss (72) pomnts out environmental forces
are meapable of bungng mto being new pattems af growth for which the
orgamism was not already predisposed, although the mherent pattern of
growth 1s subject to modification No nutrent or chemical or physical agent
15 able to force a cell to perform any funchion other than that engmally
planned by nature Hence no chemcal or mechanical agent can be classed
as a pnme determmer of differential ccll growth However certam conds
trons of the eavironment can matenally inpede the developmental prac
esses whereas others may aid the organism to achreve optimum deselop
ment Therefore any effect which exercise or any other growth factor may
have upon devclopment must remam within the framework of growth as
determned by the native endow ments of the organism

GROWTH PHENOMENA OF INTRINSIC ORIGIN

Growth 15 an orderly phenomenon and holds closely to the developmental
pattern charactenstic of the specics Although individual vanations mav be
found among hfe forms wathun spectes these differences do not overshadow
the similantaes of closely related life forms The same can be said for normal
vamations due to sex ar to differential rates of maturation, for such differ
ences, while important, do not alter the orderly and predictable nature of

S

or accentuated because of the opesatton of apparently unrelated mtnnsic
growth factors

The power of mtunsic growth factors in shaping the developmental pat
tern of the human 1s shown by the orderly and sequential nature of physical
development 1 which the tempo of growth fluctuates from one deselop-
mental penod to another, dechmng dunng infancy and early chiidhood,
stabilizing 1n rate during middle childhood, accelerating agamn n early ado-
Tescence, and slowing down 1n later adolescence As Krogman {41) pomnts
out, the general theme of growth 15 integration in w hich there are penods of
linear growth followed by penods i which the frame fills out These proc
esses 1 terms of ming are a function of mherent growth factors and are
only wcidentally affected by the environment Just as the early sears of hfe
are charactenzed by a relative Joss 1n adipose tissue, 5o the adolescent ycars
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m the male are charactenzed by an accelerated growth m muscle tissue and
marked gamns m muscular power At one devclopmental peniod nature ap
pears to be concentrating upon the growth of a particular tissue only to shift
the focus to another at a later time

The sigmificant role which intrnsic factors play 1n determinng the course

o - T - - -

factors wluch tend either to accelerate or retard growth may temporanly al
ter the course of development, but once the disturbing factors are remored
the organism tends to rcturn to the developmental schedule ongmally estab-
lished by nature Whle there 15 constderable evidence to suppott the con
cept of developmental line the cnitical time necessary for exther positne of
negatnve growth factors to affect the final course of development has not
been determmned Thrs would mdicate that any attempt to study the mfly
ence of exercise upon final gronth would necessitate appheation of the
exeraise vanable over a long period of trme

There 15 considerable evidence to mdicate that wherent growth factors
play a prommnent role 1n establishmg a morphologrcal pattern of grouth
wlich remamns relatively constant throughout the growth period For €€
ample, Gamn (22) found that in spite of qualitatrye and quantitative differ
ences m diet, genetically related children tended to mamtam similanibes 1
body bwld and bods proportions Similar results werc obtamed by Duper
tws and Michael (14) i which growth curves of 26 ectomorphs and 38
mesomorphs who had attamed an aver1pe ape of 1 vers were analyzed A

a1 v mauinge Suggee

built mesomorphic boys seldom ;Jecome ectomorphic adults and Jmear
framed children do not normally develop mnto mesomorphic adults This
.

PP

same rank order over a faidy long penod of time

While umilanty m body form tends to persist duning the growing Y&
the pattern of growth 15 1n no sense ngid For cxample, Garn (z0) shov f
that attempts to it indy 1dual growth curves to rather arbstrary standards 0
growth were not entirely successful sice most children desiated from the
percentile standards with only a few children maintamng a “channehis®
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m position over the penad of the study, for the children with broadest hips
at 5 years of age were not necessanly those ranking high in hip wdth at ¢
Whle there was a high correlation between hip width measures at 5 and ¢
years of age, 58 percent of the children had a change m percentile rank of
up to g percent durng this pertod Thus 1t would appear that while the gen
eral morphological pattern of the mdnidual shows considerable stability
dunng the growing yeass, nature does follow the prnciple of mndividuality of
growth

MaturaTiov as & Facror Arrecting GRowTH

The process of becoming physically mature results in morphological and
functional changes which are attnbuted pnmanly to mherent growth fac
tors While the most dramatic physical changes occur as the child 15 ap
proaching sewual matunty, rather subtle changes which clearly differentiate
the early from the late matuning child occur at a much earher age The rate
at which the skeleton 15 ossifying reflects in some degree the speed with
which the child 1s approaching sevual matunty With children who matwe
eatly the ossification centers of the hand, wnst and Anee are markedlv ad
vanced at every age over those who mature late (25} The accelerated
grow th of the sheleton of early maturing children 1s also reflected m a greater
mean height and weight for this group (59,61) Not only are the eathier ma
turers taller and heavier throughout muddle childhood, but this group tends
to be pred tly of phic physique while the late matunng,
slower growing children are by and large of ectomorphic body build (1.4,6)
According to Reynolds (56) the rate of maturation 15 also related to the
growth of muscle, bone, and subcutancous tissue In a longitudmal study of
48 gutls and 30 boys v which tepeated roentgenographic measurements of
the calf were taken over the age range 7 to 123 years, Revnolds reports
that for both sexes greater gains were made by the early maturers i muscle
and bone tissue dunng this age range than was the casc for the late matunng
children

The effects which a vanable such as esercise may have upon growth be
come difficult to appraise when consideration 1s gnen to the mtnnsic growth
factors which appear to be mmportant m determining maturational rates,
body buld, and the quantitatne and qualtatne conttion of the tissuc
components Docs the constitutional make-up of the child predispose um
toward extensi e play and vigorous physical actiaty or are the physical mam
festations of the young mesomorph a result of heavy physical actmaty?
‘There 15 some indication that intansic factors play the domnant role, for
the evidence now available ind that indivaduals of phic frame
respond to exercise with greater screases m muscle mass than do indniduals
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level of musculanty According to Lindegard both the mmmal and marimal
musculanty attainable appears to be relatwvely constant for the mdnidual
which 15 indicatne of the importance of genetic factors i the develop-
ment of muscle tissues It 15 interesting to note that Jones (34) found that
with adolescent boys 75 percent of the vanance n strength was accounted
for by 5 factors related to body build leaving only a small portion for factots
associated with exercise Since no data werc presented on the exexcise pro-
grams of the subjects, this should not be mterpreted to mean that exercise
can be excluded as a vanable which may have contnbuted i some way to
differences in morphology

Sex anp GrowTin oF Sonatic Tissue DurinG CHiLpioon

Boys and men tend to be more muscular and heavier boned than guls and
women, whereas females possess a greater abundance of adipose hissue (54)
This 15 particularly true as the secondary sex charactenstics of adolescence
appear Howcser, 1t should be noted that early 1n life sex differences i the
hissue components exist Stuart and co workers (64 65,66) using roentgeno

- e egtvee v e -
tine amounts of muscle tissue asaslable to boys and gils no information

ttatne sex differences 1n the muscle tissue Indsrect cvidence on quahtaine
sex differences m active body tissuc 15 given in a study by Gam (31)

which boys and guls were parred on the basis of measures of muscle 2
Whan tho - C1 e

PR
brought about by exercise rcglmcns‘of the seacs 15 not hnown The '“"f:
would perhaps logically account for the difference because of the distinc
role assumed by cach sex 1 our culture, since strength and power ar€

heved to be male attnbutes and are more sought after by boys than g
cvenat the carher ages



EXERCISE AND GROWTH {47

Enpocrmne Funcrions v Growts

The rapid morphological and physiological changes which are character
wstic of the adolescent growth spurt are largely under the control of hor
mones While exact knowledge of the functional mnterrelationship existing
among the endocnine glands 1s still not known, the specific growth effects of
certamn of the hormones are reasonably well established There seems to be
Iittle doubt that the accelerated growth of the body dunng this penod 15 1n
a large measure due to the action of the pitmtary growth hormone Among
its numerous metabolic functions the growth hormone stimulates the proc
esses whereby protein 1s built into muscle tissue and fat 1s expended to meet
the mereasing energy demands of the body Duning the adolescent spurt the
protem building effects of the growth hormone are enhanced m the male by
the male hormone According to Korenchevsky ( 38 ) sheletal muscle shows
remarhable growth resp to n d weight
of muscle tissue and enlarged muscle fibers On the other hand, female hor
mones 1 themselves have the long term effect of inhibiting growth and offer
Iittle m the way of stimulus for mtrogen retention This then indicates a
rather fundamental sex difference mn the role which hormones play m
growth and offers some physiological basis for sex differences 1n the strength
and power potential of the adolescent male and female

The secretions of the adrenal cortex also play a sigmficant role m the
growth phenomena at adolescence While cortisone favors protemn catabo

- e P
duced 1n’the female as well as the male, thus providing a proper biochemi
cal setting for building protem m both sexes (23) However, the effects of
the androgemec steroids are normally kept 1 check m the female so that the
female does not develop the musculanty commonly seen i the male Only
m cases of adrenal tumors 1 which there 1s intense production of andro-
gens 15 there seen virthzation m the female with the unusual muscular de
velopment of the male type

There 15 general agreement that the adrenal cortex as well as the gonads
markedly increase their production of sex hormones at adolescence The fact
that the secretion of testosterone as well as the androgens and ocstrogens
may vary substanteally withur a scx, accounts for marked sanations i both
general morphology and musculanty wathmn a sex The rather defimite ferm
mine character of the physiques of some males and the masculine features of
some females provides visual evidence that the general morphology of the
sexcs are not clearly dichotomized The role which somatic androgeny plays
n affecting muscular development and strength s indicated by Bayley s
work (5) m which somatotype ratings were made on adolescent boys and

gutls with particular ref to making jud; on hmty fermnin




448 G LAWRENCE RARICK

ity tendencres w nhysiaue It 1s perhaps sigmficant to pomt out that while
the average stret
than that of the
stronger per uni o

The extent to which there 1s a close temporal relationsinp between i
creased endocrme actvity and increased mncrements m strength and size of
muscle tissug 15 not known Shock (s8) has demonstrated a close parallel
betwcen the amount of creatine excreted by the hidneys and growth 1
strength The creatine concentration m the unne 15 hnown to merease duf
ing early adolescence reachmg 1ts highest concentration at about the time of
masumum grow th in stem length and at about the time strength ncrements
are at the mavmum Tanner (68) 15 of the opunion that at adolescente
growth 1n muscle size comes first and 1s later followed by an increast 1t
strength He belieses that the strength inercases at thus time e due to the
action of adrenocortical and testicular hormones on the protemn structure
and enzyme activities wathin the muscle fibers The behef that growth comes
first and strength Iater 15 supported by the finding of Jones (34) who €
ports that with rapidly growing early matuning bogs growth i strength
tends to fall behind general body growth According to Tanuer (68) aboat
a year may pass before a boy just completing hus physical growth will have
the strength of the young adult of his size and build

It 15 mnteresting to note that the process of becormng adolescent frequently
accentuates certan physical attubutes of childhood For example, Gam
(19) demonstrated that boys who were muscular pnor to the adolescent
growth spurt tended to become disproportionately muscular, while rotund,
pootly developed boys showed little gan in musculanty duning carly adoles
cence How much these patterns of grow th may have been ifienced by dict
and cxercisc 15 not known While these diffcrences prior to adolescence are
probably assoctated with the hormonal pattern of the child, the onset of 35‘“’

adolescence

EXTRINSIC GROWTH FACTORS

OFf the many extrinsic factors which normally affect physical devclopments
nutnition 15 perhaps the most important The effect of improsed putatio®
m this country has significantly influenced physical growth trends This #
bome out by reports dunng the past two generations, which has¢ shown &
gradual increase m stature of Amencan children and youth For eamp
Meredith (46) noted that school boys of today are about 7 percent talles
and 14 percent heavier than bovs of equnalent ages 50 years ago Likenish
the ascrage height of Toronto school boys 13 to 14 years of age was found t0
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be approximately 9 centimeters greater than the average stature obtamned
50 years earlier (48) Conversely, the effects of a less desirable environ
mental sething are given m a report on German school children extending
overa go-year period mcluding both World Wars I and 11 1n which 2 marked
falling off 1n both height and weight was noted dunng these periods {32)
This was believed to be due to the marked reduction i calone, protem,
vitamun, and muneral content of the diet which accompanied the food
rationing penods of 1914-1920 and 1935-1945 respectively

In the case of young anmmals fed on a diet relativels nch m the essential
foodstuffs, but m quantity R to normal m

cles were of small dameter Children Iiing under conditions of extreme
deprnvation follow simular growth patterns and tend to protect therr himited
energy resources by a marked reduction i physical actiaty Under condr
tions where good nutntion prevails, physical actiaty 1s believed to be 1m
portant not only m creating a demand for food, but also 1n the effectne
utihzation of food as 1s indicated by the firm solid tissues which are charac
tenstic of the energetic healthy child The effects of exercise on growth can
hardly be constdered as a factor unrelated to nutnition for the sources of en
ergy needed to support physical activity must come from food, and m tum
the need for nounshment comes 1 part from the energy demands of exer
cise

Prolonged sliness and chromic disease can have a profound effect upon
the physical growth of children with accompanying loss of appente and
nutntional and metabolic disturbances However, illnesses of a more or
less temporary pature are not believed to markedly disturb the long range
pattern of growth For example, cumulative health records mantamned over
a penod of approimately 14 years by Hardy (26} showed that frequency
of illness had no discermble permanent effect on physical growth when com
pansons were made of the yearly gams made by those cases having much
tllness with those having hitle The data suggest that while illnesses of lim
ited duration may momentanly affect growth, the spurt i growth dunng
convalesence tends to put the child back on a normal schedule of develop
ment

Habits of sicep and rest canmot be ignured 35 wnportant factors m normmal
physical growth of chuldren The undesirable cffects of nadequate rest upon
the general health and nutntional state of children 15 widely recogmzed
Loss of appetite frequently occurs with children who have become chrom
cally fatigued The anabolic processes are beheved to occur pnmanly dunng
penods of sleep and rest, hence it has been stated that much of the child s
growng and lengthening occurs during skeep (9) Obsenvation of the slecp
patterns of children indicates that dunmg penods of rapid growth the organ
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1sm seems to demand more time for sleep There 15 a natural tie between
exercise and rest, for heavy excraise must be followed by the recuperatne
processes of rest, and 1n turn rest m the young 1s followed normally by the
desire for physical actiity

The scasonal cffects on growth, although not great, are sufficient to have
a measurable mfluence on growth cunves The evidence now 1s rather con
clusne that growth in height 15 fastest in the spring whereas the autumn
months are most favorable for gams m weight (18,57) Jones (34) reports
that seasonal vanations oceur 1 growth m strength duning adolescence, the
greatest gams being made m Apnl, the smallest 1n October Although the
biological factors imvolved 1n scasonal effects on growth are not known, some
belteve these vanations are due to differences 1n glandular actiity since
nutntional factors do not appear to be mvolved (68)

EXERCISC AS A FACTOR AFFECTING GROWTH
OF MUSCLE

Phystologists have repeatedly senfied the commonplace obsenation that
muscles increase in size as a result of regular periods of heavy physical exer
ase Gams m strength also accompany mcreases i muscle size although the

strength merements are usually proportionately greater than the increases it
miecla mrth Ae Nfae ‘ . to

P
fibers normally used (35) As muscular hypertrophy occurs there 15 also 3
mereased vasculanzation of muscle tissue, more particularly an ncrcasc 11
lhc‘caplllarzf bed of the exercised part Petren {51) bclieves that exercises of

~ [V
mtensity of exercise than to the duration Tlus was dcmonskialcd by Siebest
(60), who foreibly exerciscd rats over pertod of six months on motor
dmven drums In hys expenment all rats ran the same distance, but the Spec
of running was systematically vaned for different ammals Sicbert found
that the greatest muscular hypertrophy occurred 1n the leg muscles of the
ammals which were forced fo run at high speeds Only mild h}P"rm’ph’
was produced at moderate speeds of Tone darihon and only when the 2t€
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over long periods of time accomplishes ttle i the way of buildmg muscle
tissue or developmg strength

Accompanying the hypertrophy of exercise chemical changes occur m
the muscle tissue which melude substantial increases m muscle protem,
muscle glycogen, phospt me, and muscle } lobm (35) The ques

P
tion as to whether the stmulus for the hypertrophy of exercise 15 the me-
chanical myvolvement of tension and pressure or a chemical phenomenon 1s
not as yet clear Hettinger and Muller (29) present the view that exercise
tnggers the growth mechamsm i the muscle fiber only when an oxygen
deficat occurs The data presented by these researchers indicate that strength
mcreases most tapidly when the traiming load 1s ncreased from 13 to 34
maxmum tension The hypothesis proposed s that only when the load 15
approximately %4 maximum are ‘all the muscle fibers experiencing some
oxygen want Early work by Muller had indicated that approammately 20
percent of maxmmal strength could be held almost indefimtely and that
strength building effects were not noted until static contractions reached 14
the maximum level In stimulating muscle growth and building strength
Hettinger and Muller believe that sustamed 1sometric contractions are more
effective than 1sotomc contractions and that for each muscle there 1s a range
of exercise loads for building strength, the lower level bemg sufficient to
throw only a few fibers nto oxygen debt, while at the upper hmit (ap
proximately 24 masximal strength) all fibers are placed in oxygen debt

‘The possibility that chemcal agents formed in the contracting muscle may
actiate growth should not be overlooked, for Steinhaus (62) ctes evidence
that the feeding of tetamzed muscle tissue to tadpoles 15 effective 1n stimu
lating muscle growth The effects of testosterone and the androgens upon
muscle growth have been previously mentioned Increased actwity of cer
tain of the endocune glands during penods of traning has been suggested
as a possible stimulus for growth of muscle tissue Again the immediate stim
ulating factor 15 elusine As will be pomted out in the next section, a consid
erable body of evidence 15 aligned on the side of mechanical tension as the
most sigmficant factor 1n mitiating the teactions resulting 1 the mainte
nance and growth of muscle tissue

Stress as a Growth Stumulant  Athletic coaches and physical educators
base traming programs on the belief that when the human body 15 repeat
edly placed under conditions of physical stress the organs and tissues in
\Uhved tend to react by overcompensatng both stractaraliy and fenchorally
1n such a way that gradual improi ement n performance results The valdity
of this concept has been established not only in respect to the muscular
hypertrophy associated with heavy physical activity but also in the compen
satory responses of the body to biological stresses of many linds As one ex
ample, m embryological development stress 1s recogmized as a major mor
phogenetic factor particularly for tissues of mesenchymal ongin In the
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structural desclopment of cartilage, bone, blood vesscls, fascia, and muscles
the onentation of the cells and the mtercellular fiber systems 15 dependent
upon the mechamical tensions mvolved, such onentation oceurrng 1 the
direction of the applicd stress Weiss (72) states that many of the tensions
occurning dunng normal development are from intnnsic sources and are
the result of the mnterplay of local slufts in intensities of growth myolving
stresses brought on by expanding or contracting arcas This does not pre
clude the mfluence of extrmsic tensions m onenting the form and direction
of growth In fact, 1t 15 recogmized that any physical force which affects the
ouentation of the molecular matnx of the cells may alter structural design

While 1t 15 recogmized that physical stress 15 mmportant 1n shaping the
structural arrangement of tissues, 1t must be realized that tension 1s not the
determuntng factor i cell differentiation It may, howeser, be a sigmificant
factor m enabhing the cells to achieve termnal transformations for which
they were ongmally predisposed Tor as Weiss points out myoblasts will not
develop into muscle cells 1n the absence of stretch Howeser, stretch cannot
transform a non myoblast mto a muscle fiber Stresses then of erther minn
sic or extunsic ongin appear to be capable of not only altening the orenta
tion of structure during early development, but appear to be important
helping cells, partrcularly those of mesenchymal ongun, realize their destin
i the growth of normal body structures

Hellebrandt and Houtz (28) pomt out the mmportance of overload stress
In nereasing the capacity of the human body to perform severe ecicis
They beleve that the increased capacity for work brought about by oser
load stress 15 1n a large measure due to changes mn the central nervous 58
tem and not, at least imtially, to changes in basic structure The fact that
performance changes scem to occur more rapidly than modificabons 1
structure grves support to this point of v1ew

Denenation Atrophy and Atrophy of Disuse  Additional insight to the
matrix of factors which affects the growth and maintenance of muscle tissue
has been gamcd from obsenations which have been made on denenation
atrophy and atrophy of disuse (16) In cases where the nerve supply to the
muscle s lost there 15 a gradual wasting away of the active muscle tissuc As
Fischer (15) pomts out, the loss 15 charactenzed by a dechine 1n muscle wet
werght and muscle phase volume, a reduction 1n myogen, actm, and m)"s":
and an increase 1n fibrous tissue and myoalbumn It should be noted tha
Kosman and others (39) found that m the case of denenated muscle, 1o
m tension occurred more rapidly and to a greater extent than woight loss
The fact that these workers noted that tension returned more rapidly on 1€
nenation than the increase 1n weight, suggests that the gams mn the pm’;"
plasm fixing power of the muscle ar¢ in some way enhanced as the muscé
Tegame e i .
mal w
cated .
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Hines (31) demonstrated, dally weak galvame stimulation had only a mald
effect m retarding the waght loss of denenvation atrophy, whereas pro
longed and strong daily galvamie or faradic stimulation not only markedly re
tarded muscular weight loss, but also accelerated the return of muscle to its
ongmal size after re mnenation There 1s general agreement that electncal
treatment can slow down the weight loss mn denervated muscle Present re
search has also demonstrated that the use of electrical treatment with dener
vated muscles has the effect of maimtamng larger and stronger muscle fibers
at the time of m:tial re mnenvation than would have occurred without the
treatment Those who hold to the theory that the tension effects are 1m
portant 1 stimulating grow th of muscle can point to the evidence of Fischer
and Ramsey (17) m which stimulation of a loaded extremity proved to be
more effective than stimulation of an unloaded muscle in preventing loss of
muscle protemn m denervation atrophy

The rate at which the muscle atropres with deneration 1s relatnely
rapid, for the muscle loses approamately 40 percent of 1ts dry weight n 2
weeks, 50 percent n 4 weeks, and 6o percent i 12 weeks The rapid loss m
muscle tissue brought on by denervation 1s believed by some to be due to the
energy used 1n the endless, haphazard contractions of muscular fibnllation
which begms 7 to 10 days after denervation and continues as long as con
tractile tissue remams Howeser, Abramson (1) aites evidence that electrical
stimulation retards the rate of atrophy without reducing the fibnllation This
would suggest that the atrophy 1s not entirely a function of the muscular fi
bullation which 1s brought on by denenation

In atrophy of disuse resulting from :mmobilization of a part the rate of
atrophy approaches that of denenation (30) When the muscle 15 made
completely quiet by cutting all dorsal roots and transcction of the cord, the
rate of atrophy 15 the same as that under conditions of denenvation (69)
Likewise, 1n tenotomy atrophy sets i at the same rate as 1 the case of de
nervation but with no accompanying fibnllation Apphcation of passne
tension to the muscle docs not 1n 1tself prevent atrophy 1n cases of denena
tion, nor 1s atrophy prevented by actrvation of the muscle under conditions
m which the normal tenston producing function of the muscle 15 lost by
sevenng the tendon of mscrtion Therefore the actrve tension produced by
the muscular contractton itself would appear to be the factor which pre
vents atrophy, for the greater the nterference with thus function, the more
extensive the atrophy This parallels what 15 known about the hypertrophy
resultimg from heavy exercise, the more tension the muscle 1s called upon to
develop, the greater the hypertrophy

EXERCISE AND BONL GROWTH

Stemnhaus (62) m an carly review of research on the chrome cffects of
axercise found httle agrcement among rescarch workers concerning the
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Tong term effect of exeraise on long bone growth In citing evidence drawn
cluefly from studies conducted m Europe, Stemhaus reported that a sub
stantual body of these data supported the belef that the pressure effects of
excreisc on the epiphyses of bones had a stimulating effect on growth up to
an optimal length, but excessive and prolonged pressure retarded growth
Ludence of the effects of mactnation was presented from studies m which
one hmb 1n dogs was mactnated by a stuff bandage, resulting m bones
lighter in weight and wath less mimeral matter than in the bones of the ac
tive imbs However, the bones in the immobilized Iimb tended to be longer
and slenderer with hustological evidence of more growth at the epiphyseal
line The accelerated actinaty of the cptphyscal line was beheved to be due
to the lack of growth slowing pressurc on the ends of the bones, whereas the
slender character of the bones was attrbuted to the absence of the growth
stinulating effect of muscular tension on lateral bone growth

Envidence obtained from humans who have become bedfast gives some
wsight mto the role which physical actwvity plays in maintaining the normal
structure of bone tissue Asher (4), m pointing out the dangers of pro]ongcd
bed rest, states that bones which are not subjected to normal use lose ca!cnun:

weeks There 1s also an associated mitrogen loss dunng this penod which
shows that complete physical mactiaty results 1n 2 depletion of the noma!
stores of both calcium and protem Upon restoration of a program of actn
ity there occurs a positive caleium and mitrogen balance

In motor paralysis the density of bone declines Regardless of the causé
muscular atrophy i children brings about a decrcase i both bone diameief

[ R
but later the cffects of disuse retarded hincar growth by 25 much as 2010 35
percent This led Howell to conclude that length of bone and the basic fex
tures 1 bony confj 1on are d d by wherent factoss, \\hcrrﬁj
: '

. 5. o
by Towcr (69) under conditions 1 which the normal nene supply to the
bone was retained but the part under observation was kept mactive The &
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sults ehmnated neurotrophic action as a growth stumulant 1 the absence
of nenously mtiated activity 1 muscle The author concluded that func
tion such as the weight beanng effect on the lower extremitics was the pnt
mary factor i the maintenance of bone density Apparently the tension
produced by muscle on bones and the pressure effects of supporting the body
weight are of pnmary importance m mamtaming the mtegnty of bone tissue

GROWTH STIMULATING EFFECTS OF
PROTRACTED EXERCISE REGIMENS

The previous sections have indicated that certamn undefined mmima of
muscular exercise are necessary for mamtaimng normal muscle and bone
tissue and that muscular hypertrophy can be attained in a matter of a few
weeks by mtensive muscular traiming The mmportance of recogmzng the
tole which nature plays in shaping devclopmental design has been empha
sized as has the modifying influence of certarn environmental factors At
tention will now be given to examuining nformation on the growth effects
of extended penods of physical exercise Obviously controlled expenmenta
tion on human subjects in which the exercise vanable can be carefully ma
mipulated over a penod of 12 to 15 years 15 impracticable Hence one must
turn to expenmental work performed on ammals where effectve controls

time of heavy exercise on the physical growth of ammals are nmted 1 num
ber The work of Donaldson and Mecser (12), who observed the effects of
exercise on two families of albmo rats followed throngh seven generations,
15 noteworthy These mvestigators using litter mates as control and ex
penmental animals observed the effects of daily exercise begun on the s6th
day of life and continued for the net 170 days (human age equualent, 4 5
years to 19 years) Each exp tal animal ran app ly 5 mules per
day 1 a revolving cage, the distance varying from 2z 4 mules to 126 miles
depending on the age of the ammal Each paired control was kept n a
stationary cage duning the 1-o days of the expertment At the conclusion
of the expenimental peniod all expenimental and control animals were hilled
and the vanions hissucs and organs were weighed The findings of the study
showed that exercise 1n the male did not shimulate growth n either length
or weight dunng this period However, n the female exercise resulted m rats
slightly larger than the controls Asa result of exercise most of the mternal
organs in both

controls Since

cluded there m.. .

gomng loss 1 weight, this was assumed to be fat Furthermore, the epen
menters luded that apparently a sex diff in 1esp to exercise
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did cxast, mn that the female was more resistant than the male n respect to
depletion of body fat The view was expressed that the rats exposcd to ample
exercise were living under circumstances favorable for supporting healthful
arculatory and metabolic conditions and that the response to exercise was
most likely an expression of the capacity of the formed cells to respond In
the view of the wntters the capacity for change was limited and therefore the
response to a stimulus such as exercise depended on the cxtent to which
the cells of the respondmg organs had reached the size limits mmposed by
nature It 15 interesting to note that therc was a moderate increase m the
wetght of the musculature which was m part mashed by the loss of fat In
creases were large in the weight of the heart, ladneys, suprarenals, and gon
ads, whercas the thyroid and liver were smaller than m the controls In mak
ing inferences to humans, the authors pointed out that several studies hate
ndicated that in many ways the internal chemistry of man and the rat are
sumlar and that there 1s reason to behieve that man and rat are 1n like de
velopmental phases at relatively equivalent ages The authors could find no
evidence of cumulative effects of exercise from generation to gencration
Hatar (27), m an cather study on albmo rats 1 which the ammals were
exerased from the third through the sivth month of hic (human equualent,
7 t0 14 years), observed that the exercised anmals showed shghtly greater
gaws in weight than the unevercised controls but no difference m length
Substantially greater gawns were shown by the exercised animals i heart and
hidney weght with shightly greater gams 1n bram weight The ammals
which were exercised for only 30 days showed proporhionally smaller gains
One of the questions which 1s frequently raised concerning cercisc an
growth 1s the cffect upon growth of the time 1n the growth cycle when ever
¢ise 15 mtroduced Donaldson (10) studied tlus problem with albmo 1als
starting the excrese program with a small group of expenmental ammals
when they were 25 days old (human cqunalent of 21 ycars) and runming
them 0 6 nule per day 1n drum cages fora penod of 31 days A sccond group
began exercise at 200 days (human cqunalent of 166 ycars), runmng 12
mules per day for a penod of go days When compared to the controls the
rats beginning the cxercise at 200 days showcd increases in tissucs and 0rgans
sunilar to those given exercise carly m hfe The percentage deviations We1€
approximately three times as great for the older rats and since the penod o
traiming for this group was about three times as long as for the younger ant
mals, the author concluded that the response to cxercise was of the Sﬂmi
order regardless of age The deviations were proportional to the duration o
the traming penod and not a function of cither age or the normal processcs
of g‘m\v‘th ata particularage level B
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an extended program of exercise This procedure was followed by Donald
son and Messer {13) m which 6 male and 6 female albmo rats were exer
cised from the 57th to the 147th day of hfe while an equivalent number of
litter mates previously exercised were Lept as controls in stationary cages At
the termination of this peniod both the exercised antmals and the controls
were killed and examined Another series of animals was exercised similarly,
but at the end of the go-day penod of actvity the tats were moved to sta
tionary cages for 100 days of mactivity A third group was given 150 days of
mactvity following the go-day period of exercise In each mstance tissue
analyses were made of expenimental animals and controls at the conclusion
of the peniod of mactnaty This method was used to ascertan the extent to
which vaned periods of rest would alter any gams brought about by exercise
In general the results showed that for all organs and tissues examimned,
growth was accelerated dunng the go-day peniod of exercise, but with the
subsequent rest period the organ weights of the exercised ammals tended to
Tegress toward the weights of the controls However, following the penods
of mactwity the organ weights of the exercised animals were still somewhat
the greater The extent to which the organ weights of the exercised animals
returned to normal * appeared to be a function of the length of the peniod
of mactnity, bemng greatest following the 150 days of rest The tendency of
the organs and tissues to return to the size of the unexercised controls was
not due, according ta the investigators, to shnnkage by abstraction of flud,
but rather to retardation of growth dunng the mterval of wactivity These
data would suggest that protracted exercise programs hase a favorable ef
fect on the growth of rats which 1s still apparent after long pentods of mac
taty

In summanzing hus studies on the effects of exercise on the growth of the
albino rat, Donaldson (11) concluded that body weight and body length
tended to improve shightly under extended peniods of moderate or vigorous
excrase, the effects bemg more noticeable n the female than n the male
The general trend for accelerated growth was attributed to mproved nutn
tional status with an accumulation of muscle tissue and loss of fat With
moderate exercise the gains 1n weight were marked, however, with excessne
exercise there tended to be a loss m total werght

Most authonties who have expenmented on the rat agree that prolonged
vigorous exercise results m increase 1 organ wetght, musculature, and bone
weight with a drop m body fat The impetus gisen to growth by excrcise ap
pled dunng a portion of the penod of growth tends to persist even after
protracted penods of rest The charactenstically greater gans achieved by
the evercised female as compared to the male 15 attnibuted by Donaldson to
the tole which exercise plays 1n releasing the organs of the female from the
mhubiting forces which normally restramn growth Donaldson’s findings that
evercise tends to increase the size of leg bones i rats is supported by data
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presented by Stemhaus (63) n which daily exercise of dogs amounting to
6 miles per day resulted 1n approximately 5 percent mcrease m leg bone
length

The importance of exeraise m influencing the qualitative aspects of soft
tissues should not be underestimated For example, Mayer (45) found that
the difference 1n the fat content of the tissues of obese and nonobesc am
mals was not so much a diff m calonc ption as in energy out
put Nonfasted nonobese ammals were found by Mager to be 50 to 100
times more active than obese ammals, thus providing some evidence of the
importance of actvity in nfluencing the deposition of fat in animals The
fact that mactvity usually preceded the devclopment of obesity led Mayer
to conclude that mactivity must be considered as a predisposing factorn the
etiology of obesity As has been pomnted out earlier one of the major differ
ences 1 the growth of exercised and unexercised ammals 15 the relatiely
smaller amount of body fat 1n the exercised anmmals and the pmportwna:cﬂ
greater amounts of active muscle tissue

Observations on Humans  Most studies concemed with the growth of
fects of exercise on bodily dimensions of humans have been conducted over
a hmited pentod of time and the majonty have dealt with subjects at or neat
their adult body size Only a few studies are avarlable m which the exer
cise vanable 15 clearly enough defincd and extensine cnough m duration to
permit cven tentative conclustons to be drawn One of the few attempts to
cxamne the growth effects of heavy physteal activity dunng childhood s
the investigation teported by Adams (3) n which 100 Negro women, 17 to
21 years of age who had undergone a hfetime of hard manual labor were
compared on the basis of several anthropometnic measures with 100 y0UT8
women of similar age who had engaged m no heavy manual labor The find
ings showed that the women whe had engaged 1n heavy labor from carly
chuldhood were taller and heavier at the conclusion of the growng jear
"

Plantations and smce the group came from a lower sociocconomic E“’“Ii
Ehan the nonworking Negrocs, the authors concluded that the differents

or examiming the more lasting cffects of cxeresse The view has been ?‘
pressed that the domunant hand and nem men € an st Taener than e
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1anges 1 to 4 years and 5 to 8 years found that cluldren m the older age
range tended more frequently to have longer night arms, forearms, forearms
and hands, and wider palms than did children 1n the 1 to 4 year age range
With college age adults the author found that the discrepancies between
nght and left sides were mn the same direction as for the children, but greater
m magmtude The findings indicate that the increasing use of the nght arm
with advancing age carmes with it structural advances favonng the nght up
per extremity This argument 15 strengthened by the recent findings of
Bushuk, et @l (7), m which 1t was demonstrated that anthropometnc and
roentgenographic measurement of the hands and forearms of scven na
tionally ranked tennis players showed sigmficantly greater osseous and mus
cular develop 1 the d than n the d member The
1nvestigators also obtained measures on a small sample of non tenms playing
soldiers and while differences 1 size were noted favonng the nght over the
left hand and arm n these subjects the differences were much less than the
laterahity differences for the tenms players Since all of the tennis players had
participated i this achivity extensively tn their teens, the authors expressed
the view that exercise must have brought about some alteration in the osse

tremuties with the added burden of weight beanng would result 1 both

. N . o
the amount of muscular force they can develop Marhin (4¢) and Kintis
{36) noted that with boys 1n the age range 5 through 11 jears gans m body
strength occurred at a faster rate than mcreases in weight Asmussen and
Heebgll Nielson (2) mn cheching actual gains i strength of boys in the age
range 7 to 17 years against theoretical values based upon computed indices
of body mass and muscle cross section, found that the observed gans m
strength substantially exceeded the theoretical values based upon indices of
size According to these wrters the additional strength over and above that
which might be expected to result from normal growth 1s explained either
as a result of quahitatise changes 1 the muscle tissue, or by more eﬁectxve
neural mechanisms which provide an d ability to mobl
power voluntanly With adsancmng age the child 1s perhaps able to call on
more motor umts simultancously i an all-out effort Most certainly the ef
fects of exercise upon muscle hissue dunng the growing years cannot be in
terprcted solely 1n terms of changes m muscle guths for the mncreases in
functional power surpass the increases 1 size Of even greater sigmificance
15 the 1mp t n cffi and of mo t which
according to Stemhaus (62) 1s the most prominent effect of trammg

It 15 evident from the data now available on the effects of exercise on
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growth that one must be cautious in drawng conclusions If growth is used
1 ats broadest sense, there 15 httle doubt that development of nearomuscu
lar shall mproved efficiency of muscular movement, and mcreased capacity
of the organism to perform work are all the direct result of systematic prac
tice and traming However, i Tespect to the morphological changes brought
about by exercise the picture 15 not so clear There seems to be httle question
that certain mumma of muscular activity are essential for supporting
normal growth and for maintaiming the protoplasmic mtegnty of the tis
sues What these mumma mean in terms of intensity and duration of ac
twity has not been ascertained Most certainly, the drive for physical actiuty
n the healthy young child 1s so strong that these ‘imma  represent onlya
{ A 1 ~m m The oin hetueen
t
1

raw v . -~

~ b ] v
ably changed muscle tissue as fatty tissue dechines Likewase heavy
- T

mals the nternal organs such as the heart, kidneys, and suprarenals, which
are called upon to act vigorously n stress situatians, show positive growth
1esponses to exercise

Studies on ammals indicate that the time of ntroduction of the esercse
program 1nto the hife cycle of the animal 1s of less cansequence than the de
ration ot intensity of the program One might hypothesize that with ho
mans more should be pained by introdncing the program at the time \\hcr:

M -

somatic tissue
The way in which cxercise tnggers the growth mechanisms 15 not lnown
There seems to he little donbt that stress i the farm of mechamical tensio?

o
of body cclls and 1 increasing the work eapacity of the body, mte
rather than duration of activity being the cnitical factor

In apprasing our knowledge of the growth stimulahing cffects of “;‘r
cise, one must heep in mund that the capaaity for growth 15 not the same &
all indiiduals This 1s borne out by the limited data now available whie
wdicates that extended penods of excreise bung about more pronoun
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changes 1 the pattern of growth for individuals of mesomorphic build than
for linear framed chuldren However, general observation gives some support
to the view that exercise by increasing the desire for food benefits nutnition
and plays a supporting role 1 adding solid tissue to the slender small boned
cluld Lakewise, the mmpetus which nature gives to somatic tissue develop
ment at adolescence provides the medwm through wiich exercise may
rather extensisely accentuate the muscle bulding powers of the male at this
time

1t should be Lept m nund that the effects of exercise on growth cannot be
entirely 1solated from other growth sanables, for the demands of exercise
require rather extensive cnculatory and metabolic adjustments which affect
the entire body While 1 d of the beneficial effects of vig
orous exexrcise upon the growth of all organ systems of the body has not been
established, contnued use normally prod improved phystological re
sponses 1n body cells The possibility that an mactive childhood may be the
forerunner of undesirable developmental trends has not been adequately
explored There 15, however, some evidence to indicate that obesity may
have its roots m childhood and that much of the problem of the slow and
msidions accurnulation of weight can be traced to physical nactty (67)

Much remains to be learned concerning the effects of exercise on human
growth At the present time recommendations concerning exercise programs
for cluldren are based pnimanly on expenience rather than scientifically de
nved facts All too httle information 1s available on the amount of exercise
which children of varying matunty lesels and different physiques need
order to achieve optimum growth The effects of exercise on physical grow th
can best be ascertamed by making repeated obsersations on the same chil
dren over a long peniod of time under conditions i which the exercise van
able can be applied under well-controlled conditions Even under the best
of crrcumstances the problem of controlling nutntional factors and matters
of daily routme makes such an undertaking difficult While only limuted
generalizahons can now be drawn from anumal expenmentation and from
fragmentary data on humans, scientific information 15 gradually bemng ac
cumulated which will serve as a gumde for deseloping more adequate pro
grams of physical education for children and youth
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SUMMARY

Studies of age differences in the plysiology of exercise indicate that musch
strength and ability to mamtain coordinated muscle work decrease with u:
crease i age from @ maxunum in young adults 30 years old The maxnru;ll
rate of oxygen uptake and maximum lung ventidation during exercxsehﬂ
show a marked decline with wicrease i age During submaximal work 0:
ever, there 1s an increase lung ventilation with merease age Manmur
heart rate decreases by about 40 beats per nunute from age zo to age 75]
Mech ! efficiency of lar work has been shown to decrease more .
old subjects than young subjects when work rate 1s decreased Slmm;gxw
physiological recovery from exercise and failure of coordiation of the ﬂol
physwlogieal p es may be partly responsible for reduced performance

p
older chple The rahdity of physical fitness tests for older people 15 ds
cussed

INTRODUCTION

senendl
single organ system or to fmlure of tegration of the responscs of
organ systems
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Studies of aging and the aged generate ther own special problems For
example, the differences between ndwviduals or groups of indniduals of
different ages are not necessanily the same as the changes that occur within
indwviduals or groups as they grow alder The former companson, sometimes
referred to as cross sectional, can be made without waiting a fimte time for
alteration of the paramctcr or function being measured The latter com
panson, longitudinal in nature, demands contmuty of the sample Nerther
of these approaches 15 free of samphng difficulties In the cross sectional ap
proach, the question of the comparability of the subjects mn the vanous age
groups often anses This s a difficult question to resolve for the deternuna
tion of the genetic consthitution or even the medical hustory of a large group
of humans 1s a nearly impossible task Moreoyer, arguments that genetic or
emvronmental effects cancel out m the longitudmal approach are not vahd
unless (1) genetic factors are 1dentified at burth and are assumed to be free
of alteration (mutation) with the passage of time and (2) environmental
factors are controlled or minutely recorded dunng the test penod The
practical alternative to such idealistic barners to progress 1s to accept the
vanance of such genetic and environmental effects as are difficult to elimt
nate, and to proceed with the dentification of those age differences which
emerge 1n spite of the lugh vanance Since this approach 1s far from unim
peachable, reasonable precautions are taken Because of the mcreased m
eidence of recogmzable discase 1 older people, the pertinent effects of such
disease must be evaluated n the population under study Medical selection
and description are employed for subjects of physiological tests, for example,
to elmnate or account for the gross deficiencies 1 the organ sustem or §35
tems under test

‘The present paper will have a pumanly physiological onentation We wall
attempt to present a review of the physiological hiterature as 1t pertaws to
old people Where quantitative data are not available, we will indrcate the
need therefor The application of physical fitness tests to older people will
be reviewed and the relation of these tests to pertnent physiological litera
ture will be discussed

THE PHYSIOLOGY OF EXERCISE IN THE AGED

STrencTi AND MaxiMunr Work Oureur

Ni reports of dy gls of muscle strength n
dicate that there 1s a marhed reduction 1n strength with increase m age As
carly as 1835 Quetelet (44) made thus type of obscrvation for young and
old subjects In subsequent studies Galton (47), Reys (45), and Ufland
(58) have collected strength data on 7000, 3000 and qooo subjects respec
tnely These data indicate that there was better maintenance of strength
older people than was found by Quetclet Simonson (52) has inferred a
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relationship between this inprovement n strength mawntenance of older
people and the ncrease m life span from Quetelet’s time (1835) to the
time of Reys’ study (1921) Fisher and Birren (19) have discussed the it
tations of sampling of some of these studies

Miles (34) has used the simultaneous gnip test m which the subject gups
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Fic 241 Scores (kg) of the sunultaneous
gnp test of Miles (34) are plotted aganst age
(year) for o4 men and 553 women from 25 to
89 years old Scores of doninant hands for males
A, and females, o, are separated from scores of
subordinate hands of males, &, and females, O

'
two hand dynamometers at once His results for 604 men and 553 “omt’n
are shown 1n I'ig 241 Burke, ¢t af (9) have shown (Fig 24 2) that Er,f:
strength endurance, as well as gnp strength decreases with nerease it 32 ied
147 subjects from 20 to 79 years old Gup strength cndurance %35 de IJ

*Subjeets were from a closed sample selected so that for cach age sem d“ﬂc:]utr::
proportion of subjects with grade school, high school college, and superor collse
tion was about equal



EXERCISE IN THE ADULT YEARS 469

as the average strength that could be mamtaned for one mmute Although
the number of subjects in the higher age groups of both studies was small 1t
seems clear that between 6o and 8g years both gnp strength and gnp
strength endurance are reduced at a greater rate than between 30 and 59
years

Several authors have reported of

i q J
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Fic 242 Mean salues of gnp strength o and gnf.
strength endurance & (kg ) from the data of Burke et al
(9) are plotted agamnst age (year) Smoothed curves cal
culated from the data by the authors are supenmposed

muscular actvity 1n older subjects Robinson (46) reports that 3 men from
73 to 76 years of age were able to walk for 5 minutes at 5 6 kilometers per
hour on a motor dnsen treadmull set at an angle of 86 percent If we cal
culate work done m chmbing the grade and neglect the work done 1n mov
mg the body up and down 1 walkng this corresponds to a rate of work of
abaut 540 kg m /min Robmson s young subjects ran at a speed which ex
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hausted them n two to five minutes Calenlations of work rate from condt
tions of exercise adminmistered by Sartorellt and Scotti (49) to their 10 sub-
Jects hetween 7o and 78 years of age indicate that these subjects may have
walked at work rates as high as 475 kg m /min until metabolic eqmlibnum
was teached Some of our subjects® performed a cranking exercise with thew
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bussts of exercse (5 to 30 seconds) was decreased wath increased cranling
rate The Iughest work rates for the older subjects were attamed at cranking
rates of arcund yo tpm and decreased to work rates of about 350 hgmi /
mun at cranking wates of 110 £ pm The work rate that was mamtained with

out decrement for one minute was
40 percent of these maxima, both
n old and young subjects Thus
our subjects over o years of age
mamtamed an avemgc manua]
work rate of 325 kgm /mun for
oune munute as compared to 760
kgm /min for the young subjects
Followsng this plateau there was a
slow decrement 1n work rate unt}
the work was discontinued

The only longitudnal data of
this sort have been reported by
Dawson {12} for bicycle ergometer
ndes by humself at 41, 53, 57, 68,
and 71 years of age The subject
tramed for the exercise bouts by
Tsnmng, walking, monntan-chmb
ing, and prachiang on s bicycle
ergometer The average work rate
shown i Fig 24 4 for sommute
ndes decreased from 1380 kgm /
mun at 41 years of age to g53
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kgm /mm at 71 years of age The
low values at 53 and 68 years of
age are explamed by the authors
as due to technical difficaltres sack
as ymproper adjustment of the
bicycle ergometer seat Nonethe
less, the relatne performance based on the work nate at 41 years of age
dropped to 52 percent by 71 years
Androgen {methy testosterone) has been shown to effect strength and
work output 1 older subjects Sumonson, Keatns, aad Enzer (53) have 1e
ported umprovement of weght hiting (8 1bs, 1 meter, 20 tumes/mun ),
weight support time (8 Ibs ) and back muscle streugth wesultng from ad
munistration of methy! testosterone (40 mg /day) ta & subjects from 48 to
&7 years of age Before the subjects plained of excessne
fatigability but had no detectable pathology Two of the subjects were
d at levels of mmproved p for = months and 8 manths
on 20 mg /day and 30 mg /day of methy] testosterone tespectnely Although

AGE {YEARS)

Fic 244 Work rate (kgm /ot } 15
plotted agmnst age {ycar) for a subject
who perfonned repeated measurements
on himself (12)
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hausted them m two to five minutes Caleulations of work rate from conds
tions of exercise admimstered by Sartorelli and Scotti {49) to their 10 sub-
Jects between 7o and 78 years of age indicate that these subjects may have
walked at work rates as high as 475 kg m /min. until metabohic equilibnum
was reached Some of our subjects® performed a cranking exercisc with ther
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erated ergometer which we used was proportional to the work doné o2 !
ergometer and was recorded thronehout the evereies nenad Fip 243 shows
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bursts of everose (5 to 10 seconds) was decreased wath mcreased craaking
rate The highest wosh rates for the older subjects wese attamed at eranhing
sates of around 70 rpm and decreased to work tates of about 350 kgm /
nua at crankeng rates of 3307 pn The work rate that was mamtasned with
gut decrement for one mumute was
40 pereent of these maxima, both L 7 T T T Ik
m old and young subjects Thus 2000
aur subjects over 7o years of age
mamtamed an average manual
work rate of 325 \gm /mmn for
one minute as compared to 760
Agm fmun for the young subjects
Following this plateau there was a
slow dectement m work rate until
the work was discontinived

The only longtuding) data of
this sort have bheen reported by
Davson (22) for bicycle esgometer
ndes by himself at 41, 53, 57, 68,
and 71 years of age The subject
tramed for the exercise bouts by
runmng, walking, mountain-chmb-
wg, and practcing on his bigyde
ergometer The average wotk rate
shown in Fig 244 for 3omnute 500 - .
ndes decreased from 1380 hgm / 1 { i \
mm at 42 years of age to 953 20 50 60 10
kgm /min at 71 years of age The AGE (YEARS)
low alucs at 53 and 68 years of

1500 [-' -~

.
1000 }- -

WORK RATE (kom smun }

Fic 244 Work rate (kg m /mm } 15
age are explawed by the authors bt
a5 due to techncal dificulnes such £ otted “Faw',"fpr:') for @ subjeo

ha perf

as wmproper adjustment of the oy humself (12)
bitycle ergometer seat Nonethe-
fess, the relatine performance based on the work rate at 45 sears of age
dropped to 52 percent by 71 seats

Androgen (metly} testosterone) has been shown to effect strength and
work output sn older subjects Swnanson, Keams, and Enzer {53) have 5e
ported mprovement of weight hitng (8 lbs, 1+ meter, 20 tumesfmn ),
weight support time (8 Ibs } and back muscle strength resulting from ad
ministration of methy) testosterane {40 mg /day) to 6 subjects from 48 te
67 years of age Before treatment, the subjects complaned of excessune
fatigability but had no & ble pathologs Thwo of the subjects were
mamlamed at Jevels of improted performance for z months and § months
on 20 mg /day and 30 mg /day of methyl testasterone respectnely Although
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these positive effects of androgen therapy are encouraging in these subjects
who complamcd of fabigability, the authors pomt out that the 1dentification
of the basic cffect should be made m subjects who do not have such com
plants Smnce androgens mduce a wide vanety of metabolic and physiolog
cal effects, their admimistration to older people can be recommended only
on an indvidual basis on the advice and under the control of a physician

Lack of motivation of the subject might cause low estimates of perform
ance Although thus possible source of error 15 always present, most worhers
agree that most subjects are adequatcly motivated and that this judgement
must be made on an individual basis

Thus not only do strength and static endurance decrease with merease 1
age but the ability to perform and matntain activities requinng coordination
of movements 15 imparred If d m strength truly reflects reduced mus
lature m the aged, then the reduction m abibty for coordinated moie
ments might be explained i terms of a decrease 1n the anatomical capacity
for work 1f on the other hand reduced strength reflects a large component
of neurological madequacy, then functional and stiuctural changes 1 the

nervous system might be pumanly responsible for reduced performance B
older people

Oxveen Urrake (INTARE) Responses

Valentin and his co workers ( 59) obtamed values for average maximum
oxygen uptake n normal subjects between 12 and 8o years of age The exer
eise was performed on a crank ergometer which msolved the muscles of the
cxtremities and trunh The work level was set by askng a subject to pesform
at successive work levels which mcreased by increments of 30 watts (30, bo
99, 120, and 150 watts and so forth) On another day, the lughest work nate
which could be mamtamed for two mmutes was petformed and the meas
urements of oxygen uptake were made Mean values were obtamed for 30
subjects i each z year age group from 12
m the double decade 20 to 40 years, and
year age spans up through 8o years of age * .. . o
mereased from 186 1 /mm m the 12and 13 year old group to a maxxmu‘ndl
of 302 1/mm m the 18and 19-ycarold group and the zo—tﬂ«}'})eaw1
double decade Average maximum oxygen uptake then decreased umformy
103851 /mn 1n the 6oto-7o-year old group and 160 1 /mun m the 701
8oyearold group In Fig 24 5{A) these values may be compared to those
found by Robinson (46) for men running on a treadmsll All of Ius subjects
under 73 years of age ran at a rate which exhausted them sn z to § ““"““;
The average duration of these runs was m excess of 3 5 mmutes In Jus sul
Jects over 20 years of age, the maxumum oxygen uptake values were con
sistently hugher than those reported by Valentin However, discrepance
between these two sets of data of as much as onc half hter per nunute 05[
curred only in subjects from 18 to 40 years of age Robison did not attemp
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exhausting exercise m his subjects between 73 and 78 years of age and the
average maximum oxygen uptahe for these 3 subjects agreed quite well wath
the average of 161 /min reported by Valentin i the similar age decade
Dilt (13) bas reported the results of a longstudsmal study of masumal oxy
gen uptake on himself from the age of 37 to age 50 A later report (14) ex
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Fic 245 Maumum ventlation volume (B) and man
mum oxygen uptake (A) values (I /mm ) are plotted agamst
age (year) for the expermental condiions of the data of
Valentin et al (e 59} and the experimental conditions of
the data of Robinson (O 46)

tends thus age range to 66 years Fig 246 shows these values The values up
to age 4o show a level of manimal oxygen uptake of about 33 1/min Thss
1s follow ed by a gradual reduction toa levelof 2 81 /min atage 66
The sesponses of oxygen uptahe to sul 1 exercise of
duration to permit bolic equilib are dmn Fig 247 The
treadmll exercise data are summanzed by sohd hnes The data of Pasar
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giklian, et al (43} For 18 subjects between b5 and y3 years of age goe
oxygen uptake responses for 7 watk levels between 100 and foo kg m fmo
(B) as well as for 10 work levels from 100 to 750 hg m /mun 1 § 25yeat
old subjects (C) The data of Robinson at 570 kg m /ma ar¢ mt good
ageement wath those of Pasargihlian for young subjects However, the rate
T T i T of merease of oxygen uptake with
. mcrease m work tate s reduced
at work rates above 430 kg m/
33 o 4 mm m the 65 to 73 yearald sub
LA ] jects of Pasargikian {B) In this
324 | group the mcrease i oxpgen vp-
. take for an mncrease betneen 500
and 600 kg m /min of work mte
34 ~ 1sonly 50 cc /mun as opposed to
250 cc /mm  espected on the
basis of the evtrapolated cune
301 ™ ~{ (sohd hine) Robmson’s dats &t
550 kg m /mwm of wodk 15 mote
neardly m agrecment with He
eatrapolated cunve The cune of
avygen uptake 1ersus work e
28/~ ® - hasa markedly different slope for
L Crgomctetexercxse{brolenhncs)
The ovygen uptahe responses ai
! 1 1 1
smaller for a gren worh sate
90 %0 80 70 o the casegof treadmull €
Fio 246 )‘?GE (YEAR S} ercrse Data are shawn from ?Oég'
aumum oxygen uptake  Astrand (1) and Rybmung A4

{1,smn } 35 plotted agamst age {year) for for

1o} who have reported 1esponses
{ x’f‘:tﬁl easurements on an indhuludl Xy gen uprafc both m 204030
yearold men nding 2 bicyele
crgometer at goo kg m /min and w xoto-30.jcar-old women nding 3

kg m/mmn*

Similir oxygen uptahe responses to exercuse pesformed on manually
operated crgometers have been seported for both voung and mddfe aged
adults by von Gessler and Maskert (60) at a worh level of 200 kg M fmin
and by Narms, Shock, and Yicngst (41} at wosh lewels of 135 and 67
g m/ma In addition, our data oa the *masmal * type of exertst 3

wnchuded at 650 kg m /mun for 22 young subjects and st 450 bg m /7 for

29 . -

MAXIMUM ©p UPTAKE (L/mm}

ar

, gow scand, 1G58, 43, 73~86 )
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38 middleaged subjects Ghinnghelli and Bosisio (z0) have studied the
oxygen uptake responses to arm ergometer exercise at work rates from 75 to
725 Ag.m /min 1n 32 ‘healthy” subjects aged 68 = 34 years This wide
range of work rates mcluded high levels of work where older subjects mght
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Fic 247 Maumum oxygen uptake (I /mun ), attaned
at each of several lnvels of submaximal work, 1s plotted
aganst work rate (kgm /mun ) for studes which have re
ported work of sufficient duration to permit metabolic
cquilibnum The data of Astrand (s,1), Ghinghells and
Bosisio (O,20), Norrs, et al _(4,41), Pasargiklian, et al
(0,43), Robmnson (A,46), Ryhming (©0,48), Sartorclls
and Scotti (9,49), and von Gessler and Markert (4,60)
are mcluded In addition, the data for ¢ one munufe “max
mmal” type exercise are shown (M) Subjecis are divided
among young (C), muddle (B), and old (A) age groups

be suspected of having impaired oxygen uptale and low lesels of work
where older subjects have been shown to use more oggen for a gnen
amount of work (41) If we assume these factors are operating and usc only
the intermediate work rates of Ghimnghell and Bosisio, we obtam a linc
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similar in slope and level to that for ergometer measured exercise responses
m young subjects (broken lines)

The data for subjects over 7o years of age 15 more scarce Honeer,
g 247{A) we may compare the oxygen uptake response data of Noms,
Shock and Yiengst at 2 work rate of 135 kg-m /mm with those of Robm
son at 940 kg m /min and of Sartorelh and Scotts® (49) at a work wte of
475 hg m /mn in thewr subjects aged 8o to 8, 73 to 78, and 70 to 78 yeass
respectnely A lmme drawn between the coordinates of oxygen uptale vers
work rate for these bodies of data has the same slope and level of axygen
uptake response a3 do those of the treadsull data on the two younger groups
of subjects

Thus there 15 no evidence for a difference in submaamal oxygen uptale
response for subjects of different ages There 1, however, a marked differ
ence m the cunve of response of oxygen uptake versus work rate for treadmitt
excrerse and the curve of oxygen uptake yersus worh sate for exertise on the
esgometer There are several possible reasons for this diffesence Frst, mos
of the total worl. done may be measured by the ergometric technique We
know from the data of Coates, et al (10) that the work of rasing the body
up and down with cach step dunng wallang 15 not caleulated by merely
measuring the :verage hit of the body on an inchined treadmill, 25 was done
for these calculations Worl. rates caleulated i tins way would be system
atically low becavse we have not considered the up and down movement of
the bodv with each step Although there are similar losses i most €207
eters, they mught be eapected to be less Therefore the net effect ¥ ould be
to measure 2 greater proportson of the total work 1m crgometer exeraise a0
thereby to produce the observed low enng of the rate of mcrease of aggen
uptake per umit incscase n work rate It 15 of mtcrest to note that ovr 4382
on subjects comparable o those of Ghinnghell and Bosisio mdscate that
the responses for ous conditions of the maxmmum work rate that could be
;n;mhmcd for one rminute were comparable to theirs for metabolie 2%

1onum

Osygen uptale dunng excrcise has been modificd m ofder subjects by *hf
omussion of breakfast Tuttle and co-workers {56) mantancd 8 men -f
thiough 83 years of age) on a presersbed diet which supphed  one fourth o
the daily sequirements of the essentsal foodstuffs, as well as calones After
cating three meals a day for four weeks, breakfast was omitted fos four
waehs All of the 8 subjects had 1 hugher oxy gen uptake for trcadmill walking
{2 percent grade at 2 mules per hour) dunng the no breakfast penod S5¢€
the aight subjects showed statistically sgmificant (P = <6) incteascs
during the no-breakfast penod These authars have not provsded comps

* Sartorelle znd Scotts had 10 subjects who worhed at seseral different levels of erisy
as was the case fox other data reported The highest lesel of work could only be S0,
3s the laut of the specifications of the exercise ‘The lower lovels were aot wentificd
speafie relation to metabohe o ventdatory tespanses
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rable data for younger subjects However, Stmonson (52) has summarized
data_collected by hus co workers which inducate that the rate of oaygen
uptake by young men during walking on a treadmmll at 3 5 mules per hour 1s
not changed dunng the first day of fasting Indeed, young subjects who
had been on a “standard diet for = weeks prior to the staration showed a
decrease 1n the oxygen used for walking at 3 5 mles per hour dunng the
third fasting day

VENTILATORY RESPONSES

The ventilatory tesponses to the levels of work used by Robmson (46}
and by Valentm and lus co workers (59) are qute smmlar Therr data are
shown i Fig 245(B) In both cases the ghest responses occurred
subjects between 18 and 40 years of age In Valentin’s data, the age decade
means showed a very regular decline after age 30, from 108 1 /mmn to 79
I/mm m the 70to-8oyearold group Robmson’s data are n good agree
ment with these values, except for hus 10 32 to 38 year old subjects who had
a somewhat higher response than sumilar subjects of Valentin, and his 3 73
to 76y ear old subjects who showed a markedly low er response of ventilation
than the subjects of Valentin It should be noted that the mawumum
breathing capacity values reported for older subjects (38) are somewhat
lover than the mamimum venhlatory response to eercise reported by
Valentin

A summary of the sentilatory responses to submaximal work 15 presented
1 Fig 248 The canve for ventilation volume response vetsus work rate may
be corrected to account for differences n estimates of treadmll and ergom
eter work rate by adding to the nomimnal work rate the appropuate differ
ence as shown in Fig 247(B) or 247(C} If this 15 done, the ventilatory
responses to the treadmill walling data of Pasargillian, et al (43) and of
Robmson (solid line} and the bicycle pedaling data of Astrand (1} and
Ryhming (48) (broken line) are quite siular If a similar correction 15
performed for the middle aged group (Fig 248 B) where results from both
treadnull and arm crgometer excreises are available, the treadmill data of
Pasargiklian, et ol and of Robmson become more hke the ventilatory ve
sponses to the step test of Thomas, et al (54), and lower than the ven
tilatory responses to arm ergometer exeraise as measured by Ghinmghellr
and Bosisie {0}, and Norus, Shock, and Yiengst (41) The data for sub
Jects over o vears of age (Fig 248, A) are not adequate tor such com
pamsons In this group, and m the muddleaged group, our results for
ventilatory 1esponse to the maximum work rate that was mamtamed for one
rmnute are as high as the others summanzed here When a simifar test 15
apphed to the voung age group {Fig 248, C), however, the ventilators
tesponse 15 as much as zo 1 /min higher than the data for cquibbrium
situations This suggests that m the young subjects there 15 a larger response
of ventilation wn the early adjustment to exercise than n the older subjects
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CARDIOVASCULAR Rrsponses

The highest heart rate attamed dunng maxmal worh 0 Robinson$
subjects (46) decreased with age from abont 200 beats/min at 203635 DI
age to about 160 beats/mm at 7o to 8o years of age Dawson s longitudin?
data (12) also show a decreasc 10 heart rate with mcrcase 10 98¢ (;omﬂt
maximum of 180 beats/mim at age s3 to a maxumum of 140 beats/mi 1
age 71 Dill (13,14) had a decrease m maxmum heart rate from 172
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beats/mmn at age 37 to 160 beats/mun at age 66 Durnin and Mikulicic (16)
have compared the heart rate responses of 12 subjects, zo to 29 years of age
and 12 subjects 55 to 67 years of age, both for arm ergometer exercise and
for treadmull wallung The responses to two levels of arm ergometer exercise
were sumlar for old and young, while the older subjects showed a greater
tesponse to two levels of treadmull walling evercise (oxygen uptale =
1.451/min and 1181 /min ) However, both the data of Norns, Shock, and
Yiengst (40) and the data of Ryhming (48) hase shown that dunng exer
cise at work levels which were less than maximal, subjects of greater age had
greater heart rate responses In the former study, stepping work was per
formed at a rate of 150 kg m /mn by 1.4z subjects between ages of 20 and
92 years In the latter, 25 male steel workers between 41 and 65 years of age
performed both a bicycle nde at 600 kg m /min and an equnalent steppmg
test

Robuison does not report the results for the blood pressure measurements
made on Ius subjects, so we may assume that there were no sigmificant age
differences at the levels of work he used Moreover, age differences i blood
pressure responses are not apparent in Dawsons s longitudinal data At the
intermediate levels of worl used by Durmin and Mikulicie, systolic blood
pressure was somewhat higher 1n the old subjects after exercise, while Norms,
Shock, and Yiengst found a greater increase m the systolic blood pressure of
older subjects

Data on age differences n cardiac output dunng exercise are even more
scarce than data for the af; oned card 1 Mon (36)
has reported cardiac output measurements before and after exercise mn 11
subjects from 17 through 57 years of age His data indicate that after exer
cise there 1s a lesser crease 1 cardiac output m subjects of greater age
Data that we have collccted for 8 subjects m each of the 6th 7th, 8th, and
oth age decades for a work rate of 135 kg m /min may be compared in
Fig 249 with those of Donald and co workers (15) for 7 20-and 30 year old
subjects working at sumular work rates Although the subjects 1n both studies
were recumbent, our subjects used arm exercise and Donald’s group exer
cised by pedalimg a bicycle ergometer with their legs In both studies cardiac
outputs were measured dunng the third minute of exercise The cardiac
output responses of Donald’s subjects working at rates of 100 and zo0
kg m /mun avcraged z 1 and 371 /mm respecirsely, while our age decade
mean values ranged from 2 4 to 301 /min Thus young and old subjects gne
quite similar results for cardrac output response to submaumal exercrse

Robinson s data mdicate that after one mmnute of exercise Ins oldest
subjects attained a shghtly smaller percent of their mavimum heart rate than
did the young when work was performed at the maumal level An even
smaller percent of the mavmum heart rate attamed dunng worl was reached
by the older men one minute after starting work at a more moderate rate
Robinson s data for heart rate, and the data of Norns, Shock, and Yiengst
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for both systolic blood pressure and heart rate indicate that there 15 a delay
m the recovery of these responscs after exercise Durnin and Mikulicic also
showed a delaved recovery of heart rate after both arm ergometer and
treadmill excraise, although they did not find these differences to be
statistrcally significant Howeser

4 T . arculatory recuperation was sig
< mficantly slower m the eldery
€ ®3| dunng later recovery (3
z through 10th minute) after walk
= mg at 43 mules per hour
g 3 o8 -
=4 Mecuanican Erriciency
o 3 Data for moderate lesels of
kS work (300 kg m /mm to 60
g o o3 | g m /mn ) have failed to show
3 differences with age in mechant
=z cal cfficiency Net mechamcal ¢f
- ficiency values average from 15
= ® OONALD, ET AL to 18 percent for the data of
g © woRRIS 4w~ | Sartorelli and Scotti (49), Rob
3 swock mson (46), Pasargikhan and co-
g Numbers baside cooras-| workers (43), Ghinnghells and
= nates reter 19 age Bosisio (20), and Norns, Shock

° b 1 and Yiengst {41) up to values of

100 200 22 to 25 percent for the data o
WORK RATE (kg m /min) Rybming (48) and of Burgef

Tie 249 Increment m cardiac output and Hause (8) The widc rangé
(1/mun) s plotted agamst work sate of talues undoubtedly results
(kg m /imin ) for oung subjects of Donald,  from uncertamtics m estmating

et al_(e,15) and old subjects of Norns A per
and Shock (0,37) Numbers beude co. the amount of extemnal work p

ordnates refer to age decades formed Von Gessler and A.h:

from 16 to 25 percent and were higher than others reported at the Tow
work fevels used by them (about 200 kg m /min ) However, at sumila Jow
work Ievels (below 300 kgm /mm work rate) Noms, Shock, and Yiengst
have found decreased mechanical cfficiency m their subjects over seventy
sears of age, espeenlly at a work rate of 135 kg m /mm This difference
was based on the fact that for intermeduate levels of work, the oxygen U
take for old and young subjects was simlas, while at Jow lesels of work the
ongen uptake was sigmficantly hugher i the older subjects that 18 t ;
voung  Subscquent studies by Norns and Shock (37) dicate that b
of the extra oxygen used by their oldest subjects (65-89 years old) was 3¢
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counted for by therr failure to take up oxygen at as high a rate as the young
during exercise

Ratr or Recovery oF PuysioLogicar, Eguitisriuar FoLLowine EXERCISE

Berg (5) has shown age differences m the rate of recovery of ovygen up
take and CO, elimination following an exercise of 2o steps per minute onto
a 9mch high platform for 3 mmutes He performed duplicate tests on 33
subjects between 17 and 6o years of age The data analysis consisted of plot
ting the loganthm of oxygen uptake and CO. elimmation ersus time for the
fist 2 munutes following exercise, and determmmg the half recovery time
from a line fitted to these data He found that the recovery tume constant for
CO: elimunation increased from 35 seconds for subjects zo vears of age to 6o
seconds for subjects 6o vears of age, while the recovers time constants for
oxygen uptahe were mcreased from 28 seconds at zo vears of age to 35 sec
onds at 5060 years of age

Baldwin, Cournand, and Richards (3) have presented therr data as
average values for three groups of subjects of different ages Group I sub
Jects were 16 to 34 vears of age, Group I subjects werc 35 to 49 years old,
and Group IIT subjects were aged 50 to 69 years in the case of the men and
50 to 79 years m the case of the women Average salucs for each measure
ment 1n each age group included from 15 to 19 men and from 10 to 17
women The exercise was steppmgup on a 20 em (7 7/16”) platform,
placing both feet up and down thirtv trmes 1n one mnute Although the
ventilation volumes were higher for the older subjects than for younger,
there was no indication of an age difference 1 rate of recovery based on
estimates of ventilation volume for the first, second and fifth munutes fol
lowing cxercise The oaygen consumption dunng the fifth minute of re
covery was still above basal levels n the older men, while the voung men
and all the women returned to basal levels of oaygen consumption by the
fifth mmute of recovery

‘We have compared the rates of recovery of oxygen uptake, CO; elm
nation, and lung venhlation followng exercise 1 jo subjects from zo to 89
years of age There were 10 subjects m each age decade The submaximal
work rates used ranged from 135 to 450 kg m /mun and were performed for
1 to 4 minutes The average levels of responses durng exercise and rates of
recovery for 10 minutes after exercise were compared for wung‘and old

of dls}lacc;nent produced On the other hand, the responses of lung
ventilation to exercise were sigmificantly lugher m the old than m the young,
and the rate of recovery of lung venhlation was faster i the older subjects
than 1n the younger subjects The increased response of lung ventilation 1s
attnbuted to nadequactes of the older pulmonary system (such as mixmng
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difficulties, poorer diffusion, and reduced perfusion) which necessitate m
creased ventilatory response to provide adequate oxygen supply to the blood
The more rapid decreasc of lung ventilation 1n the old 1s attnbuted to m
creased ngidity of the lungs and chest cage. These interpretations assume
that 1t 1s possible, 1n the old subjects, to have a more mtense stimulus
which 15 renmtted more rapidly than n the young The somewhat higher
responses and faster recovery of CO, elmnation the old prevent its
wsocation m evplanation of the age differences in ventilatory response A
more acceptable description of the stimulus would be one which mcluded a
large component that vaned with the level of exercise (absent dunng the
resting penod, present during the exercise, and absent dunng the recovery
peniod) The complete remussion of this component at the end of excreise
would thus emphasize the contribution of age differences i ngidity of the
lungs and chest cage

Thus there are differences m rates of physiological adjustments which
could concenably be responsible for poorer over all function 1n older sub-
jects The cxact relationship of differences m mdmidual functions 10
overall function has not been demonstrated Howeser, Noms and Shock
(37) have suggested that one of the major causes of reduced mechameal
efficiency seen m their oldest subjects hies i the farlure of the old subjects
to take up oxygen at as Ingh a rate as the young dunng exercise This results
m larger, less cfficient anaerobic utilization of oxygen m the older subjects

Since not all of the extra oxygen used by the oldest subjects 15 account
for 1n this way, more basic failures of coordmation, such as changes 1
muscle contraction timing might also be involyed in the agmg process.

AGE CHANGES 1N CoorbvaTion

Operation of a bicycle type of ergometer, manually, at a prcscnbcd rate,
mohes accelerating and decelerating the svstem s that the average

[
contractions can usually be noted 1 the worl records as peniodic 1Teg¥
lantics in worh rate

In young normal subjects bimanual exercise of this type 15 performed $0
that the work rate s telativcly constant and the amphtude of these gy
lanities 1 small In older subjects, howeser, the amplitude of these fu¢
tuations 15 larger although the average submaximal level 1s mantained
cqually well in old and young Fig 2410 shows this sanabihty expiessed
as the range of work rates observed dunng 2 four minute bout of submat!
mal exereise for botly V0uNg and ald cihunnte T o tack e anmnared with
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who were not permutted strenuous excrese because of climeal findings A
comparnson of these with subjects accepted for strenvous excreise mdicates
that the vanability 1s reduced m the oldest subjects who were accepted for
the strenuous exercise

Earher compansons of motor performance m old and joung subjects
made by Miles (31,32,33) and by
Bellis {4} ndicate that there 15 a
psychomotor basis for the decreased
coordimahion  abibty shown here
More recent studies of changes i e
action tume (6,21,42) have confirmed
these findmgs Norns, Shock, and
‘Wagman (39) have demonstrated
significant decreases 1 human motor
nenve conduction veloaity with mn
crease 1 age Althongh the magm
tude of this decrement 15 small com
pared with changes i psychomotor
performance, the changes suggest the
presence of a physiological (neuro
muscufar) basis of decreased effi
ciency
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The physiological measurements al 30 46 50 60 70 80
ready reviewed provide the most fun AGE (YEARS)
damental estimates of physical fit Fic 2410 Range of anation of

ness However, the techmques and  work rate (kgm /mm ) dunng four
equmpment associated with some of E:muteslo‘f :r;m;rtl:al C]’;;I)Z;g E;gxc:;
ominal work rate = m
:;‘:szxisr’:rzt%iirzd::]y S:zllgayb:nl: xsl plotted aganst age {year) for two
classes of subjects (1) Subjects who
sum As a result many less complt  were eacluded from strenuous exercise
cated tests of physical fitnesshavebeen  on the basis of a chimical exammnation
proposed These tests have ranged (&) and (lt) subjects who were ‘;C
from evaluating the anatoncal char 5:":,‘:‘24{‘?; (‘T_')c”"""s exercise on the
actenstics of an mdwidual (such as
vital capaaity and muscle strength) to evaluatmg the dynamuc responses of
some physiological parameters dunng or following a standardized excreise
Physical fitness tests have been used n classifying candidates for college
physical education programs and mulitary scrvice as well as the evaluation of
patients in the doctor's office Fitness tests have appearcd m a wide vanety
of forms, but most 1nvoh e measurcment of pulsc rate or blood pressure be
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fore and following some standardized exercise (7,11,17,18,22,24,35,50 55 57)
The McCurdy Larson test (30) requires measurements of breath holding
time and vatal capacity as well as heart 1ate and blood pressure

At the present time, most physical education teachers prefer pesformance
cnitena for the evaluation of physical fitness They measure parameters such
as strength agility, speed, and endurance Lndurance may be either the type
imohed 1 runming or swimming, or large muscle endurance such as that
mohed m sit ups and pull ups In addition, some tests mnclude estimates
of flexibilits of the trunk and jomts Lxamples of tests utihzing these
parameters ate the Army A Force Physical Fitness Test and Larson's Motor
Abilitv Test A few studies have considered postmatunty age in relation to
this type of physical fitness test Karpovich and Weiss (25), Larson (6},
and Loveless (27) have reported decrcments in performance over the 282
ranges 18 to 38 years, 21 to 48 years, and 18 to 35 years, respectrely These
decrcments ranged from 10 percent to 43 percent

Strenuous tests are considered mappropnate for people above 45 years of
age who have not maimntained physical conditioming The physiean, &
amuning patients m ths age 1ange, most oftcn uses a stepping €aercise and
measures the response and recovery of heart rate and blood pressure or
clectrocardiogram  Age compansons have been made for this type of test

Norms Shock, and Yiengst (4o} have reported age differences 1n the re
sponses of both heart rate and blood pressures to a standard step test exer
aise The subjects walked over two g inch steps (total height 18 mches) the
number of times required by each subject to perform 222 kg m (s

a charr after excrcise 1 a standing position I'or control purposes these
obsenations were compared with observations made on the same subjects
who sat 1n a charr after quiet standing One hundred and forty ambulater
male subjects, between 20 and g2 years of age, were used for these aapent
ments Tt was found that older subjects increased their systolic blood prev
sure levels more after excraise and retumed to pre exercise Ievels later than
did younger subjects There were no age differences i diastolic Dbloo
pressure tesponscs after exeraise However, the heart rate mercased O
and reached postexercise levels later m the old than m the young subjectt
The authors concluded that there was a slowing of cardiovascular ecOMEr
processes following exercise 1 old subjects, as compared to young subjects
Master (28) has reported an exercise tolerance test for earculator Cl
ficiency His twostep * test consisted of having the subject chumb 140 ?m}t:
steps (total hft = 18 inches or o 46 meters), which are arranged s0 that l}ic
subject gocs up two steps and down two steps, tums and g6 back
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other way Has entenon of efficiency was the return of heart rate and blood
pressure to pre-exercise levels m two munutes following exeraise On ths
basis, he arranged tables of the amount of work that could be done by
normal people of vanous weights and vanous ages Any subject who had a
pulse rate or blood pressure value greater than 10 pomts above resting 2
nmunutes after exercise was considered abnormal His tables are the results of
more than 2000 tests performed at Cornell Unnversity Medical College on
normal persons of all ages and both sexes Fig 2411 15 2 summary graph of
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Fic 2411 Maxtmumwork rate (kg m /mn ) which
perrmitted heart rate and blood pressure recorery m
two munutes 15 plotted agmnst age (year) from the
data of Master et al (28) Males (o) and females
{A) are shown scparately

these data For both men and women the number of tnps ncreased to a
maximum between 20 ana 35 years of age There was, howeser, a shght
vanation m these maxima with change i weight, the heaviest subjects
showed their maxima between 25 and 35 years of age, and the hghtest sub-
jeets showed their maxama between 20 and 30 years of age The heaviest
subjects were between 200 and 230 pounds and the hightest subjects were
between 8o and 100 pounds, except for the children who ranged as low as
the jo-to-39-pound weight group
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The curve of age versus work rate, ongmally plotted m Masters 1929
report (29), bears a stnking resemblance to the cuncs of age versus tests of
motor speed which have been reported by Miles ( 31) It 1s rcasonable that
this may be so, for i Masters test, the speed of recovery of the cardic-
vascular measures lumits the amount of work done, or the number of tops
across the steps Thus 1f the speed of recovery 1s slower m the older subjects
then the number of tnps or the amount of work done may be less thanm
the young for an cqunalent recovery time Norns, Shock, and Yiengst have
also reported slowing of tecovery of cardiovascular displacements with
increase in age Thar data mcluded older subjects than those reported by
Master In addition to the exercise data, they reported slower responses of
older subjects to changes in posture which were nduced by a tilt board
These results may be mterpreted as confirming the fact that the changes n
blood pressure and heart rate due to changes i posture do not hae any
systematic effects which alter the results of the test as proposed by Master

PROBLEM ARLAS TO EXPLORE

Our concepts must be broadencd to mclude age as a vanable m the
total picture of human performance In addition to the basic functions
which have been studied and summanzed here, we should exammne the
underlying physiolagy of body movement and control

We need to know more about the age changes 1n body mechamcs, the
effects of changes m nenromuscular function, and the cffects of changes 18
the integrative activitics of the nervous system Continuous performancé
results in a decrement 1n speed and coordmation The general name gnen
to these signs 15 fatigue Both the concept and 1ts age relations should be
examned

The problems of coordination of card P Yy 1esp to \anml;
types of stress such as exereise are m great need of clanfication Studies ©
rates of response and recoverv of these physiological measurcs dunng an
after exercise have largely been by products of studics of other paramcters
Studics of the rclative rate of change of cven cardiovascular, ventilatory, 3%
metabolic functions are wirtually nonexistent

The cffects of training on older people have not been tested by ndequﬂf‘c

nhic alnn anl

Eheractities even beyond that age This leads us to consider the pos?
bility that older people who have become machive, and by that toker l;:
capable of cven the normal everyday actiatics, nght, with proper Mo
vation, be retramed to conduct their everyday routine

)
Whether your nterests are athletic, medical or custodial you must des



EXERCISE IN THE ADULT YEARS 487

with man all lus hfe The problems of the years after 50 have created a need
for knowledge which has not been satisfied The door 1s open
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Special Eneraise Problems i Middle Age

SUMMARY

Physiological age, while a desiwable concept, 15 difficult 1o establish for a
gven mdidual It has been emphasized clsewhere (38) that different
physiological ages charactenze each organ and each physilogical function
the same mdnyidual and that there are marked mdvadudl differences in the
rate of aging For the tume bemng, until integratnve methods are well estab
lished, 1t 15 symplest to define middle age limits by an arbatrary chronological
dge range, re, 30-55 years Most of the discussion has been confined to this
dage pertod

Attention should be drawn to the fact that the subject field for this chap
ter was exclusnely mddl d males This il the alinost I
lack of information about exercise particpation and exercise tolerance by
middle-iged females

Numerous nuddle aged men participate enthusuastically gnd profitably
m professional sports Many of the contestants in the Oy mpic games are
middle-aged The sports m which nuddle-aged participants have performed
best are discussed, although the reasons for supenor performance by the
middle-aged mn a gnen event remain obscure

Although age trends m physical performance have frequently been ob-
senved, an attempt should be made to view these trends in proper perspectne
by taking into consideration factors such as body composition, physical con
ditionmg traymng, pathology, etc The tramed man ysually performs best in
d gnen age group and therefore sets maximal values Because of the nature
of some performance tests, measurable performance may only be achieved by
the tramned indn idual which buases all age related information

Mddle-aged men have been obsened to be as fit and able to perform hard
work m kot gmvronments as younger men, howeres, thar physiologieal re
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Special Exeraise Problems m Middle Age

SUMMARY

Phy st0l 1 age, while a deswrable concept, 1s difficult to establish for a
gnen mdnidual It has been emphasized eclsewhere (38) that different
physiological ages charactenze each organ and each physiological function m
the same ndnidual and that there are marked wdnidual differcnces wn the
rate of aging For the time beng, until infegratne methods are well estab-
hished, 1t 15 simplest to define nuddle-age hnuts by an arbitrary chronological
age range, 1¢, 30-55 ycars Most of the discussion has been confined to this
age pertod

Attention should be drawn to the fact that the subject field for tius chap
ter nas exclusnely middleaged males Tlus dllustrates the almost complete
lack of information about exercise participation and exercise tolerance by
middle-aged females

Numerous nuddle-aged men participate enthusiastically and profitably
m professional sports Many of the contestants in the Ohmpic games are
middle-aged The sports . which middle-aged participants have performed
best are discussed, although the reasons for superior performance by the
muddle-aged in a gnen event remaimn obscure

Although age trends m physical performance have frequently been ob
sened an attempt should be made to view thesc trends in proper perspectne
by taking into consideration factors such as body composition, physical con
ditioning, trarng pathology, ctc The tramned man usually performs best
a gnen age group and thercfore sets maumal values Because of the nature
of some performance tests, measurable performance may only be achiered by
the trained indnidual which buases all age related information

Middle-aged men have been obsened to be as fit and able to perform hard
work m kot emvironments as younger men, howerer, thewr physiological re
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sponse to heat 15 rather different, 1 e, a stuggish response to thermal shrmla
tion

A pressing nutnitonal probler has hecome closely identsfied with mddle
age—obesity A body of evidence has been accumulated, largely by Mayer
and co workers,* that physcal actrvity deseryes more than passing considerd
tion in solution of this problem

The role of habstual participation wm exercise m relation to the deielop
ment of chromic conditions particularly cardioyvascular discase, 15 not nell
known The evidence i the bierature 1 speculatne and meonclume, d
though medical opruan favoring suitable exercise as both preventng med:
evte and therapy seems to be growung

Indn iduals from all walks of bfe have publicly proclauned thew p?ulamphy
of exercise m the popular press One can casily obtam “authoratne’ doc
mentation ether for or aganst participation m recreational actuties, 67
cuse and sports A body of evidence 13 accumulating, however, whick w
dicates that most exercise 1s well tolerated by “healthy” mddle sged mdles
provided a udicious approach ta and selection of physical pursuils 15 €@
ployed

The psychological and social benefits acerued durng nuddle age through
participation i exercise and recreational endeavors may be equally as 17
partant and more eassly documented than physiological benefits Smee e
probable that the synergism of psychologieal, socidl, and ph)sxologwl fac
tors produce  gans," @ wusely sclected exercise program may contubule
measurably toward producin e bfem mddle age

INTRODUCTION

The chapter by Noms and Shock  Exercise mn the Adult Years—wih
Specal Reference to the Advanced Years' descnibes in detail vanous ag;
telated changes n physical performance capacity and abthty together 1
an excellent d of conc phystalogical function The mddle
age years are adequately discussed by these authors, however, 1t 15 felt lh;:
certam exercise problems, gly ch 1c of middle age, shouk;
gren specral treatment The matenal presented s selectne rather the?

comprehensie
Ha Anos ot ¢ -

nr

4

a sedentary population—do they? 'What fraction of positions and/0% (;‘;
Cupations may be classed as sedentany? What about capacity and “b’h? o
pattiaipate 1o games, contests and secreational sports—docs 2 man © 1:}1
pastiespate more or less frequently or extensicly, with greater or Joss bes

*See chapter 16, Exerose and W aght Control *
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nsk, than 1n 1900 or 1920? How can we quantify physical performance abilt
ties m middle age 1n the year 19587 How 1s frequency and duration of per-
formance of what kinds of exercise related to general bealth? Can the estab-
lished age trends for some of the chronsc diseases, currently promment dur
g middle age, be altered by exercise? Is the ‘ physically fit” person more or
less hkely to succumb to the degenerative diseases of muddle or old age?

Numerous other questions could be asled Some partial answers are
avatlable, but unfortunately the majonty of these and related questions go
unanswered The interested graduate student and/or investigator take
pote—here indeed 15 a frmtful field

Before discussing what Lttle 1s known about special middle age exercise
problems, it would be well to emphasize the paucity of longitudinal mforma
tion By longitudinal 1s meant continued observation of the same population
over a penod of years In relating physiological function to age, a significant
part of the picture 15 mussing without longitudinal studies Perhaps a plea
should be extended at this time for more planning on a longitudinal basts so
that mvestigators surveying this fietd 1 1980 or zoco have more to recite
than findings referrable only to different populations in each age group

CLARIFICATION OF TERM MIDDLE AGE

The process of aging progresses at varying rates i different organs and
also m different persons (38) For this reason 1t becomes difficult to ac
curately assign a certam chronological age as the beginming or end of the

hronological age

R o .. . -~ e determned in

a valid manner through objectrne means The importance of the differ

ence between chronological and physiological age cannot be overempha

sized A man of 55 may be biologcally younger and capable of higher levels
of physical performance than another 15 years his juntor

Since physiological age 1s dafficult to assess (although considerable prog

1ess hag been made mn recent years), the “easy” way out has been taken, and

the middle years have been defined in terms of chronological age Agesoto

55 has been arbitranly selected as ‘ middle age * For the most part, subse-

quent discussion will be confined to ths age penod

PERFORMANCE OF THE MIDDLE AGED
IN ATHLETICS

Performance 1 athletics 1n the United States 15 frequently conceded to
be 1n the realm of the young adult while the mddle aged person 1s relegated
the role of spectator and wishful thinker Nevertheless, numerous middle
aged Umited States “youths” do participate in athletics and frequently per-
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form both effectively and spectacularly A bnef analysis of age i relation to
performance m the middle years 15 presented to illustrate the pomt that
many muddle aged men are exceptionally active physically and can perform
m some sports at levels unexceeded by any other age group
The perspective gamed by considenng the age of optimal performance n
professional athletics (and in sports where a strict amateur  code 15 not fol
lowed) 15 one referrable to individuals who have undertaken a contimuous
measure of traimng mn the task used to evaluate their performance te
their respective sport Thus 2 unique population 1s viewed The segment of
the athletic population—Amernican amateurs —are excluded from con
sideration because the lach of financial gamn usually shortens the amateurs
carcer The common denominators mn petformance namely motnaton
slill fitness and condition are not all controlled and alter age trends even
m selected groups of professional athletes Thus tabulation of the age at
which professional athletes aclueve their greatest performances presents
only one but nevertheless an nteresting picture of optimal age 1 relation
to athletic performance
Lehman 1n tw o publications (27 28) has summanzed age trends m vanous
professional sports These publications should be consulted directly by the
interested person because only a few selected sports m which the middle
aged persons do well are cited here Table 251 presents selected statistics
compiled by Lehman from records of Major League Baseball Although the
statistics are somewhat dated pre 1936 and 1946 the results if anything
probably underestimate the number of over 30 players active today The
mean age for the vanous champions and the most valuable player hsted i
Table 25 115 under 30 (28 or 29} but at least 3040 percent of the age distn

TasLe 251  Selected Summary of I'ndings Major League Baseball®

Age
Medun  Mean Mazmally
Type of Actimaty No Age Age SD  Proficicn

Annual batting champrons
to 1936

9 2900 2916 346 267
Annual pitching champions
to 1936 88 2825 2818 312 K3
Heme cun champions to 1946 81 1815 2887 408 202
Most valuable player to 1946 79 28125 2884 349 26-29

*From Lehman (28 Table Il p 167)

the Interleague Champion Milwaukee Braves to be remnded how 26
nuddle age players can be
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Table 25 2 fiom Lehman hsts several sports n which mxcZe voer <o
have done exceptionally well Not all of the sports listed . =
sports Tennus, race dnving, and corn huskmg 1cquire spced T T &

well as skill Contact sports do not appear in the list, howgies, =z =
sional football and 1ce hackey players compete successfully betr sz g P

Taste 252 Proficiency m Vanous Spores®

No of Medn Mean Standeg 1, >

Sport Cases  Age  Age Dowten 7 7.,
US professional tenms
championships 21 2925 3088 5
Indianapolis Specdway
racmg championshsps 82 2947 012 4-, -
National corn husking -
championships 17 3283 3226 Y84

Miscellaneous bowhng
events 303 3390 3468 41 -
Rifle and pistol shooting

championships 630 3124 3205 s oo
Billiards {world champion e
ship performances) 136 3300 3435 .-
Professional golf -

champronships 63 3250 32¢8 7

“ From Lehman (28 Table VI p 174)
Data were wcluded f cither median or mean age exceeded 30 44, -

of 30and 40 In gencral, events requinng hittle in the wayefy
strength, power, agihty speed, and a high level of neurgy *, -
tion seem best suited to the middle age competitor (golf ¢, I” L
cte) v
Because of the large number of contestants and the by s, .
ance, the Olympic Games have been frequented on nupy-, ’
statisticians, physicians, and exercise physiologists The g,
participants have been reported faulv regularly (19 wy, T w

P
Pl

e,

Iists three events m which middleage contestants P -~

1920~1936 games [
A summary of the age distnbution of the 1952 Olyy, ,

been prepared by Jokl (20) The mean age of the party,” -

or more 1 the following events dressage, shooting (,,n;“ Y
Grand Prix, epce, 50 hm wall, over gohg weight ity ;’ oy
871g CrecoRoman wicsthng ThreeDays cvent, =% 2 <t
wresthing, 10,000-meter walk, foil, 73 kg frec style wieyyi 7« wraras
meter un In endurance events, parhcuhrly m track aby,,” T
central tendency (mean) of the age distrbution ogeg, , 7 e

Bt g
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age Jokl noted that this trend did not occur 1n endurance cychng or swim
ming events The question might well be asked—why? Is the age diff
between types of endurance stmply a result of “favonte” sports participation
and soeial bachground in vanous geographical areas and not a result of
“ optimal physology” for specific endurance events at a given age?

The age distubution of the 1952 Olympic athletes—4823 individuals—

TasLe 253 Ageof US Contestants in the 1920-1936
Olympic Games®

Median Modal

Event No Age Ages
10000 Meter Race
and Marathon 25 3150 26-30
Bob Sledding 36 3425 30-34
Equestnan Esvents 39 3642 32-36

* From Lehman (28, Table VIT p 185)

was studied by the International Olympic Commuttee {19), and its conclu
sions were set down 1n an article entitled Research on Olympic Athletes
“The span of years between the ages of the youngest and the oldest com
petators amounted to more than four decades—in some events a preponder

were comparatnely hugh, and vice versa ”

This statement emphasizes the considerable variation 1n age between
competitors 1n most Olympc events The tables from Lehman also clearly
wdicate the wide distribution 1n the age 1n which optimal performance o€
curred Thercfore compifation of events s wiich middle age competilos
‘cxccl gives a hmited view of the actual potental of the middle ag atblete

\

and the middle vears (age 30—3; mn th‘cala,o’oov)n/clcr and marathon—s¢
resulls of Olympics aited previously)  Smce Finmsh athletes compet® ‘["
sports almost exclusnely for fun and recogmtion and continue relatney
Tate 1n hife with na school or unwversity affiliation, Karvonen’s stodics mﬂydk
somewhat more meamngful 1n terms of descnibing “true”” ability 10 md
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age than sumlar studies of amateur or even professional athletics n the
Unted States

‘We have all been impressed 1n recent years with the extended success of
athletes m their 30's and 40's and even 50’ Boxing events frequently display
the talents of Sugar Ray Robinson and Archie Moore Individual baseball
championships fall to the likes of Stan Musial and Ted Wilhams The
golfing world often bows to the supenonty of a Bobby Locke, Sam Snead,
Jummy Demaret, and Ben Hogan Lou Groza in football, Don Budge mn
tenms, Willie Hoppe 1n bilhards, Joe Hiestand in trapshooting—the Iist
could go on and on Are these individuals special physiol 1 sp
who spurn “normal’ aging trends? Are they extremely dedicated to their
respective sports and overcome ‘normal’ aging through sheer dnve? Seek
g answers to these and related questions should provide ample oppor
tumty for the her d 1n sustamned peak perf n rela
ton to both aging and “normal” physiological function

A question was asked m the imntroduction about how the middle age
man of today compares with hs early 20th century counterpart from the
pont of view of physical performance capability Although the time span
covered 1n the study by Jokl (18) 1s 1928-1952, or only 24 years, the results
may apply to Ionger time spans Johl compared the performance of well over
1000 athletes at the Deutscher Turner Bund contests 1n 1952 with that 1o
1928 The maintenance of performance with age was improved m 1952 over
that of 1928 for at least three exercises 75 meter dash, shot put, and jump-
mg The contestants of age 49 mn 1952 were able to equal the performance
of qo-year-old contestants i 1928 Although changes n such factors as shill,
techmque, practice faciities, and practice time could have mfluenced the
results, there 1s strong implication of a biological factor

BODY COMPOSITION AND INTERPRETATION
OF PERFORMANCE TESTS

Two of the chronic probl 1y ch astic of rmddle age, te,

sedentary living and obesity, confuse interpretation of results obtamed on
physical fitness and performance tests n this group Not only 1s motivation
low 1n middle age, but lar mass has d d Js with
young adulthood, and body fat has been gained In addition, performance
skall 1s partrally lost, strength 1s reduced, and cardiovascular “resenve” may be
lessened Aecrobic work (ovygen debt never becomes cntical) is performed at
about the same energy expenditure level by the middle aged as by younger
men (may be higher in middle aged men}, but the cost per umit mass of
“active tissue” must be higher because of the proportionality of total energy
expenditure to total body weight (36,24) The obese muddle aged man 15
under a considerable handicap in work requinng sustained effort at rela-
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tively hugh work levels because of hus load of fat, to say nothing of the add:
tonal restnictions of motion produced by his fat masses At a gnen work
level the obese person 1s usually working nearer capacity than a nonobese
wdividual of equal weight

°
mgful The decrease 1 acrobic capaaty of tesenve as measured by the
maximal oxygen intahe may not be as marked however, if expressed per un t
of fat free weight or actve tissue  Maximal oxygen intake per umt of a¢
tre tissue would *
tory cardigvascular
The question 15 ¢
Iner sufficient
actrve tissue
wmactine men o - v e v
produce an extra stress on the cardiovascular system dunng exhausting
work but does make the accomplishment of a fived work task (such as
ning a mile) more dufficult (6)
A rough estimate of the decrease 1n acrobic capacity during the middle
)fars may be made by combining information from two sources 1¢ the data

- e - 5

age 25 2 years {n 25) and mean weight 7016 Lgbthc percent body fat com

puted from specific gravity was 14 4 percent (102 kg ) On the other hzng
1A r

' o
a rough estimate, what amounted to a 20 percent reduction m aerobic @
nirh then nve o - ~ eaf

tion to the excellent longltud;ml nformation that he and otﬁcrs have al

ready collected on humsclf
Motnatio

nvestigators

middle age

n muddle and older age groups unless objectrve tosts are used 11 whict
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motivation 1 not a factor Astrand (3) has questioned peak performance m
Robunson’s work largely because duplicate or triplicate testtag was not per-
formed on the older indniduals In defense of Robinson, essentially the same
age trends have been consistently obsened m muddle age when the max
mal oxygen intake test has been used (13,33,47) Astrand’s cnticism, while
Justified at the time perhaps, has not been substantiated by subsequent e
search One should be eatremely skeptical, however, of using performance
tests for middle aged men which are dependent on subjective end pomts
(step tests, etc ) because of the distinct possibility that motnation 1s deed
rather poor

Tramng i olving runming and hard worl, other than strength maneusers,
appears to reduce pulse response to exercise regardless of age (2,9) Al
though the effect of traming may appear to be “clear cut, ’ the pulse response
to submasimal or even near maximal work 1s 1 part weight dependent if an
appreciable portion of the weight 1s carned as excess, 1 ¢, fat or obesity tissue
(7) Smce weight reduction and loss of body fat frequently accompany train
g progress, the total change m pulse response to exercise reflects both a
traiming effect and the reduction 1n total work done 1n stepping (step test)
ot on the treadmill Weight reduction and body fat Joss with trammg may
be more 1eadily realized in the middle aged group because of the tendency
toward overweight and obestty 1n this group

ENDURANCE

An imtereshng senes of mvestigations on maxsmal worl capacity as re
lated to “endurance, ' rather than aerobic capacity excluswvely, was performed
by Dawson (11) Dawson served as lus own subject for the expenments,
which started in middle age and covered the age range 41-71 The work per
formed was ndg a bicycle ergometer at the heaviest work load that could
be accomplished 1n 30 minutes The conditioming esercises vaned (three

mbing, cyching) prior to the tests at cach

at ages 41, 57, and 71 was comparable,

< v b - - - the total hilograms of work performed at

those ages are the most meanmgful The values were 55,000, 33,074 and
28,600 kgm, respectncly The value obtamed at age 41 (55000 kgm)
was an estrmated value based on an 18-minute nde dunng which 38,654 Lgm
of work was performed The consenatie extrapolation to 30 munutes gave

o prAMMIL Ui tmau e dge e s 4 v SMLLS v tu s wsau s mus
noted—theﬂrecovery time between mavimal exertions increased with age
Since some trainng was pesformed at all ages a pecuhar effect of traming
at any gien age was not uncovered Suffice 1t to say lhat tranmg of (hc
type used by Dawson did not present a d
with age, howescr, at age 71 he could perform work at Ic\els few elderly peo-
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ple could duphcate Dawson’s findings have been corroborated by Simonson
(39,40) who found that the running endurance of 11 men of average age
53 was about half that of 25 men of average age 33

1t 15 intereshing to note that the decrement 1n endurance associated with
age exceeded the decrement i aerobic capacity as estimated by the maximal
oxvygen mtake S (39,41) has speculated about this difference and
has suggested that greater heatt stram 15 1nvolved 1 endurance exercise and
a greater depression i excitability of the central nervous system (as assessed
by Flicker fusion frequency) may accompany endurance exercise Another
factor may well be the considerable metabolic stress of endurance type exer
cise as compared to short term running The “metabolic rescrve” may also be
considerably reduced m older men as mdicated by reduced mobihization of
energy stores (37)

Broop Pressure

Resting blood pressures quite commonly nse shghtly i men and m
women as they pass the age of 40 (1,44) Although this trend has been ob-
sened, considerable intenndwvidual vanation exists and many 1y estigators
have reported no systematic age trend

Fow changes i blood pressure that are attnbutable to exercise have been

. - B e LA
1ng Neither of the latter two studies appcar to be confirmed, ¢

The relationship of chronie participation 1n exercise to the mcu‘]cnceﬂf‘J
hypertension has not been adequately pursucd, probably because of the
multiphiaty of gross contnbutary factors such as diet, environment, émo”
tional chmate, genehic background, and disease d

One acute cffect of excrase as related to middle age has been obscncb "
Dunng performance of submaximal excraise, systolic pressure tends to
Iugherand recovers slower with advancing age (35)

Heat ToLERANCE 1v Mipore Ace

The most Iikcly time for “average” middle aged males to be actve Ph)“s
cally 15 1 the warm months of the year Gardening looks attractive, h‘}“
need mowing, and children lure parents mto games On some days !hcd ‘z
and wet bulbs reach values where heat tolerance should be considered i
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Ina 1C €x 10m of tol time, ability to perform moderate
work {simulated mine rescue operations which were carned out on a fixed
work rest schedule), and physiologcal p to hot ¢ 1t was

observed that older men (39-45) equal the performance of younger men
(19-31) 1n hot saturated environments (29 4-378°C, 85 100°F) (30) Ina
second expenment (17), 1t was found that the older men sustaned higher
pulse rates, forearm blood flows, rectal peratures, and skin temperature:
in the heat than therr younger counterparts Although both age groups ex
hibited the same total sweat response to the heat work exposure, the pattern
of response was different The older men responded 1 a mote “sluggish”
fashion than the younger men The time to onset of sweating was delayed
twice as long when exposed to heat and to heat plus work, sweat rates re
mamed high in recovery after work A third studv (16) mdicated that the
number of functioning thermal sweat glands was the same m another group
of middleaged (44 57) and younger (18-23) men, but that indwidual
glands were mactnve longer m the older group when exposed to heat Thus

for the sw eating mechamism to respond to the combination of ens ronmental
conditions plus exeraise Since the above studies did not nsvolve acchmatized
subjects, the rapidity of acchimatization by the middle aged remams an 1n
teresting problem In addition, the environments used did not excced 378°C
(100°F) When exposed to extremely hot conditsons of dry bulb 40°C plus
(104°F+), where the rapidity of the sweating mechamsm becomes crucial
m terms of tolerance, the middle aged presumably would be at a considerable
disadvantage The latter pownt deserves further mvestigation

SexuaL Actvity

Dunng middle age sexual “vigor’ declines on the aserage, although con
siderable varation has been found from one household to another (z25,26)
While a well documented age trend 1n frequency of sexual outlet exssts for
both male and female, a relationship betwcen habitual physical actaty
and/or past hustory of physical actmaty to the age trend has not been estab-
hshed

Although undocumented claims have been made for the beneficial effects
of exeraise m relation to sexual vigor and postponement of the chmac
terc, the Limted evidence nerther substantiates nor disproses these claims
Nor 15 there evidence pertaning to exthera general or speaific type of physical
fitness which would facihtate tolerance of the “stran” of the sexuval act The
adverse social implications attached to the conduct of controlled laboratory
expenmentation have largely stymed rescarch efforts Most chinicians, par
ticularly those intercsted 1 the area of chronie cardiovascular disease, are
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acutely aware of the possible hazards of seaual mtercourse m their pa
tient populations, but even this awareness has not been sufficient to over
come imaginary and real obstacles confronting the would be iy eshigator

Caroric AND NUTRITIONAL PROBLIMS

One of the important problems currently associated with middle age 15
obesity Although the ctiology of obesity 15 complex, 1t 15 related m part to
the excess dietary habuts of the middle age group mn relation to decreased
energy expenditure The lessened daily energy expenditure 1n the middie
years as compared to the teens and twenties 1s brought about m two ways
(1) reduced basal energy expenditure, and (2) reduced energy expenditure
associated with physical actity, 1e, not as much physical work 15 per
formed per day Appetite does not appear to be regulated as precisely dunng
the middle years as 1t 15 during growth penod with the result that large
changes 1n body composition take place from youth through middle age
Usually body fat mcreases and fat frce body weight decreases winle gross
body weight may increase shghtly or not change (23) The gam m body fat
ness from age 25 to age 5515 approximately 10 percent of the gross body
weight (5)

If habitual exercise 15 undertaken through the years, the age trend of de
seloping obesity may be modificd A surv ey of the effect of habrtual participa
tion 1n recreational activities was made by companng subsamples from a
group of healthy middle aged business and professtonal men (5) One sub
sample was compnsed of so called ‘actine” men (n29) and the other of
“mactive” (n 27) or relatnvely sedentary men The two groups were matched
for age (522 and 529 years) and height (1561 and 1762 em ) It w2
found that the “active” men were heavier (B15vs 783 kg), possessed
heavier fat frec body weghts (640 vs 597 Lg ) and had lower percentage
body fat (215 s 238 percent) The active men were also appraised

baving “Iittle of the disuse atrophy charactenstic of ‘normal’ aging”

While #ha a-n 11

mg Dgi} fatness with age, does so at a slower rate than the sedentary Pef
can . '

cepe e o~ -

R
weght, voluntanly “watch’ hus diet?
LE OIS 1 M *

o . - 5
nor comprehensne, 15 convincing and deserves thorough consideration v
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particular sigificance 1s the fact that weight gams frequently accompany
sedentary ving Mayer believes that a distinet actrty level exists beyond
which body werght remarns constant (calonc intake parallels encrgy expend
sture), and below which weight gam ensues (calone mtake exceeds cnergy
expenditure 32)

Exercise 1IN RELATION T0 CARDIOVASCULAR DISEASE

The concept that physical exercisc may bea protectine factor safegnard
ng the middle-aged from the ravages of cardiovascular disease 1s not new,
however, most myestigations of this problem were mitiated only recently
The results to date are mteresting but not conclusive In England, the ma
dence and seventy of coronary heart disease was compared 1 two employee
populations, transportation and postal workers (34) Both groups were sep
arated mto subgroups on the basis of the amount of physical actnaty essen
tial to their job In the transportation industry, conductors who took tickets
and performed other chores on double decker buses were compared to the
more sedentary dnvers In the postal group, the walling delvery postal
carners were compared to the office workers The physically active sub
groups in both transportation and postal operations had relatnely less
coronary heart disease and the heart disease they did have was less severe
Although the ncidence of angina pectons (or labeled thus) was higher
m the more active men, this was associated with thewr higher inadence of
nonfatal cases

Another study 15 currently underway at the Laboratory of Physiological
Hygene, Unwersity of Mmnesota (4o) Medical hstory and phystalogical
function m railroad workers 15 being evaluated (1350 railroad clerks were
classified as sedentary and 150 switchmen who work outdoors mn the railroad
yards were classified as active) In preliminary electrocardiographic tests per
formed before and after treadmull work, the mnadence of abnormalities was
significantly lower m the switchmen than the clerks Care was taken to
ehiminate all men with arterzal hy pertension

In these two studies, exclusive reference was made toa posstble relation
ship of exercise to the development of cardiovascular disease The authors
are well awarse of other factors such as diet, dietary composition, self selec
tion of jobs, genetic background, etc, that may contnbute to the etiology of
heart disease Quite frequently factors such as dict and actiity are intimately
related, with one mutually dependent on the other, so that clear separation
of causation becomes a complex tash

Attempts have been made to scparatc effects ” attnbutable to diet and
physical activity on levels of serum constituents commonly ‘associated with

th 1¢, cholesterol and beta lipop In acute exeraise ex
penments, both a slight reduction and ne change 1n serum cholesterol has
been found (31.45) In populations where chrome physical actiaty has
been miestigated, the conclusion has been drawn that dret and particulasly
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fat content has more nfluence than physical activity on both serum choles
terol and beta hipoprotemn levels (22,24) Only the groundwork has been
prepared n this important arca of investigation The next few years should
yield important contrbutions to case victimization of the mddle aged by
cardiovascular disease

CONFLICTING VIEWS—EXERCISE
FOR THE MIDDLE AGED

Popular peniodicals abound with articles which run the gamut from the
opinion that the aging process can be decclerated by a rigorous program of
excreise to one which advises that even moderate exercise may be detnmen
tal to good health The first group theonzes that cxercise increases ife ex
pectancy, extends sexual potency, “punifies the blood,” etc, while Chauncey
DePew's oft quoted claim that he, who Ined to be 93, “got Ius only exeroise
by acting as pallbearer for lus fniends who tool exercise,” 15 a classic example
of the latter group’s philosophy

The question—why do people enercise 1n middle age?—has also receucfi

° o - - I N
crohn (42) beheves that the force of self-destruction 15 the motnator
which makes the middleaged person cxercise He states “Exercise 55 2
state of mind Like sheep we follow the Jeader We have been told that
‘excraise 15 good for you’, we have accepted this dictum without reason, and
have subjected creaking jomts and protesting muscles to unnecessary straim
simply because we think exercise 15 3 necessary adjunct to proper ling Re

member jou don't have to exercise \

“average” middleaged person 15 not ms:lyvans“crcd 1t would scem that
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mddle aged persons may profitably engage 1n most recreational actvities,
provided that the mtensity and duration of the actvity s realistically ad-
justed to their physical condition at the time Thus statement smphes ind:
vidual knowledge of “muddle age” physical condition, and not a wishful
apprassal carmied over from the das of past athletic feats Under competitive
conditions, such as a game situation, it 15 easy for the middle aged person to
overlook the symptoms of fatigue and discomfort m order to emulate lus
victones of former days

Exercise has frequently been prescubed m the rehabilitation of some car
diac patients Certam cardiac cases have been encouraged to exercise as long
as they proceed at a lessurely pace and conseientiously seport deletenous
effects of exertion to their physicians (29) Others also recommend progres
sive exerase for restonng the heart patient to an actnve hte Walking, golf,
shooting, swimmung, and doubles tennis have been mentioned as possible
activibies

It has been recogmized that recreational activities such as sports, hobbaes,
and games meet an important psychological need for the mmddle aged
Proper use of leisure ime 10 the middle age penod prevents boredom Bore
dom hastens senescence by undermimng morale and dampening enthusiasm
Proper recreational habits may do much to make hfe more meanmgful

The effect of sports activibies upon the ego 15 descnbed by Hambridge
(15) His remarks may well provide a fitting conclusion to this chapter

The expenence of the spectator 15 mild compared wath that of the player, which
15 the reason games should be played, not watched from a grandstand At the
nsk of uttenng a blasphemy I wish to remark that catching 2 fast ping pong ball
and returming 1t with precision gives a pleasure not so far remosed from that a
panter feels when he makes a good strohe with hus brush on camvas

And that 15 one of the reasons why athletic games are so valuable for those of
muddle age and beyond The game not only heeps the body supple and i “good
tone”—which, after all, calisthenics would do, 1t subtly flatteis the ego with a
sense of mastenng new and difficult things All of us need that kind of Sattery
on occasion 'We get 1t m games no matter how modest the shill required
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Women and Sport

SUMMARY

Women's participation w sport is governed by certamnt brologrcal, saciolog
scal, and philosophical pts The protation of these concepls de
pends upon the society and the lime

Biologicdl sex duff 7t the kmds of actittes m which the
majority of women can particspate Heght, weight, orgame structure bodl)!’
type, curculdtion, respration metabolism, and endocrme secrehion ore &
factors which may be mfluenced by the sex of the mdnidual These differ
ential patterns in biology serve ag an mdication for the kinds of sport ot
tres which wall provide the greatest satssfactions for any one tdn idual

Some of the major differences between the sexes are found m the socio-
Togteal customs insisted upon by any society Because of the sociel mores

taed, psyelue diff Between the sexes result and may b¢ %
phasized These eultural and philosoplucal differences are at least & L
portant as the lwalogcal differences, but they are not so easily dentafied ,

It 15 certanly reasonable to suppose that women will continue 10 Pmc;‘;
pate m sports, for the tradition 15 now well established and undoubl ,{
actraty of this kind meets certamn physical and psychological needs of “‘””l".
as well ds men. It 15 likely that sexual differcrices—biologal and cullire .
will continue to dotermunc the particular form that sports and other Ph)s"fm
activity programs for women will take The sport program for women w e
Ameriean society will conbinue to be * fermmane” as long as 1 18 P"mc‘frm
mn dirccted by, and needed by women The standards of the culture an o
biologieal structure of the partscipants will undoubtedly direct the fute™®
women’s sports -

Wormen s partispation m sport has been governed by the cxrtfl“ﬂ““"m¢
of custom, prejudice, and excuse Lach of these hnve been a part of -
cultural pattern of a society at a particular tume and the bases of #hese

’ . hical s naterd

2 &nl 7 1. '] e
have been gical, psy gical, and p

308 -
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BRIEF HISTORY

Until the time of the Greeks there 1s httle reference to any sort of otgan
1zed athletic activibies for women although the Code of Hammurabi does
speaify that all of the people shall patticipate 1 exercise Plato i setting up
tus ideal state suggested that men and women should have the same sort of
gymnastic traming It 1s known that m the Greell aity state of Sparta women
exereised 1n the squares under the supervision of women tramers

From the fall of Rome to the Renaissance the influence of asceticism and
later that of scholasticism Lept sport i the background These 1sms cou
pled with the medieval concept of chnalry almost elimmated women's ac
tvities from the sports picture

‘With the advent of the Renaissance women agan began to partictpate 1in
spart although the process of ramsing and rearmg children remaimned their
chief occupation The seventeenth-century ladies engaged 1n sports such as
handball club ball archery and other activities becoming  the gentler sex
Still later the Tumverein movement sponsored by Jahn and the Ling Gym
nastic movement mcluded women in then orgamizational plans

game of basketball as played by women The commuttee published guls
rules for basketball with special stress on standards safeguarding the health
of the participants Articles on health examinations articles agamnst the win
atallcost theory articles on the differences between the girls and boys
game and a defimite [ g an exp of opmron on the
overemphasis of too strenuous competition for women were all a part of
s the comnuttee s work.

The ongnal philosophy of the womens athletic commuttees was con
cemed with both avoiding the pitfalls which had been demonstrated with
the men's interscholastic programs and with leeping the game safe and
feminine for the guls It 15 mteresting to note that the cultural pattem of
the society so domunated the thinking that there was much pseudobiological
evidence p d regardng the d between men and women

One of the most important topics concerned the menstrual cycle It was
assumed that dunng menstruation women were to be shielded from any
type of emotional or physical stramn

In addition athcle after article appeared with fi dence,
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claiming that women were naturally biologically mfenior to men and hence
might not be able to take part 1 any competitive sports situation, even if
they wanted to do so

About the trme of the 1920's really objective rescarch work was done on
sex differences There was a mulhitude of evidence to support the thesis
that there are some differences which might be Justifiably attrbuted to sex
Howeser, these differences once established, seemed to grow less mpor
tant in subsequent studies of behavior and function It 1s these differences
which affect the pieture today with regard to women and sport and 1t 15 the

d ding of these diff which fosters mtelligent plannig of
sports for women

ANATOMICAL DIFFERENCES

Genetic The female embryo 15 created by the fusion of mo‘X chrom?
1o B B

ama kL

the defective gene With the male cr;ﬂ;r}o, where there 15 a defectne gen
m the X ch , there 15 no hing gene and this may determine 2
defective charactenstic m the embryo which may result in abortion ms
carnage or genetic imperfection

Skeletal * The skeletal differences between men and women begin Iat
buth By the 18th-zoth weeh certain ossification begins in the female slcg
ton (36) and such bones as the pisiform and the epiphysis of the metacarp?

1

s

be explamed partially by the fact that the muscles of the male are hmﬂﬂc
and hence the pull on the bones 15 greater causing heavier and morc massh
bone development (816) het
There 1s some indication that the male has a more promincnt nosc, hg
cheekbones 2 squarer, heavier jaw, heavier cnds of the long bonss, 2;‘
deeper grooves where the muscles attach (36) The angle of the female aon
may be different from that of the male m that the female arm often cm
forms to the angle made along her side by her narrow shoulders and P
truding hips hile
The shoulder width of the female 1s narrower than that of the male, “Ics
the female s bony pelus 15 relatively shallower and broader than the M be
The female pelic gudle often appears grossly broader than the malgs 3
cause of the adipose pads formed over the hups This surplus of 2diP°
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tissue, plus the narrower shoulder, tends to emphasize and exaggerate the
hip width in women Howeser, there 1s great diversity within both sexes with
regard to hup and shoulder width and 1t 1s difficult, +f not 1mpossible, to make
10n about these ch 1stics 1n either the male or

a PIng g
the female

Growth The growth pattern for the female 15 more accelerated than that
for the male and most girls achieve them most rapid growth spurt 2 24 jears
before boys (38) Escept dunng the prepubertal perod, the male has a
slight advantage m height which he mamtams mto adulthood (7) The
mean height of the adult female 15 five to six mches shorter than that of the
adult male

The adult male 15 about zo-25 percent heavier than the female The exces
sive accumulation of fat i the female, and the development of the bust
explains, to some extent, the proportionally greater weight of the female It
15 Teported by Moore (z7) that the average adult female has about seven
more pounds of subcutaneous fat than the ayerage man

In general, the male growth peniod extends over a longer expanse of time
than that of the female, and because of Ius onger growth penod, the male
between the age of 12-17 has greater proportional growth m height, weight,
breathing capaaity, sitting height, and chest girth (2)

In relation to height, the chest gith of the male 1s greater than the fe
males, and hence the males thoracic region 15 larger Comversely, the ab
domnal cavity of the adult female may be larger than that of the male

Cotton (13) found that the mean center of gravity m the female 15 ap
proxunately o6 percent lower than that of the male This differential 1s
brought about mamly by the man’s greater height, broader shoulder width,
and narrowes hips

The lower leg 1n the female may be shorter than that of the male and
often the height of the male 1s found in hus leg length The average male foot
15 of greater length and width than the foot of the female, and the man s am
length generally surpasses that of the women

There seem to be many mdications that, while the female s maturation
pattern 1s accelerated when compared to the male's, the longer growing pe
nod for the male produces a heavier, more massive indndual with relatne
structural advantages, especially 1 the upper body devclopment

FUNCTIONAL DIFFERENCES

The structural composition of any ndividual govems his functional pat
terning, quently, when the p ity of gross structural sex differences
15 recognized, the possible effects of these structural differcnces upon func
tion should be taken into account

Curculatory  The larger heart of the male may be the result of hus larger
propottion of muscle tissue which tequires better airculation than the con
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trasting proportion of adipose tissue i the female This heart size dfferentill
causes a faster heart rate m women (44) The average red blood corpuscle
count 1 the male 15 5 000 000 per cubic millimeter as compared with 4 500
<00 1n the female The blood of the male has about 8 percent more hemo
globin (17) and the specific gravity of the man’s blood 1s higher than that
of the woman The systolic and diastolic pressures are generally about 5-10
mm highern the male

Resprratory  The smaller thoracic cavity with the smaller lungs tend to
merease tespiratory acceleration m the female (17) In the woman the mose
ment of the upper part of the chest 1s conspicuous during rcspimuonv(m
chest appears to nse and fall with every respiration) while the males =
spiratory movements are often entirely confined to the lower part of the
chest with the diaphragm bemg the chief respuratory agent Appaently, s
less oxygen 15 needed by the female because of her smaller size and lower
metabolic rate, her breathmg capacity 1s lower

Metabohc The female metabohe rate »s lower than the male's at all 2g&s
{3 4,16) This metabolic rate vanes somewhat dunng the penodie se:ﬂlﬂl

cycle and st 1s beheved that the metabolic rate nfl the resp
' Ty v ) 1 ’ ' 113 nmemfir

calaum metabohe rate (34) than 1n the male, while the larger and moe

massive bones of the male indicate that there 1s a greater retention of ca

cwum n the male dunng growth The female's calcium metabolic rate ap
Raaa

tume 15 quicker 1n boys from 6-17 ycars of age but there 15 no mdication thit
this speed persists in adulthood
LA PR

A the

- e e mee s =B
thus gland regulates mefabahsm there would appear to be a key 5% 1,311;;
charactenstic wnherent 1 the thyrod gland The prtwitary gland 15 uS
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larger in the female (27) There seems to be no basis for assuming that the
endocrme secretions are different 1n proportional quantity or quahty be
tween the sexes and there 1s much reason to assume that the results of simlar
spectfic endocrme secretons are the same 1n both sexes

Probably one of the most discussed sex differences 1s the menstrual cycle
of the female Medical opimon suggests that the female should refram from
strenuous achivity mvolving mtense competition dunng the first two days of
her menstrual penod Mild exercise, on the other hand, may be very bene
ficial 1n amelioratmg congestion which 15 often the cause of menstrual dis
comfort

Although dysmenosrhea may be due to nadequacy of abdomnal strength
and m some cases may be corrected by certamn exercises, there are often psy
chue factors involved Dysmenorthea does not appear to alter body reactions
significantly except msofar as mability to function results from pam It 1s
obviously not desirable for susceptible females to participate m any actnities
which cause mcreased abdommal pressure on the pelvic floor dunne the

uNatumllyr, xr: the pregnant female there are many body changes, both
structural and functional, which tend to affect her actity pattern

PSYCHOSOCIAL DIFFERENCES

At the present time nothing defimite can be said regarding the “real” psy
chologreal differences between the male and the female, and i most cases
m which such differences have been claimed, it has been evident that social
factors rather than actual sex factors are accountable

In the current Amencan society certain psychological attnbutes such as
ntuition, endurance of stress, and sacillation tend to be assoctated wath the
female, while attributes such as thinking logically, tenacity, and being rela
tuely free of domination by emotions are associated wath the male

>

In the same vein, but adding the dimension of cultural change, lingenng
traditon mramtaims that the female s p d d, sud sub
but on the other hand, 1 terms of popular thought, the “modem” woman
1s adventurous, unrestramned, competitive, and aggressine

The ambiguities of sex role i a changing culture are, of course, reflected
n the Amencan sports picture Until after 1900 1t was not considered proper
that college guls should participate 1n vigorous, compelitne sports Such
behavior was considered “masculine” More recently outstanding women
athletes could expect to have their essentral femmmity questioned because
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thewr sports performance was not entirely m hine with the cultural prescp-
tion for their sex

The association of athletics and masculinity in the Amencan culture poses
a rather interesting and complex problem for the sports minded gul If to be
successful, the boy 1s to “play like a man,” that 1s, to be confident, braveand
harde
hke?
of “tc . .
15 assumed, will be outgrown as feminmmty asserts itself This dichotomy of
concepts regarding women and sport perpetrates confusion m the minds of

the role of girls and women 1 this ;ocmty

CONCLUSION

The evidence indicates that although the anatomical and functional difer
ences between the sexes are not so radical as were once thought, there 3¢
some biological generalizations about the “average” mdwvidual, with regard
to sex, which may be used as indices for sports

Sports, where the outcome 15 largely dependent upon strength, endur
ance, and power give the male an easy advantage Thereforc, unless women
compete aganst women, a disproportionate contest results Furthcmw";
the biological generahizations regarding “average” scaual differences suppor
the theory that in order to have chall and equal ¢ 1onal actnh

chimate of the ime As such they are difficult to define t
It 15 essential that all sevual differences be interpreted 1n the w"c:]
frame of reference Biological differcnces should not have a PS)CI“’S]O”
interpretation nor should psychosocial differences be attnbuted to bio ‘;g"
Although the “average” person 15 constdered when companng sex d’] S[
cnees, in sports it 1s difhicult to deal with an “average” person cither bio ":ﬂ
cally or behaviorally It 15 so decidedly an indmadual who meets any E"“m=
situation and anv one indnidual may represent the eatreme as well as !

- [ -
Women will doubtless continue to participate m sports, for actisty of
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kind meets certan physical and psychological needs It 15 ikely that known
—and as yet unknown—bological and culturally denved differences will
determune the particular form that sports and other physical activity pro
grams for women will take
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Sports and Length of Life

SUMMARY

Attempts to study the effects of sports participation on length of hfe
have been, 1 the man compansons of the longewity of college athletes
(letter winners) with wnsurance mortahty tables based upon the general
population Howerer, two comprehensne studics and two of more limted
scope i which companisons wcre with the college classmates of the letter
winners and not with the gencral risk indicated Little diff m
longevity of the two groups There 1s appreciable evidence that former col
lege letter winners die more frequently of violent deaths (accidents, suicides,
homicides, and war deaths) than do other college graduates

A frlot study taking into account @ varety of factors indicgtes that al
though there appear to be rather dustinct differences between athletes a5 a
group and nonathlcte controls both as to physical capacity and other char
actenistics while n college, by rmiddle age or before, these differences are not
nearly so marked Apparcntly few traumng habuts carry over into later bfe
Mode of hife and amount of physical activity at various periods of life rather
than sports participation 1 jouth may well pe the important question m
relation to longevity

Since very early times, men have pondered over the effects of strenuous
exercise and athjeiics Eppocrates and Galen behesed the consequence of
competition 1 the sports arena was an early death (12) This vew prevailed
mto the mid nineteenth century when wn 1873 Dr John E Morgan, an
English physicran of distinction and former oarsman, compared the Iongevity
of athletes with the general population (17) His mnvestigation revealed that
men who rowed m the Oxford Cambndge boat races between 1829 and
1869 hined about two years longer than the ‘average’ Englishman as ex
pressed by msurance tables

517
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There followed a senes of sumilar studies by Meylan (1.4), Anderson (1),
Hill (12), Dublm (8), Cooper, O Sullvan, and Hughes (4), Knoll (13},

N v
to wnsured populations 15 unjustified considening the selectiity imphed m
attendance at college, particularly 1 these carly years There 1s appreciable
evidence that college graduates regardless of participation 1n athletics ne
longer than the average msurance nsk (8,217) This 1s no doubt due to
the medical, nutntional, and occupational adsantages associated with unt
versity Life and with the socioeconomic positions of graduates Many of the
graduates of umiversities during the penods of these early 1nyestigations
entered the clergy and other professions These occupations have been
known for a favorable hfe cxpectancy (8,214) The heredity cndowments
of college graduates may also be advantageous
In the most important studies reported m the literature the cuticsm dis-
cussed above was avorded by companng letter winners (athletes) with their
classmates Greenway and Hiscock found the hfe expectancy of Yale ath
]ct'cs to be greater than standard life msurance nshs, but shghtly less than
' -

to the fact that they were a part of a larger select group, namcl;r college grad
uates, smee there was httle difference 1in mortality between gencral college
graduates and athletes m the sccond mvestigation The small differenc®
m life expectancy (025 years on the average) was i favor of the genesl
graduvates The greatest difference n hfe expectancy (o6 years) occur!
at about 5o years of age At almost every age, however, 6500 scholastic honor
mt;n had 2 lfe expectancy of 1% to 2 years greater than the general grad
uates

Reed and Love compared the Tongevity of former lctter winners at Wast
Pank Ty e Rl

of the mortality of athletes with lh(;r classmates (:o; There wete 834 ath
letes, 379 nonathlete controls, and 382 academic honor winners, all ga
uates of Cambrdge Unnersity The athletes bived on the average 05 )“3
longer than the nonathlete controls whercas the “ntellectual group” Inc
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on the average = years longer than the controls Sir Allen Rook went a sten

' . o '
] W . N )

. ' VU SN SN VO

than the heavy athletes

The smulanty m the studies by Dublin and Rook with respect to the
mortality of academic honor winners deserves comment The lower mortahity
of the honor man can hardly be evplamed by military deferment or military
billet since war deaths were excluded mn Rooks study Intclligence and good
Judgment may have been sigmficant factors together, one might guess, with
a more fayorable heredity Tt s entirely possible, foo, that the honor winners
may have entered occupations less hazardous than the general graduates

Recently another study (16) produced results very sumlar to those of
Dublin and Rook with regard to the longevity of letter winners OFf 628
college athletes and 563 nonathlete classmate controls for which information
was available, there were 67 deaths 1n the former group and 56 i the Iatter
The difference m hfe expectancy of the two groups was less than o 4 years
1 fayor of the nonathlete controls

Also of interest 15 the closely allied question “Is there a difference m the
causes of death of athletes as compared to nonathletes?” Limited msesty
gations beanng upon this problem have also appeared m the hterature but
again, there 15 a paucity of well controlled research Meylan (14), Anderson
{2), Greenway and Hiscock (10), Dubhn (5), Brckert {3), Knoll (13), and
Van Menvinne (z2) reported distributions of causes of death among ther
athletic subjects However, adequate control data on nonathlete subjects
were not reported

In 1944 Wakefield compared the causcs of death among 2919 former hugh
school athletes who played mn the Indiana State basketball tounament with
causes of death m the general population of Indana (23) He found about
the same percentage of deaths due to pneumonia and nfluenza among the
athletes as i the general population but fewer deaths due to tuberculosis
(13 8 percent among athletes compared to 209 percent) and slightly more
cardiovascular renal deaths among the athletes (163 percent versus 133
percent) The biggest difference, however, was m the violent deaths which
were considerably more common among the athletes (340 percent versus
173 percent) Several previous i estigators had reported high meidence of
violen} deaths among former athletes {Mevlan. 1904, Greenway and His
cock, 1926, and Knoll, 1938) Wakefield's study may justifiably be eniticized
on the basis that the general population of the state of Indiana hardly
represents suitable controls

Rool and Montoye, et al compared the distubutions of causes of death
among former athletes with those of therr college classmates (z0,16) In
addition, Rook had a group of academic honor winncrs who were also class
mates of the athletes and controls Rook found hitle difference s deaths
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due to cancer, nf I; and bronchutis i the three goups
There wese shghtly less heatt, vaseniar, and renal deaths among the former
athletes (4x 6 percent), than among the random cantrols (48 6 percent) of
the instellectual group (483 pescent) In Raol's study there were also moie
viclent deaths among the former athletes (12 6 percent) than the other tvo
grops (70 and 8 8 percent respectnely) even though war deaths were ex
chuded The numbers of cases 1 dus study were as follows  athletes, 439,
random contral, 1.4z, mellectnal, 172

Although the second report (16) wcluded only 123 deaths in which the
<anse was known, the results are simiar fo those of Rook The differencen
dustrbutions for causes of death was not statistically inportant for the former
athletes and theyr classmate controls Venfication of the cause of death in
the majonty of cases was possible through the examination of photostale
capies of the attendmg phvsician’s teport The causes of deaths reported by
relatrves of the deceased were foung to be Iughly rehable when compared
to the medical opunion tendered by the physician at the time of death Thete
wete fess than 2 percent gross etrars

Tt appeats quite clear that there 1s hittle difference sn the over all bfe &
pectancy of college fetter wmnners and the average college graduaie How
ever, academuc honor winners can expect to live a yeat or two longer Thete
is apprecible evidence that the probabibity of a violent death 15 greates for
college athletes than for therr nonatiilete classmates These men may b
more adventutous and perhaps may eventually be employed in mor haz
ardous occupations

An estensive study of many factors which bear upon the longenty and
worbidity of former college athletes 15 wnder way These mclude medica
tustory (mlments, woght gam since graduation from college, chuldhood dj
cases, cte ), famly hustory (longevity and causes of death among g8
pasents, pasents, and siblings) mihtary senvice, phvsical actnaty at \;mo\l:
age penods w hfe, smoking and draking habits, ctc An anahysis of thef
factors for 628 athletes and 563 contrals has been seported tecently (36}
From this pidot study several sigauficant conclusions have cmerged
though there appear to be sather distinet dfferences betwoen atbletes 2\’ N
group and nonathicte cantrols both as to physical capacaty and other € :r(
actersties while m college, by mddle age o1 before these differcuces are “"a
nearly so marked Thven in coliege there appears to be greater ifferent!
among athictes n diffcrent sposts than between athletes as 3 group 38
Qassmates who did not cam vassity letters Tt appears that few of the sl
babits, that 15, vigorous excrone, abstence from the usc of tbaced 38

2]
aleohol, ctc , canry over mto Tater ke Tt will no doubt be mote frutfdl X
rommate thaen \ e Tyee il

[

. . . c
and compet PP 1y are t yuaht .Dh xus more likely that ¥
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mmportance of exercise 1n daily hving will become apparent when men who
remain relatnvely actise throughout thewr Iises are compared with those who
remain relatively sedentary
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2 8 CHARLES N COFER AND
WARREN R JOHNSON

Personality Dynamics in Relaton

to Exerase and Sporls

SUMMARY

This chapter 15 composed of three parts (1) an overview of four major
modern theories of motwation with thew respectsve implications for why
people exercise, play, and engage n sports, (2) a discussion of personahity
testing and personahity tests, and (3) a review of personality studies that
have been done 1n relation to sports, a discussion of changes n motivation
to play and compete 1 sports duning the course of matunng and aging, and
a note on hypnotic research m this area®

Part I-—Theores of motnation Four theories of motivation are described
those represented by Freud, Hull, Hebb and Maslow (1) According to
Freud, human motn ation 15 explicable mamly on the basis of unconscious
forces related to libido, therr manifestations i the Ocdipus situation, and i

f y behavior undertaken to resolve conflicts (2) According to
Hull and Ius assocates, motn.ation 1s built on primary dres through leamn
g on the basis of the law of effect Drive is seen mainly as an energy factor
n behavior rather than as a steering gear determiming what the person will
do (3) According to Hebb and his associates, human motnation denves
from basic needs to be curious, to explore, to manipulate, and to sohve prob
lems (4) According to Maslow and s assocuates, although ‘deficit’ moty
sations, such as those of (1) and (2} above, are needed to explan much

sulted for 1nformation relatne to both chapters
x23
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human belavior, whert basie needs for such things as safety, comfort, and
respect are granted or achseved, it 1s possble for human beings to operste on
a “self-actualizing” level At this level, people do not stnve i one area, €4,
sports, to compensate for wadeq ¢ or aggresstons s another
area, but engage n activities as ends m themsehes rather than as means to
other ends

Part I—Measurement of personality and motwvatsonal varbles In ths
part, problems of relability and validity of prersonality testig are discussed,
sarious types of measurement procedures are presented and thew imtations
noted, and pertinent references related to personality measurestent are cited

Part H1—Personality studes related to exercwse and sports Efforts hae
been made to determune (1) whether there are differences m personaldty
among vanous types of athletes, (2} whether outstanding performers hase
distinguishang personality traits, and {3} whether partseipation i of obser
vaton of play or sports gives rise to changes in personality dynamics

A number of studies mdicate that certawn types of athletes and acty
1ty groups have wentifying p Ity ch 1stics, although 1o light has
been shed upon the extent to which sports partseipation has been a factor vt
branging about lasting changes m personalddy trasts

Some mvestsgations suggest that champion athletes have distnguashiag
personahty trats

A few studies have been designed to defermune the wmmedidte and/for
seasanal effects of sports competition upor p Iity & Indication
are that the anticipation of some types of sports competition 1 assocutted
with rather serere, temporary psy chological reactions Research rcportcd
lends support botl to the theory that aggressne tendencies are dumnsshie
by overt uggressve behavior {cathartic theory), and to the theory that a8
gr cs)sne tendencies dre wnereased by overt aggressive behavior (cweular the
ory

One mvestigator reported evidence that moderate weight loss assocuted
witl lugh schaol wresthing gives rise do a reduction 1 dggressive tendenaics:
another, on the basis of a pilot study, reported no evidence 1 support of the
theory that strenuous exercise and/er competition low ers sexual fensiors; &
still another reported changes us the personahity dynamcs of spectators afte’
watcling a serses of boxing matches

A pattern of change w the psychologieal sigmificance of play, exerese and
spoits s transstion 15 made from childhood to edulthood 15 propased 15
suggested that motnation to play and compete mn sports undergoes chang?
at the different lerels of the maturng and aging process, dnd that at somé
Iescls motnation 15 more of the “drven” and compensatory kind {somé
stages of cluldhood and later adol, Y, but that at others 1t 15 sore
the unmotnated {preadolescence) and perhaps, though rarcly, ©Et &
actuahzing knd (mature adulthood) Wrestiig may be used fo dlusitd
how the meaning of @ sport can undergo change w the span betweed ol
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hood and adulthood, i that at some stages it 15 d means to an end, while at
others it 15 an end n stself Changes i motnational tendencies, and the
meaning of play and sports at different pertods of life have important 1m
plications for phy sical education curricula and methods

Hj pnosis has been studied to some extent m an effort to determne its
effects upon physical performance, 1t has been used as a means to mm estigate
underlying and unconscious motnation to play and compete i sports, and
posthy priotic amnesia has been used as a means of controlling the psycho
logical varable n exercise studies

THEORIES OF MOTIVATION

To speall of motn ation and the nature of personality m a book concerned
with exereise and sports requires some mtroductory conceptualization of
possible relationships of these topics to the subjects of this solume Let us
begin by raising certamn questions which can indicate the hinds of relation
ships that may be mvohed First, we may ask, why do people engage in
exercise and spoits? Are there motines or needs whose direct expression lies
m these activities and whose force 15 present even though other motives and
needs are lacking? Such questions might be answ ered affirmatively and then
the further query would concemn the description, ongin and nature of such
moties But it 15 also possible to suggest that there are no motives or needs
which lead men to exercise and to sport, yet people engage in these actnities
and the question remains, why? A second answer or hypothesis could be that
motives, whose direct expression or gratification lies m other actnahies, can
nevertheless underhe and perhaps be grabified i whole or part by exercise
and sport This answer unphes 2 much more complex and mdirect relation
ship than does the first There 15 of cowse a thurd hypothesis—that there 15
10 relationship between these motive factors and the actnaties with which
weare concermned

Recent work has concemed the role of motnational and personahty van
ables m exercise and sport, and 1t scems to be predicated upon the second of
the foregoing hvpotheses concerning the relationship, both with respect to
the performer and the spectator Further some insestigations have sought
1 motvational and personalitv factors the bases for exceptionally able per
formance, as in champion athletes These several areas will be reviesed m a
Iater part of this chapter In preparation for this review there follow discus

r - - -
Conceprions oF MoTvaTioN IN RELATIOV TO PERSONALITY

It 15 probably a fair generalization that most of the current concephions
of the nature of personality (2) agree in viewing personality as an orgamza
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tion of endunng and ch shic ways of p g, fechng, and acting
which have ansen i the service of motives This 1 to say that personaliy s
regarded as a stable product of the mteractsons of the mohwated ndividual
with hus environment and that the mamfestations which we call personably
are highly devcloped means by which the mdivdual, consciously or uncon
scously, copes with the motivations which have unpelled or do mipel hun 1
hus dealings with hus social environment, that 1, lus 1nterpersonal relations
Such a conception makes of motivation the pmary concept and of person
ality an expression of motivations, by reading the expressions of petsonality
we may be able to understand the underlyng motwations This s what 18
ardmanly meant bv 2 dynamic conception of personality

it should be pomnted out, however, that thus 15 not the only conception
which 15 possible One may simply attempt to descrsbe the smdwidusl 1o
terms which mdicate his major charactenstics and rasse no questions cot
ceming the ongms of these traits m motnational terms There 1s value m
this position, but we shall not further concern ourselves with it here, sefernng
the reader, how evex, to several sources where st 15 deserbed {41,76,2,18)

The formulabon of the dynamic conception of personahity suggcskcd
above describes 1t at a ghty general Jevel, but there are many vanations 11
the detasls which different theousts have advanced We can give here but 3
few representative Mustrations, whach, m the witers” apisons, ndicate
domnant and developmg conceptions On present evidence, it 15 not pos
sible to choose among them, but they alE significantly gwmde rescarch and
even practice m many areas of the social and hehavioral seiences

‘We mav begin broadly by suggesting at once that the vicwpomts to be
desenbed diwmde themsehes mto two camps, based on the number of basc
ot pumary molives they postulate Likewse they differ 1n the extent 10
which dmve or tension red seems ta be ad 1 as the prune goat of
or as the prime basis for the control of action The first two sets of theonts
agree 1 postulabing s fow basic motnes and m cmphasizing tession reduc
tion, the next tw o classes seem to employ multiple motn e states and to moud
commitment to an exclusne tension redaction prmaple These four clases
are outhined below, and the descptions have been slanted so as to bear 07
the problems wath which thus chapter began.

In passng, 1t should be obsened that conststutsonal theones of persod
ahty and motiation do not as such play a sigmificant rale w the curret
scene None of the four classes outhned below would deny constitutional of
hereditary processes m motnation and persanality, but none scoms 0 make
4 major and practical vanable of them For the one current ssewpomnt which
15 heavih constitutional in s emphasis, sce Sheldon {g9,41).

Mornarion as A Cevraar Concerr, witit 4 Pusposive Funenioy

In the older wstinct theones, such as that formulated by Willant -“‘;
Dougall (73), the mstinct was scen as the prme moner of conduct MO
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than this, howeser, was imolved because conduct was seen to stnye toward
the attamment of those goals necessary to mstinct satisfaction We could
almost say, then, that the instictive urge contamed some indication of the
actions or objects appropnate to its eapression

While nstinct theones of grand scope ike McDougall’s are no longer
taken very senously, nevertheless the pmacy with which s view endowed
the motivation construct as a factor in behavior and, to some extent, the
purposive, intentional, selective, or directine function of the motive are
prominent features of one large class of motvation personality theory today
It would seem that there 1s much m common, for example, between Mc
Dougall and Freud in these sespects, and Murray (87) has explhatly md
cated his debt to McDougall (as well as to Freud) 1 wnting of hus own
personality theory It seems fair to assert that Freud s theories and theories
which closely resemble his are dommant today m psychiatry chmcal psy
chology, and related fields and that they have a powerful mfluence over
the whole range of the behayioral and social sciences They fit m, too, with a
commonly expressed layman’s behef that the answer to the question “Why?”
n matters of human behavior 1s a motivational one

‘We shall here attempt a summary of some of the salient features and
assumptions of Freudian psychoanalytic personality theory, reserving to a
later discussion the descrption of certamn siewpomts which while partially
denvatie from Freud yet deviate from hus views significantly No effort wall
here be made to discuss psychotherapy, as this topic, though a major aspect
of psychoanalysis, 1s not relevant to our present snterest * Adequate sum
manes both as to Freud s views and as to psychoanalytic therapy may be
found in Frend (32,33}, Blum (13,), Thompson (104), Mullahy (85), Hall
(40), Munro (86), Hall and Lindzey (41), Femchel (27), Fromm Rerch
man (35), and Hendricks (46)

Freud postulated but two basic mstinctual forces, those having to do with
hfe processes (E10s) as represented by the sexual wmstinct and its energy,
Ibido, and those having to do with death, aggression, and destruchon

Many wnters have rejected the death aggression mnstinct, arguing that an al
anses out of frustration of

henomena (21} Freud him

.- o= - , 1f ever, seen 1n a puse form

but usually appeared 1n fusions with some aspect of Eros, as in sadism and

t It makes a considerable practicaf as welf as theoretical diffesence

1f one does or does not assume or demonstrate such an instinct, and perhaps
the majonty of cutrent wters would not postulate 1t

The sesual snshinct was thought to anse virtually at buth and to pass

through a number of mamifestations before it reached or could rcach mature

*The chapters by E Layman  Physical Actmty as a Psychuatne Adyanct * and
N Contnbuua}:'n: sf lgm:::nd %pons to Mental Health'and Sonal Adjustment, * contam

wformation that 15 relevant to this general subject
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cxpression m adulthood These earher penods of sexuality, correlated m tme
with the preschool and kindergarten ages, were known as periods of infantile
or pregemital sexuality Every person, accordmg to this theory, passes
through these stages first the oral, then the anal, and last the phallic (or
early gemtal) penods, when maximum pleasure, seen as gratification from
the stimulation of these bodily tegions, 15 gained successively 1n these zones
Correlated with the use of these bodily zones for pleasure was thought to be
an egocentric and naraissistic view of the self m relation to other people,
such that others were pnmanly related to m terms which would permit the
youngster s satisfactions without concern for the welfare of the others The
child was concerved as a pnmitive, egocentric bemg, largely motnated to hus
own pleasure (defined as reduction of libinal tension) and mentally unable
to thnk very logically or rationally The Oedipus Complex and the Castra
tion Complex, well known Freudian notions are thought to nise 1n the latter
portion of this pregemtal or infantile peniod

As mdicated above, according to psychoanalytic theory all people are be
lieved to pass through these peniods, although some lasting effects from each
such stage would persist in any case But relatwvely few people do so suc
cessfully, that is, without some dufficulty, and I'reud thought these difficulties
lead to fixations which may be defined here as the lasting attachment of
some amount of the libido to some zone or zones or stage or stages of de
velopment In explaming such fisations Freud called both on constitution
and on expenence In some people, he suggested, for constitutional reasons
a given zone 1s very readily fixated i others, expenence determines the fixa
tion Thus a child too quickly weaned might retan some fixation at the
oral level another might so remain also, but because of excessive satisfaction
n the sucling expenence Wlile Freud always wsisted on the possible 1
volvement of constitution 1n fixahion later wnters (104) have stressed expent
ence

As we have said, the child (and the adult too) sceks pleasure {dommation
by the pleasure prnaiple), defined as reduction of libinal tension, through
gratification of a dnve or mstinct But for various reasons, every child expent
ences frustrations, esen when he has the most solicitous and watchful
parents More typically his parents reject the kinds of satisfactions which the
child secks, even to the pomt of dire threats, for cxample, when they observe
him 1 masturbation And se the pleasure seekung child, foreed to face frus
tration, threats, and punishments and desirous of munnuzing these factors
must Iine, as well, according to the Reahty Prnciple This situation wou
encourage the development of a fination, probably through the frustration 0!
thr? libidinal urges, and the personality might become orgamzed around such

of the opposition of the pleasure punciple, as represented by the Id, whis
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contamns the instincts and functions according to the pleasure pnnciple, to
the reahity principle, represented in the Ego Control over the Id was vested
1 the Ego, but the latter agency, in Freud s conception, had a difficult role
In the fist place, the Ids interests were dynamic forces whose urgency
was mcreased, not abated, by frustrations, some degree of satisfaction must
be accorded them In the second place, the Ego must percene and take
1nto account the demands and restrictions of external reality which might be
expected to react to the unbndled expression of 1d mpulses with hostility,
punishment, and rejection Third and more important than the second, was
the Super Ego, to which the Ego also was subject This agency was created
the image of the person s parents and 1t functioned to prohibit actions or to
encourage others wluch fell respectns ely withan 1ts disapproval or 1ts approval
{Ego Ideal) The Super Ego had a great capacity, as had the parents before
it, to arouse guilt, shame anxiety and feelings of self esteem or therr re
verse m the Ego, and the Ego was seen to respond abjectly to this master

Freud’s obsernations led um to beheve that the Ego could use a number
of techmques, or defense mech m 1ts troubled role of givng the Id

1
tire energy from the Id, whose impulses, chiefly the sexual ones, may there-
fore be said to underhe most, 1f not all, of a person s behavior An mdwid
ual s major achievements—hnowledge, institutions, arts and the Iike, as well
as deficiencies and farlures—were attnbuted to the same mstinct sources
often vaniously transformed and disgmsed by the Ego in order to by pass the
Super Ego It should be clear that most of these actions, events and agencies
were seen as operating unconsciously, Freud thought that what we are aware
of or can become aware of represents but a very small portion of our mental
lives And most of this unconscious matenal never becomes consctous, short
° Vo DR ' ' '
'

] L R s >
Representahve of t{lem are repression, projection, reaction formation
tdentification, sublimation In all of them the mstinctive energy 1s displaced,
that 1s, 1t 15 directed to actions and objects other than the object or action of
chowce Some mechamsms are thought to be more effective than others Sub
limation, for esample being the channeling of mshnctual enesgy o so-
cually approved actvities, relieves the underlying mstinctual tension, the
mature man would use this mechanism over others But repression, for exam
Ple, denzes any expression to the instinct

We may return to the ongimal questions of this chapter it seems unlihely
that an classical psychoanalysis excrawse and sport would reflect the direct
expression of motnes for those actiaties Rather they would probably re
cene their impetus from other sources, say pregemtal donves, or express de



532 CHARLES N COFER AND WARREN R JOHNSON

fensne operations of the Ego Chuldren’s play, for example, was seen 25 2
way of avercomung anxiety and obtaming mastery of many fears by expen
cacing 2 threateming sitvation over and over agam m games B s often
argued that sigorous exercise may be a w ay of dischargung aggression, ansing
from other sources Or the display of one’s body m scanty attire, the reaiza
tion that one’s muscles are bigger than someone elses, ot winming 1 2 con
test over some adversary may all sen e some naresssistic, pregemtal impulie
One's attitudes toward his parents of s sibhngs might also be svoled 1
any activity i this area It 15 difficult to generalize, how tver, even fo the s
sertion that inderpretations hke the foregoing ase plaussble, evcept w mdt
vidual cases Fiewd wotked primanly with newrotics, m whom he readdly
found evidence for the motivation of the most widely daffenng actiaties by
the same sources That his nterpretations have not bheen entirely conunt

ng, even to all psyehoanalysts, may be seen i g later seet -~ eaty

he obvonsly attached great mmportre- ap

patently demved on udy
‘ w3l

T . v WEPT, WiTH LNERCIZING ADD

K - « WACTIONS

Theones of the previons class Jook on motnation not only as the factor
that explams v hy there 15 any behastor at all but slve 4s a major, or pechaps
the main, factor which accounts fos the speaific acts that oceur, speeific 3cts
are selected 1 the Jight of motn atignal goals, and behavsor 15 regarded 35
purposne mtentional, directed, or guided as 2 direct or indsrect outgrowth
of the actne motne stself In the viewponts of the present class motiva
tion serves a sumewhat different function motn ation arouses behavior tend
enaies to action m the presence of appropriate stunuls and it senves as 3 bass
for yeward and therebore of the learning of behawior tendencies, e
habits But the direction, purpase, or mtent scen 1n behav tor ss ascibed here
to the controlling factor of habst, which 15 not, by dcfinition, 2 motxational
tesm An analogy, similar to one employed by Woodworth {1:6) many
years ago, may clanfy this point An automobile, with sts engine at fest, €08
tams all the steuctures nccessary for Tocomotion, and, wsth a dmer at the
wheel to steer, ats Jocomotion 1 dwected But only when ats mechanusms 3¢
activated by an encrgy souree, g5 by the explosion of gasolne vapor 1 S
combustion chambers, will the machme 20 anywhere 3t 15 important ©
note that al the energy source does hete 18 16 actisate the mechanisms, tel
together with the dnyer, 1mpart the speaifie propestics of the metion, anclu
ng ats diectiony {or musduwection)  Woodworth cquated smotwvation (o
dme) to the energy which makes the machine go But st 35 20 m“ﬁ;
ulhtch activates only, it daes not steer or lead the machme to any specs
place

This conceptaon of motnation 1 well represented 1n the formulations of
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Hull (52) and of his associates and followers, Dollard and Miller (22),
Brown (15), Farber (25), Irwin (54), Hall and Lindzey (41) Hull {52}
concerved motrvation as a factor essential to the appearance of behavior and
as a factor involved in the vigor with which 1t occurs He suggested that the
role of motivation 1s to energize or to sensitize the neural structures which
underhe habits or which underhie mnate behavior patterns, specifically he
argued that the strength of motnation 15 to be multiphed by the strength of
the learned or unlearned connection, and the resultant value will, other
things bemg equal, mdicate the potentiality and strength of the behavior It
18 noteworthy that motnation here does not steer or direct, 1t only actnates
or sensitizes the learned or mnate structures which give direction Any dine,
like hunger, thrst, or fear, present 1 the orgamsm would energize any or all
habit structures, and which one would superene would be the result of its
habat strength as multiphed by the dme With each duve, of course there
would be also a distinctive stumulus pattern, say stomach pangs for hunger
or a dry mouth and throat for thist These stimulus patterns have directive
properties, but these are due to their roles as stmuli i habits, not to their
energtzing functions To repeat, in Hull s system dmve simply energizes it
never as such steers or directs, and 1t can be viewed as one of a number of
coordinately pnmary concepts

‘The comment has already been made that motnation concepts here senve
as a basis for 1eward, 1 €, as a central feature of the learning theory which 15
the best developed aspect of Hull s system Hull adopted a modified version
of Thorndike s law of effect (105), Hull suggested that if a response occurs
n approaimate temporal contigmty to a stimulus and in the presence of
the reduction 1n a need or dmve, there would be an mcrement to the
tendency for that response to occur in the presence of that stimulus, 1€,
habut strength 15 inereased

In this system, then, motivation plays a central role m arousing habuts to
action and 1n the acqusition of habits, but the habits themselves, not the
dmves or mots es, channel the behavior i this direction or that

N N -
other duves may ause through leaming, and peshaps the major part of
human motivation, from this view, would be composed of such learned or
acquyed dnves The most thoroughly studied of these acquired dnives 15 ana
tety or fear (81) but numerous others have been mentioned (22,82,52) It
was also recognized that objects can acquure reward and mcentnve valuc,
leading to the notwon of dary reward or reinf {82) Because
50 much of human motnation 15 presumably leamned, ths theory provides
well for the bewildermg complenty of indiidual motivational factors
while exeryone may m leaming obey the law of effect, what 15 learncd by the
law of effect will depend on the mdvidual’s particular situation and the




534 CHARLES \ COFER AND WARREN R JOINSON

reactions he males there His personality will consust of his acquired motnes
and other habitual charactenstics Jearned under the law of effect

Without gomg further into the compleuties of acquired drme and second-
any 1emforcement theory or mto certam difficultics that can be raised con
cerming them we may return to the questions with which we mtroduced ths
chapter While the Hullian view could postulate drves for exercuse and sport
and while 1t has suggested that there 1 an actnty dmve (52) and evenan
cxploratory dme (80) 1t has been prone to look to leamed dmes or fo
leamed rewards to account for such phenomena as participation 1 exercse
and sport Mam children, for cxample, learn m our culture to value and to
be motnated to engage 1n these actrities Others may be lured by the hih
secondan rewards which our suecessful athletes often attain Yet others
mas find i sports and exercise a way of allaying other learned dnves, lke
anvety (see 15 for an anahsis of the dme” for moncy in these temms)
And, withal, it must be recalled that even without dmes toward or rewards
from these activities if the habuts that are imolved 1n them are strong
cnough they sensitized by any actine dve, will cause the person to act ac
cordingly

Obviously, then, the view of motnation n exercise or sports that demes
from this second class of theor 15.1f anvthing more complex than that which
went before No smple explanation 15 possible for these phenomena 13
terms of either class of theons both because therr small numbers of basic
dnives become inordinately compounded through fustons and through Jearn-
g, and because the same or simalar behavior in different indn iduals may be
motivated by similar or by entirels dificrent factors

Thetwo remaning classes of motn ational theores are quite different from
those just discussed thes are relatnels recent 1n ongn, they assume multiple
motnes they reject tension reduction as the sole motivational pnneiple
and they perhaps make motivation less a fundamental construct than eved
the sccond class of theory already described Nether viewpomt 15 as well
worked out (especralh 1 terms of the overall personality) as the other two
classes or as defimite or comprehensie 1n its scope ‘They are mcluded m this
Space, 1 order to represent the full range of current thinking about motn2

tion and because the motnational pendulum scems now to swing m ther
direction

T Extprasis on Curiosimy, ST wLATION, AND \MANTPULATION

Hebb (45), Montgomen (84), and Harlow (43) are i eshgators whose
work forms Tess a coherent viewpoint than it represents a concerted attack
on two propositions which haye fundamental smportance to the two classes
of theory previously outhned the notion of tension or dme reduction as the
remforcing or resarding condition for learming and the assumption that the
homeostatic dnves, like hunger or thirst, are switable models for the et
range of motnational factors Studies by his associates (10) which bae
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placed human subjects mn conditions of severe sensory deprivation have led
Hebb (45) to argue that there 15 3 necessity for external stimulation, with
out 1t the subjects experience acute discomfort and show mtellectual and
emotional disturbance Such evidence argues agamst a tension reduction
theory, because the subjects were not comfortable in or tolerant of for very
long a condition of mimmal stmulation Hebb (45) has also argued that
cunosity and a general need for wtellectual actwty, for example, must be
postulated m order to account for human interests 1 puzzles games, and
sumilar pursuits (for example, chess) Using rats, Montgomery (83 84) has
PP d rated an expl y done which 15 mdependent of gen
eral actvity and which seems to lead the organism to esplore novel or un
usual situations For example, hus rats came to prefer a pathway 1n a maze
which led to a further maze of complex pattern over a pathway which led to
a smple box Smce other rewards presumably did not operate, Montgomery
suggested that the complex maze gratified exploratory tendences, but this
presumably mnvolved more total shmulation than did the simple, empty
mnampulate simple puzzles
ulations, even when there
e He believes that the puz
Zle arouses or ehcits a mampulation motive and that the acts of working
with the puzzle carry therr own reward Related to the work of these
waters, Tinbergen (109) has stressed the role of external factors 1n releasing
mstinctive behavior patterns, and Nissen (89) has suggested that every sep
arate activity must have its own motvation
It 15 far too early to evaluate this work w terms of 1ts overall cffect on
the theory of motvation, but 1n connection with the questions raised early
this chapter 1t would seem that this group might accept the proposition that
exercise and sport may well have their own motwves or reflect the general
needs for activaty, exploration, or strmulation
While not durectly related to or an outgrowth of the foregoing considera
tons, Young (128) and McClelland (72} have developed hedomic theones
of motivation which could perhaps mtegrate the findings of the mnvestigators
mto exploration, mampulation, and stimulation McClelland has suggested

1

bon Jevel If the aﬂncxp:ted affectine change 1s pleasant, he wall be mott
vated, figuratn ely, to approach such objects or persons, but if the anticipa
tion 15 unpleasant, he will avoid them In this theory, all motnation s
learned and the problems of dmse reduction, secondary motnation, and re
ward are avoided Much remams to be done, however, to make the theory
testable and to determme through mgorous formulation whether 1t can
actually deal with the facts However, if exercise and sport are assoctated
with pleasant affect, on this view we should expect people to show motiation
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toward them On the other hand, one’s expencnce with these actvities could
also lead to avoidance motwation No generalrzation about motisation for
exercise and sports can perhaps be made since the goal values of such expen
ences would be heavily dependent upon individual affective expenence with
them as well as upon the present adaptation Ievel

Tue EMPitasis oN SELF ACTUALIZATION

The Iast fifteen years or so have scen, both n psychoanalytic theory and
clsewhere, developments which have essentially denied cettan of the funda
mental proposttions of the first two classes of theones outhned above In
psychoanalysis, these devel have d 1n part m less stress on
bralogical and more stress on soctal determunants of motiatonal and per
sonality patterns (104) Wniters showing this trend include Kardines (63),
Fromm (34) Sullivan (103), Homey (50} (Sce 104 85,86,13,41 ) Certan
of these witers have gone beyond this concern, however, and have embraced
a noton which we shall here categonze as self actualization (345078) &
concept hke self actualization 15 also promunent m certamn recent and non
psychoanalytic wnters, such as Aliport (3), Rogers (96), Snygg and Combs
(100}, Goldstein (37), Angyal (5), Ricsman (95), and Maslow (77) Funda
mentally, what 1s mvolved 15 the assertion that man must be free to express
humself, his potentialiies The factor seen to oppose this 15 anxiety and vn
satisfied needs which make the indnidual conform to his social and cul
tural milien Only by rejecting needless confornmty and expressing humself
can one, according to this posttion, attain a positive ps)chologxc;d health
and grow further 1 the reahzation of his capacities

While there are many vagtations among these several waters in the formu
Tations they present, we shall take as representative the position of Mastow
(77) His statement 1s perhaps conceptually the fullest and most compré:
henswve account of such a position and he makes explicit many of its assump-
tions

Maslow suggests that there 1s a hierarchy of human motes or needs, with
psychological health and full satisfaction 1n hfe possible only when one$
chief motvation 15 at the top of the herarchy The lowest order of these
basic needs 15 the physiological—hunger, thirst, ete Next arc safety neods,
to be safe from threat and to be secure Further, there are the love and be-
longingness needs, those which require genwne affection and a place m oncs

ail these neec

status and to

Tigher needs, P R

wise holds that there are appropuate or required ways of satisfyng these
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needs, 50 that just any learned reward will not do At a stroke, therefore, he
1 tes the 'pts of acquired motnes and secondary reward as not
pertment to fundamental motnational dispositions

The notion, further, 1s that for higher needs to appear and to be expressed,
there must be some measure of satisfaction at the lower levels Thus a man
sorely pressed by the physiol 1 needs 1s d d by them and 1s nat
free to seel. affection, esteem, or self actualization Ideally, mn the course of
development, these lower needs would m large measure be granfied so that
one would be unmotivated by them in any sense of dommwation and be free
to pursue hus own growth m the interests of self actualization Maslow seems
to 1mply that most of the motnes postulated heretofore by other theonsts
are not “good ' motises and that health 1s a relative freedom of them, once
they have recen ed some degree of satisfaction In a sense, they ate necessary
evils on the road to self actualization

The sclf actualized man, then, would be motwated, 1f we may use that
term, by personal goals ansing from his own growth, and would pursue them
without anxiety and without the necessity to conform, except superficially,
to society’s conventions and restraints

Maslow has applied this linte of thought to exercise and sports For exam
ple, hie has stated “All we have to do to open up this new area for research
35 to admut the possibihity that play may be useless and unmotuated, a phe-
nomenon of being rather than of striving, end rather than means” (75,302)
But he has also argued that 1n this culture there 15 a tendency to force pur
posefulness upon behavior, as mn the case of reereational sports  An excel
lent 1llustration of the way m which our culture 1s unable to take 1ts end ex
penences straight may be seen 1 fishing, huntmg, golfing, etc Generally
these activitres are extolled because they get people nto the open, close to
nature, out nto the sunshine, or mto beautiful surroundings In essence,
these are ways m which what should be unmotivated end activihies and end
expenences are thrown nto a purposeful, achiesing, pragmatic framework
i order to appease the Western conscience ” ( 75,299-300)

The wnters of whom Maslow 1s representatie would pICs.u.mab]y accept

ably has e no necessaty dm ¢ m those directions Howes er, Maslow would un
doubtedly interpret most participation 1 sports and exercise as due to
lower motuves, defenses, and the Tike, for in hus studics he has found rela
twvely few self actualizing people and he has been unable to locate any
young people who could be classed as such (“I had to conclude that sclf
actuahization of the sort I had found m my older subjects was nat possible
1n our seciety for young, developing people,” (75,200) One might obs?‘ne
n this regard that Maslow’s self actualizing adults may be sard to have “ar
med” m Dife as far as achievement of culturally esteemed goals 15 con
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cerned, whereas with young people there 1s necessanly much stiving Except
for youth s supremacy 1n sports and in physical prowess and beauty, achine
ment of this society s major tewards lies ycars, usually decades, of ngorous
effort ahead

When the self actuahzing man does exererse and partictpate in sports, he

narcissism

MEASURLMENT OF PERSONALITY AND
MOTIVATIONAL VARIABLES

A great vaniety of techmques and procedurcs has been developed over the
past 4o years for the assessment of personahity and motnational characters
ties Before attempting a bnef doscnption of some of the major classes of
such mstruments, we shall be concerned with two fundamental problems

Let us suppose that we wished to measure a man’s weight The first meas
urement yiclded by our scales 1s 150 pounds, a fow munutes later we get 158
and a Iittle later, 162 Trying a fourth time we get 145 Smnce all of the meas
urements hav¢ been made within a few minutes, and the man’s true weight
cannot have shufted as much as 17 pounds over this time intenal, w€ would
agree that there 15 something unsatisfactory n the measurcment process #¢
call it unreliable The difficulty may lic 1 the scale itself, 1n the way it
read, mn the posture or stance of the subject, or m any combination of ﬂ:fif

© v e e -

rehability -
A simular problem anses when the measurement mstrument 15 based on 2
judge’s obsenvation of somcone s behavior Will the judge rate the same w
oo obsenation? And
other m the jud8

1dge agrees c]uscl)"

with Tumself and/or with others can we conclude that the obscn-’llmni‘
judgment has satisfactory rehabihty Psychological measurements sxmpi;
hase 10 value unless they guve stable or consistent results when conditio®



PERSONALITY DYNAMICS IN RELATION TO EXERCISE AND SPORTS 539

are such as to idicate no reason for change On the other hand they should
not yield consistent results when the charactenstic measured has changed,
any mote than a scale shonld repott a constant value when a subject has been
fasting for several days

This brungs us to the second basic problem, that of the salidity of measure
ments A measure can be highly reliable but even so, 1t 1s not necessanly
sald Suppose we hypothesize that academic success m college 15 as
sociated with the cephalic mdex, which can be measured rehably To de
termine 1ts association with college success, however, requires a companson
of some measure of success with the cephalic ndices for a group of stu
dents, the two measures may be totally unrelated In such a case the cephalic
sndex would be mvalid as a predictor of college success, or of the aptitude for
college work, though st 15 highly reliable and may be a valid indication of
other charactenstics Alternatiely a test of scholashic aptitude will ordinanly
show some relationship to college academic success, so that 1t has some de
gree of validity, at least as a predictor of academic success There may be
other situations, hike the prediction of success mn graduate school, or of per
formance 1n sports, howcver, for which the same test has hittle or no vahidity

As with reliability, there are ses eral methods for assessing vahdity, which 1s
10 say that there are several types of validity We cannot go nto these types
here but references like Thorndike (106) or Cronbach {19) discuss these
matters fully The essential point 15 that to use a test or sumilar procedure
meanngfully we must know that 1t 1s a vahd (and a rehable) measure of the
charactenstic 1 which we are interested for the population and under the
circumstances wlich we are studving Eatensne data concerming these facts
as well as others concerning a wide vanety of specific procedures may be
found i the Mental Measurements Yearbooks, edited by Buros (17}
Ferguson (28) outlines the general prneiples of p Lty
and analyzes representatn es of scveral types

As mdicated 1n the mtroductory paragraphs of this chapter, the chief 1e
search mterests to date which have related personality and motnation to
problems of exercise and sport hay e been these

charactenstics which seem to distinguish different sports and other ac
traty groups,

charactenstics which differentiate outstanding performers from others,
and

the effect of participation 1n or witnessing sports events on personahty
and motivational properties of participants or spectators

M

v

The first two problems mply a scarch for relatnely stable charactenstics
which will differentiate actnaty groups and outstanding performers from
others, the third problem implies measures sensitne and responsive to
current expenence Whle 1t 15 possible that evidence concerning all three
problems may be obtained from the same mstrument, it seems more Iikely
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that a procedure suitable for one problem will not scrve as well for the other
This pomt should be hept m mind, as we review classes of tests and other
procedures *

Procepures CONSISTING OF QUESTIONS TO BE ANSWERED
BY THC RESPONDENT

This group wcludes a number of well known measures, as well as less
well known procedures Within the class we can distinguish several hinds of
procedures on the basis of the dominant kind of question included, although
there 15 oy erlapping among the categones

1 Buograplucal Information Blanks These consst of relatnely specfic
questions concerning an mdividual’s past history A speatfic predictive tash
wsually determines the selection of stems for such lanks, and the worth
of each item 1s usually assessed relative to its value i predicting the desired
performance or other enterion Typically, then, a specific blank must be de
veloped for cach prediction or differentiation job, and the worth of eath
stem must almost always depend on the particular prediction bemng at
tempted While a given blank thus has hitle generalty, the method has been
rather successful in forecasting such dnerse entena as employec turmover rnte
and amount of ife insurance sold by salesmen It may be possible to examune
the successful 1tems and infer the hinds of personalities which succeed ot fal
1n the cnterion tash, although the items used may not, m the first mstancs,
hang together as a measurc of any particular personality trait of motne
pattern

2 Symptom Questronnawres A second kind of question content <@
phasizes symptoms, which the 1esponde
and with what frequencv For example,
of fatigue, unpleasant feelings, mghtmar A - o
and wcll being Such questions usually are found adustment scales, ™
ventones, or questionnaires, ke the Bell Adyustment T entory, the M
sota Multiphasic Personahty Imentory, and the Personal Tmentory 47
over all adjustment score 15 sometnmes obtained, or 1n some nstances sootes
may be provided reflecting different components and types of adyustmen®
These procedures perhaps have therr greatest usefulness as screening d“‘m‘s’
rather than as diagnostic mstruments, and their vahdity has been sertousy
questioned by Ellis {24) i

3 Questions about Typical Conduct A third kind of question often ¢!
cates conduct 1n a situahion, and the subject 1s asked to answer concermig
what conduct apphes to him and with what frequency For cxample, thesy e
1ect may be asked whether at a social affair he typically attempts to mect !

» wecusses tem n some detail (27, chaps 2, 3, 4 %)
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guest of honor Or the subject may be ashed directly if he 1s shy or has diff
culty i making fniends, such questions umply 2 broader, charactenstic be
havior pattern, feeling, or response than 1s usually seen 1n questions of the
first and second classes, above A single trait, as in the Ascendance Subms
sion Reaction Study (Allport s), the Thurstones’ Personality Schedule, or the
Terman Miles Masculimity Femminity Test (which mvolves other items than
simple questions), or several traits, as in the Bernrenter Personahty Inven
tory, the Guilford Personality Inventones, and the Allport Vernon Study of
Values, may be “measured’ by the test i question The Study of Values
tends to get closer to attitude opinton interest tests, as 1t requires the subject
to agree or disagree with certan value statements i Part I and m
Part II to rank alternatives which presumably relate to different kinds of
values

Most of the procedures representative of the categones outlined above
have satisfactory rehabihty Vahdity has not always been demonstrated
(24), and 1t 15 often ponted out that a subject can fake his answers to create
any mmpression he wishes This factor can be controlled to some extent by
requinng the subject to choose between two equally unattractve or equally
desirable alternatnves, only one of which has disenminating value relative to
the entenon (28,316-321)

It seems likely that use of procedures like those outlined above might have
value m deseniptive charactenzations of groups participant and nonpartict
Ppant in exercise and sport p ful and ful 1n such ac
tivities, and so on However, judgments concerning the general adjustment
or personality make up of such indviduals on the basts of these procedures
should probably not be made and are probably unwasranted Even a hughly
vahd test of adjustment or of a personality trait could only be meanmgfully
mterpreted 1n adjustment or trait terms for subjects who are closely com
parable to the normative group on which the test was standardized

Tre Use or Ratmnes

The questionnaire procedures outlned in the preceding section usually
provide scores denved by counting responses, such scores may be converted
to percentiles or to standard scores We shall now turn to the use of ratings,
which involve scores armved at m quite a different way Charactenstically,
rahings involve the use of a judge or judges who are ashed to observe an
dividual n some situation and then to mdicate on a rating scale the amount
of one or more traits which he judges that the subjcct has shown Thus one
can obsene another person 1n an intcrview o1 10 a group situation or 1n some

performance and rate lum on a number of charactenstics, the rating could be
) ’ + o+ v1 ' not appear, or it

zquired 1n some of

s v praiveuy puasiviv sus v -
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the scales previously descnibed) or for ratings to be made of mdivduals
from memory or from a total impression And ratings can be used in many
other sttuations as m the evaluation of work products, personal docu
ments and so on However the prnciples of and methods for making
ratings arc essentially the same a2 wide vanety of eucumstances (28)
Charactensticall two types of situations are commonly mvohed wm per
sonhty assessment through ratings, as buefly described below

1 The Interview Interviewing procedures are pethaps the most widelv
used means for gathenng data about indniduals and for ascertamning atin
butes of personality (11 12) In personality measutement, interviews com
monly provide impressions of personal traits (like friendhiness, courtesy, €tc)
and inferences concerming underdying motrves or disposttrons thought to be
more fundamental and sigmficant than the superficial trarts (Intercss
ate also sources of mformation concerning the mdmdual s hustory, prefer
cnces nterests and so on ) The judgment of underlymg motnes howeser
15 often thought to require a number of interviews

In general evidence has nd entad
¢

1
! + v e person will nomﬁ]ly fu;wnon, and the
terviewer s own charactenstics and brases will often color significantly the
1esults obtamned

Data which are reliable and often vahd can be obtained when the mter
view 15 carcfully and systematically set up and when careful attention 35 der
voted to the judgments to be made and to how they are to be made A
planncd or structured mnteniew 1s often required to mnsure that the same
questions will be ashed of all interstewces and a hist of traits or items to b
observed and a record blank on which the trats are to be checked or rated
must often be provided to get satisfactory mformation It 15 ymposstble {0
generahze about the validity of personality ratngs made from the ntet
view, but 1t 15 often worth usimg when ather less expensine, and more 0
jective procedures cannot be used

2 Performance and Other Situations Ratmngs can lkewise be used,
suggested m several places above, to systematize obsenations made of b’f
havior i vanous situations, natural or otherwise Playground behaviot @

chitdren for example, could he a rrad
ratad

as usws vj
e
¢

- . T3 Yo absened

) 13
or contrved circumstances have a certain plausibility as vald estumates ¥
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personahity traits, this pl y 15 not ly d g For exam

ple, the OSS procedures had relatnely hitle valdity (90,28,64,101) In the
field of personality measurement one can tahe nothing for granted

Rating procedures can be modified 1n vanous ways Forced choice tech

miques (28) may make them less hable to bias Peer or buddy ratings can
also be valuable, and one can often secure valuable information by ashing
the members of a group to nommate persons from the group whom they
would rank huigh or low on performance, knowledge, or traits (28) In an
effort to dscover the actual bases for such judgments one can further ask for
cntical behavioral ineidents (29) which the judge has used 1n deciding that,
say, person A 15 a good leader whereas person C has hitle leadershup abihity

Unstrucrurep (Projective) ProCEDUREs

Questionnaires and ratings are commonly employed to sccure data on
traits of personality, although m many mstances inferences are also made
concerning underlying motwve states The present group 15 used for estimat
g trait vanables as well, but 1t 35 also commonly beheved to provide valua
ble indices of underlying moties These unstructured or projectne proce
dures have had a rapid grow th of acceptance and use i the last twenty years,
especially 1n climieal psychology, their early use was pumanly in the desenp
tion of psychopathology

Underlying all such procedures 1s the assumption that if a person responds
to shimuli to which a response s not obvious or to which there are no nght or
wrong responses hus responses will be deternined largely by his own personal
perception of the sttuation and the stunult Ths personal perception may be
a product of his moties or needs For example, suppose we show a person
a picture of two people 1 interaction, but a prcture m which the nature of
the mteraction, the relationship between the people, the nature of their
thoughts and feelngs, the purposcs of their interaction, the hustory of their

are imposed or prtn;ccted by the p;rson on the prctures, inferences are then
made concerning his charactenstics and motives

Almost any unstructured situation could concenably be used in this way,
and a wide vanety of situations has been used Some of the more common
oncs are as follows

1 Ink blots, as 1 the Rorschach Test {7,65.93)

= Pictures, as n the Thematic Apperception Test (110,72}

31 plete S asm the Compl Test (48)

4 Dm\ungs, as n drawngs of the human figure (75) orm the House Tree
Petson Test (16)
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Descnptions of a wide vanety of procedures may be found 1 Allen (1),
Anderson and Andesson (5), Bell {9), the Mental Measurements Year
bools {17} A cautious approach to the use and mterpretabion of such tests,
especally the Rorschach, 1 presented by Sarason (98) (Seealso 71and 74)
Current research on these, as well as the other procedures discussed abave, s
summarnized vearly in the senes, Annual Review of Psychology (26)

Theze 15 yet a good deal of contsorersy concerning the relabshity and vahd
ity of projectsve procedures Farber (25) has questioned the use of some of
them a5 measures of mobnes, suggesting that they may tap habuls mstesd
Certam praceduses are clearly suscephble to situahional factors (98,71), and
NMeClelland {72) has used thus propesty 1n producing expenmentally vanz
tions 1 scores demved for needs from the TAT Senous questions have
been advanced in many other publcatiwns  those by Windle (115), Holtz
man and Sells {49, Kurtz (69) are perhaps mdicatn e, if not representatné

It 1s the best guess of the wuters that consenatism s the best attitude
with which to approach this kind of measurement Certamnly, there seems to
be no basis for the yeady and uncntical vse of projective procedures i just
any sttuation ot problem as relable and valid measures of motive states o7
personahty charactenstics

Thus review of techmiques for assessing persopality and motnabon has
tevealed a vanety of proceduses but it has also suggested senous questions
concermng the ready applicability of any technique to 3 grven prablem 1
the area of exercise and sport Futher, it has ndicated that assessment 1
thus area imvolues fughly technical problems Perhaps the wisest conclusion
would be that research duected to explore refationshaps between personalty
and motivation, on the one hand, and exercise and spost, on the other, must
be tuly multdisesphinary and collaboraty

ve

PERSOMALITY STUDILS RELATED
TO LXERCISE AND SPORTS

Instruments and techmgues which hase becn deseloped by climieal pet
sonnel and students of pessonality have becn used by a few physical edu
cators and psychologists tn an effort to determune {3) whether there
are measurable differences in personahty among yanaous fypes of athletes of
physical actnaty groups, {2} whether cutstanding performers 13 sports hae
certain ble and distinguish g p Lty traits, and (3} whethet
paricapation m or obseration of play or sports (“sports spectating”) 5465
nse to changes m personality dynamics Although in some mnstances they 26
merely pilof studies m unexplored areas, the major 1mestigations of thest
bands which have come to the preseat authors’ attention are surveyed i the
following discussion Moreaser, 2 motnational basss for evaluating the
meanng and psychological function of play and sports at diffesent 3¢ Inéls
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15 suggested And finally, hypnosis 15 commented upon bnefly in relation to
the general field of exercise and sports

PERsONALITY TRaITs OF VARIOUS ATHLETES AND ACTIVITY GROUPS

It 15 commonly supposed that as groups, certain types of athletes have
some identifying bek 1 ch ishies For ple, weight hifters,
fencers, tenms and golf players, and boxers are often singled out as bewmg
“types ” Indiiduals associated with sports also commonly mamtam that
there 15 a “type”’ whach 15 attracted by and another that 1s repelled by con
tact sports, another which s attracted by individual rather than team sports,
another which avoids competition, and so on

Several studies hase been undertaken i an effort to test impressions of
these hinds Among the eathest of these was that of Henrv (47) 1 which
college students prepanng to teach physical education track squad members,
students enrolled 1n weight Iifting, and student pilots were studied Exam
ples of hus findings are that the track men and av1ators had nearly identical
scores, that these two groups were sigmficantly more neurasthenic than the
physical education students, and that they were less introverted and hypo-
chondnacal than the weight hifters More or less sumilar insestigations insolv
g vanous types of athletes and several different tests have also been con
ducted, and some differences i personality vanables have been reported
i all such studies Several of these representing different methods of ap
proach are described biefly in the follow ing paragraphs

Although Husman’s study (53) of the aggression of athletes by projective
techniques was concerned pnmanly with the effects of competition, he
found that his samples of ‘boxers, wrestlers, cross-country runners and non
athletes had a number of dishnguishing charactenstics as far as aggressine
tendencies were concemned Examples of his statistically sigmficant findings
are the cross-country runners tended to be more extrapunitnie (1 e, expres
suve of aggression outwardly) than the bosers, and the boxers who were one
of the top college teams m the country, possessed less over all itensity of ag
gression than any of the other three groups, and had more superego (Ro-
senzwerg) than the controls Further reference 15 made to this study n the
discussion of effects of sports competition

Gold compared the p ity ct

£

1stics of p 1 and collcge

EndAkcmpemmc:tal rl;laie up than either the professional or college teams
players (trast Af), although generally speabng, all the groups were quite
stmlar 1 most p Nty traits d, the prof 1 golf group was
more socially extrovertse (trait S) than the sarsity golf group, the college
tenmis players were less “nenous” (trawt N) than the professional tennis
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plavers the varsity golf group was less extrosestive 1 sts thinking than the
professional temnis group, and indications were that all four groups sanhed
Iigh m trats which are believed to be associated with good mental health
The s estigator emphastzed the severe limutations mmposed on hus study by
the refatss ely small numbers of subjects used

Recenth using the Minnesota hultiphasie Personabty Imentory m a
study of 141 athletes and 145 nonathietes of a single college Booth {14}
found some statistically significant differences P dity to cust between
athletes and nonathlctes and betwcen parhoipants m mdnidual sports m
team spatts and m team indnadual sports Differences found claded anw
eh (Vanable 1c the varsity athletes scared significantly lower than the
freshman athletes freshman nonathletes and upper class nonathletes}
domnance (Do sanable 1¢ the varsits athletes and the upper class non
athletes scored signsficanth Ingher than the freshman athictes and non
athletes) and depression (I3 sanable e the varsity athletes who par
ticipated m mdnidual sports but not 1w team sparts scored sigmficantly
hugher than the athletes who patticipated in only team sports) The MMPI
was judged by the mvestigator to be a satisfactors mstrument for research of
this type and it wilt undaubtedly be used m further analvsis of this general
problem Further reference 1 made to ths study :n the discusston of mests
gation of supenor athlctes

Perhaps more than anv other gronp weight hfters have been studied man
cffort to anahze ther personality traits and m one study the researcher was
also eoncemned with the question of why Has activity has become so sttsae
tve to greatly 1ncreased numbers of Amencan men * These mvestigations
are generalls 10 agreement that body buillding (1¢ when done as an end 1
itself rather than as prepanation for a spost or other actn ity) represents 2
compensation for feclings of wnfenonty and on the basis of psychoanaljtic
and anthrapological data Hlarlow has suggested that such fechags are wide-
sprcad among modern Amencan men becans~ of the relatnely small role
that fathers play m the reanng and cducation of their sons—with all that
this mmphes m selation to madequate masculme dentsfication and othes
possible sources of conflict {49}

Although thereisa growing sescarch htetatuse deahing wath the pessonality
trats of vanaus tspes of athletes stucics have not been done which yustfs
generahzation as to speaific sdenify g charactensties of groups

Tn the foregoung studies of actraty groups such feshing mstruments 4
questionnates: Smuth s Human Behasior Imentory the Guilford Introver
sion I'stroversion Scale the Allport Ascendance Submussion Reactson Scaler
the Thurstone Neurotie Im entory the Guilford Martsn Insentories and the
Minnesota \Multiphasic Personahty Inventory have heen wed In some
<ases parts of sereral different pessonahty tests have been organszed 1nto 2

*The ttle of th s study 15 suggestne of 1ts conclus ons  \Maseul ne Inadequacy and
Compeasatony Dexclopment of Physque {44)
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sigle instrument Some projective tests have been utilized, wcluding the
Rosenzwerg Prcture Frustration Test, the Thematic Apperception Test, and
some sentence completion items

No longitudinal studies seem to have been undertaken 1 an effort to de
termine whether certain types of personalittes merely gravitate mto certamn
types of actwvities and/or whether participation 1n a sport 1s 1n part responst
ble for personality trasts found

PersoNaLITy TRAITs OF OUTSTANDING PERFORMERS AND CHAMPIONS

Champion athletes are sometimes called ‘a special breed” for reasons
other than exceptional physical attnbutes A few mvestigations have been
made m an effort to evaluate the personalities of champion athletes One
such study, rep ing a physical ed —psy chologist collaboration, mn
volved both the Rorschach and the House Tree Person projectnie tests and,
as subjects, twelve assorted contact and noncontact sposts athletes of All
Amencan or national champion caliber (60) According to both tests the

hamp P d several dist hing ch astics which included
catreme aggressiveness, a freedom from great emotional mhibition (which
was terpreted to mean that they were able to express powerful emotions
such as aggression relatnvely freely), high and generalized amuety, high
level of 1ntellectual aspiration, and feelings of esceptional self assurance
Ob ly this pling of champion athletes did not justify generalization
of the findings

In another study a companson was made between major league and
nunor league baseball players by means of the MMPI (69) Agam, the ex
ceptional performers were teported to have dishnguishung traits including
strong “dnive” (expressed as ambitiousness and aggressiseness), self discr
pline, mitiative, and “a tendency to worry ”

A third mvestigation also emplojed the MMP! to study athlete and
nonathlete groups and to contrast good and poor competators (14) Twenty
two items of the MMPI were found to discrimnate between the good and
poor players of the college where the study was conducted and good and
poor track men at a larger unnersity The ability of these 22 items to dis-
enminate between good and poor performance should be further studied,
taling into account discmunation between other performance Jevels and
Ppossibilities for predicting future performance

The evidence to date suggests that exccptional performers m sports—like
exceptional performers m science, combat fiying, and business—have cer
tam ble and dist Y} ct istics However, there is no ev1
dence to indicate the extent to winch these charactenstics are “natne to”
the ndiidual and/or are the result of participation mn sports. It would ap-
pear likely that estimg or new instruments may be used to discnmunate
different levcls of performance and eventually perhaps to predict champion
levels of performance i so far as personality traits comcide wath the neces
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sary physical trasts At present the differences an deseniptive language of the
vazous p ity tests and the m Jevels of mental funchionng
with which they deal make accuzate identificabion of traits and wmlerest
compansons very uncertam

Eerects or Sporrs Comrerimon UroN PessoNavity Dynasics

Several precontest emotion studses have been suggestine of rather severe
psychological upset {56 55 211}, but only physiological indicators of emo-
t10n were used and thus no evidence was demed as to the effect of sports
campetstion upon personality dynamucs

A few studics have been conducted 1n an cffort to determine the immed:
ate effects and/or the eficcts of 2 season of sposts competition upon per
sonality dynasmcs In what appears to have been the first of these, Stone
admimsiered projectne tests o college varsity football players before and
aftcr a practice scnmmage and after the football season (102) Stone was
:nterested 1 abtammg evidence relatie to erther the circular or aggression
reduction theones of oert aggression, and indeed seemed to find support for
hoth theoues That 1s, after the practice contest there was no evidence of
reduction of aggression, although there was such a reduchion after the s
son However, there may have been a somewhat nawve assumption that foot
ball senmmage 15 necessanly a cleaccut case of aggressne behavio; for &
pending upon cicnmstances—desire to make the teary, falure to be noticed
by coaches when good manemers are made, roughing by opponents, €
tended practice and/or other pustive action by the coach—a prachice 58
sion can be highly frustrating 2nd waght at times be expected to hexghten
rather than reduce aggressiv e tendencies

A projectine test of so-called  total personality” { House Tree Pesson) %36
wsed 1 a physical educator psychologist collaborative study of esght college
vatsity wrestlers {59) This study was undentaken m an effost to exploge some
rather fundamental questions related to the “catharhic” theory of sports and
other notions of displacement  and gult reaction, and the impact of anbet
patory stress upon personality f\mc!wnmg

The test nas admuustered before the season at a tume when the athltes
were presumably m a normal and undisturbed state (Test 1), within fre
hours of one of thew scason’s most important matches {Test 11), and the
day after the contest { Test 111}

In Test 11 these was what was mterpreted to show a marked drop 15 52
average functiomng mtelligence of the group, anmety was heightened; an
neurolic signs such as compulsueness were rather proymnent Jadications
were that aggressne tendencies were much more m eudence but moe
strctly controlled, and aggressieness tended to be more iy ardly rathet
than outwardly duected In Test I (postmatch), there was a restoration of
normal functioning intelbg marhed t d were no Jonger
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m evidence, and i most cases aggressive feelings were below Test I levels

In a subsequent study, Husman (53) concerned himself exclusively with
the problem of aggression He admumstered the Rosenzweig PF study,
selected TAT cards and a sentence completion test to four groups college
rarsity wrestlers, bovers, cross country runners (noncombatie controls)
and nonathlete controls His pattern of testing was pre and postseason and
pre and postmportant contest His findings, Iike those of Stone (102),
tended to support both the acular (1e, frustration aggression guilt reac
tion frustration, etc ) and carthartic theones of aggression, and they shed m
teresting light upon the reactions of the four groups miolved 1n the study
For example, as a group the boxers, some of whom were regtonal and/or
national champions, possessed less overall mtensity of aggression, were less
extrapumitive and more intrapunitne than the other subjects, and the
cross-country runners were comparatnely more extrapunitive and less mntra
pumtive and impumtwve The tests employed i the study were by no
means 1n et as to results—which could be explamed on
the basis of the vahdity of the tests or the difference 1n levels of personality
explored

“ . o s
among the wrestlers who lost more than 4 percent of body weight there was a
statistically signuficant reduction 1n “extrapunitine aggression This type of
study should also be done 1n relation to college and AA U level wrestlers
who ly lose derably larger p ges of body weight
preparation for contests

In a pilot study imvolving a reexammation of the Husman study of ag
gression associated with college varsity sports, Paskalides looked for evidence
of change m sexual tension after wrestling and boxing matches (91)
Spontaneous verbalization of sexual matenal was found to be greater in the
athletes than 1n the controls m all tests, and the Jack of consistency 1n the
direction of change lent no support to the popular notion that strenuous
physical activity tends to lower sexual tension—that 1s, at any rate, when
Iughly trained athletes are considered Although this study was dependent
upon fortuitous matenal 1n an mvestigation designed for another purpose,
the approach scemed productive and would appear to desene further use

SPECTATORS AND SPORTS
The House Tree Person test was used to study the effect of a very exciting
T ' o e i

—decrement 1m ;égr&;sx‘e:ﬁs—;;d hostility. Findings 1 this exploratory
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research would scem to indicate the frmitfulness of this type of myestigation
fora more adeq d ding of the g of sp sports

PLAY AND SPORTS IN RCLATION
TO MATURING AND AGING

It 15 well known that different stages of the matunng and aging process
mmpose thew own adjustment nceds and problems, and we would therefore
expect the motvation to play, exercise, and compete 1 sports to differ more
or less at different age levels Morcover, illustrative of the fact that none of
the several theories of motnation deseribed earlier 1 tlus chapter can be
regarded as having umform application throughout life, Peller and other
Freudians have distinguished between the symbolic play which releases
Oedipal tensions of the nfant and the epenmentative and exploratory play
(45) of the somewhat older cluld (92,78) And as presiously mentioned,
Maslow (77) has reported his inabality to locate any self actuahzing young
people, and thus he 15 obliged to resort to deficit motiations such as those of
stnving and tension reduction to account for much if not most of the plaj,
excreise, and sports of youth

In Iight of these considerations, it should be possible to trace a pattem of
change in the psychological sigmficance of play, exercise, and sports as transt
Emn 15 made from childhood to preadol e to p dal e to adult

undergocs change

Whateser else 1t may mvolve carly childhood imolves weakness, depend
ency, learning the ways of a complex and changing socicty, learming to 1¢
stram and control urges and mpulses, and adjusting to an mconsistent and
essentially adult hand of world Dunng tius penod one mught expect play
to be assocrated not only with the theory of motivation proposed by such
people as Hebb (theory number three, emphasizing cunosity, exploration,
manipulation, ete ) but also quite strongly with those theomes stemming
from such people as Freud and Hull (theones one and two, emphasizing

(a1

been a saurce of satisfaction to hun” (67,1)°
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ciety tend to become the focal pomts of youthful aspiration—but therr at
tamment cannot be expected even by the most talented and ambitious for
years, frequently many years, of ngorous trammg and effort Only m such
fields as sports and i actnibes dependent upon physical vigor and beauty
15 youth not ashed to wait and may indeed attain rewards approumating his
essentially adult aspiration levels When adulthood 15 veached and the so
ciety’s major rewards become morc available, striing takes new directions,
and exercise and sports acquire new meamng What professional athlete
would continue the frantic cffort and ngorous discipline of his young adult
years without the now primary reward of money?

On the other hand and agamn, of course, generally speaking, the penod
between the ages of about 9 and 14 (approsimately school grades 4
through 8) 15 a time of relative fulfillment That s, ncreased body size,
strength, and control and heightened abihity to mtellectualize and verbalize
have made the hfe situation far more manageable, and many of the neces
saty comp have been accomplished The ble frustrations of
childhood are dimimished It would seem that the theory of motation pro
posed by Hebb (number three, exploration, cuniosity, mamipulation, etc ) 1s
more appheable at this age level than the more compensatory, or as Maslow
terms them, “deficit ” motvation theones This 15 a time of scouting, explor
ing, and camping and hunger for new skills of all hinds 1s phenomenal As
suming this mterpretation to be m accord with reality, it would seem espe
cually important that parents and leaders of youth of this age be aware of
1ts psychology and aveid 1mposing the defiait motiation typical of later
years upon the behavior of this mtermediate group, as, for example, 1n
sports competitions

It 15 possible that the observations regardmg later childhood and early
adolescence are also applicable to the advanced years of ‘successful” per
sons That 15, 1n their later years (or perhaps more accurately, 1f and when
the soctety’s rewards have to some degree been attained and/or a modified
value system adopted) some persons apparently find play, exercise, and
sports “ends” rather than “mcans,” and engage n them for rcasons pro-
posed 1n the theones of Hebb or Maslow On the other hand, the “unsuc
cessful” adult or any adult who because of pressures and frustrations m Ins

R . o e o
professional boving and ;rofcssnonal wresthng) especially gratifying

Play, exercise, and sports would seem to have different meanings at dif
ferent age levels, and thus when a hife span 1s considered, a single actnity
may also have several different meamngs—each of which secms to be more
or Tess i accord with one of the theortes of motnation described carlier
this chapter Tor example, the ancient sport of wresthing is to the infant a
pnmitive combat, that 15, tusshing 1s resorted to solely as a mcans to an end
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such as recovering a toy or displacing a compehitor for a piece of game equip-
ment Presently, it mav also acqute the qualibies of a delicious play-acting
{or psychodrama) when done with one’s father Somevhat later when
wrestling can be concencd by the chuld as a spost, it 15 a popular but rather
desperate and crade struggle to overpower, that s, the struggle 1 Itkely to
be motinated more by the desire to win than by the fun of st Howeser, o
the pre and carly teenager (about sth to gth gradcs), 1t 3s more Tiely tobe
a whalchearted test of shill m which winning and losing, as such, are zel2
tnehy ummportant It s the downg, the controlled moving, the actmty it
self that counts—that 15 of course if adult pressure for wnning 15 notm
posed But to the young adult, the lugh school or college competttos, fos
example, the ven essence of wresthng is dedicated preparation, gruelng and
meticulous tramnng, and strung for vctory And to those who pattiapate
m 1t for recreational purposes w adulthood, wresthng becomes a tund of
relaned bodly chess game emploving cleser strategems and maneuers but
faching combatn eness, great strenuousness o1 real concem over winmng
We should add that professional wrosthng,” wath its brubishness, ol

acted violence, and great displav of prmitne and mfanhle emotion, 33
distortion created entirely for the gratification of the sudience

IAPLICATIONS FOR THE Pray anp Srorts CURRICULUM

Certamhy, i estigations are needed whach wall help those responsible for
plannmg and dirceting the play, excrcwse, and sposts programs of chuldren,
south and older persons to select pss chologically as wedl as physically appe
puate achvities and present them mn such a way that they are harmon)
with the domunant motnational tendencies of the age lenels under con
sideration Wavs m which play and sports may contnbute to Pg}chologxcal
health 1n the different periods of hfe should also be carefully explored ¢
permentally and clinseally *

HYPNOSIS IN SPORTS

Although hyprosis has ¢ ly been o dered a Jous way of
mmproving phivsical performance and has been utihzed to some extent
conneetion with sposts, perhaps its more mteresting use s as 2 ‘method of ml
1estigating certam aspects of personahity dynammcs and as a rescarch 100!
;)n OghCr types of imvestigations It use m all three regards 1 discussed her

nefly

1t 15 know n that under some conditions hypnobic suggestions 8 bang
about evtraordimary bodily and sensory changes, includng ancslhtsl;l.
altered Xedney function, altered heart rate, cataleptic regidities of bod:)’
pats, and altered visual and auditory perceptions (8,3 130,70,79:88,119 10

® Psychoanalytic study of the play actnitics of aduls, an area of growng iportanct
for out mentat balance today, remams to be done” (94,11}
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121,122) In addition, strength and endurance performance levels have been
ratsed and lowered by hypnotic suggestions

A few recent controlled studies hasing application to the effects of hyp
notie suggestions upon such performance factors as strength and endurance
have been reported In those of Eyscnck (120) and Hammer {42}, improve
ment was found to result from hypnotic suggestions, especially when fatigue
was a factor However, a study by Roush secmed to have more direct apph
cation to exercise and sports (97) Strength and endurance were measured
by means of hand and arnm dynamometers and the hanging by hands test,
and agaim, statstically sigmficant improvements m performance were found
to result when hypnotic suggestions were gren under specified conditions
mcluding a very deep trance and posthypnotic amnesia Importance was
also attached to the fact that suggestions were gen that pam would not be
felt (Secalso 8 )

It has recently been obsersed that physically trained and untramed 1nda
viduals seem to respond quite differently to hypnotic suggestions as far as
strength and endurance are concemed In this prelimnary work, large m
provements 1n strength that have been obsened have mvanably involed un
traned (athlctically speaking) mdividuals, whereas athletes have not 1m
proved markedly m strength 1n tesponse to hypnotic suggestions On the
other hand smpsovement in endurance has consistently involved athletes but
not untrained ndniduals A recent expenment nvolving all out effort of
short duration (¢ 4o seconds) on the bicycle ergometer with athletes used
as subjects revealed no improvement when posthypnotic suggestions for bet
ter performance and lessened fatigue were ginen (61) Properly controlled
comparative studies of physically traned and untramed persons and of the
effects of 1 yp! upon prolonged end performance have yet to be
Teported

The use of hypnosis as an expenmental tool 1s worthy of mention In
many experiments the attitude of the subject toward the experimental van
able may influence his performance For cxample, a2 subject conditioned to
eat or not eat certamn foods prior to exertion may be affected 1if his bias 1s
violated, regardless of the actual phystology mnolved With properly traned
subjects, posthypnotic amnesta seems to be a uscful way of disposing of the
conscious reahzation of whether or not the vanable n question has been
Imohed As an example of this usc of hypnosis, m 2 study of the effects of
“warm up” upon performance the subjects were hypnotized before cach
pesformance test, and before only half the tests and while 1n hypnotic trance
“warm up” exercises were done (62) Posthypnotic amnesia obliterated all
conscious awareness of what took place dunng hypnosis so that when the
subjects took the performance test they had no conscrous knowledge as to
whether or not “sarming up” had been done or, for that matter what the

urpose of the expeniment was
F gn;nos.g }:535 gm used 1n still another way m this general field A group
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of Negro subjects was asked to wnte on the subject of “the Negro in sports
and to comment on why winnng 1n sports 15 important to the Negro These
subjects were then asked to wnite on these same topics by means of “avto-
matic wnting” (1, the subject’s hand 1s wstructed to wnte without the
usual mental direction) while m a profound trance which was followed by
posthypnotic amnesia The conscious and automatic wnting matenals were
quite similar except that, whereas m the conscious wnting sports and win
ning seemed unportant for their value m demonstrating equality of the
Negro, mn the automatic wntmg of the trance state, to some subjects
success 1 sports also seemed important as a means of demonstrating basic
humanness (‘ O, to bea person’) [57]

1t 15 of great importance to emphasize a cautionary note m regard to the
use of hypnosis There are many reasons why hypnosis should be used only
b properly qualified persons who are fully aware of its technical aspects and
several possible dangers
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2 9 EMMA M. LAYMAN

Contributions of Exercise and Sporis to Mental
Health and Social Adjustment

SUMMARY

Long before mental health and adjustment became the household words
they are today, physical educators, coaches, and recreation workers were
thinking of sports and other forms of physical exercise as making important
contrbutions toward creasing human happimess and unproving socual ad

1o phers, b

P 1 00

ustment Some physicrans, psychologists, and P

b
have long supported the contention that physical education and sports i;‘l
£ Ho

today 1t 15 not casy to avord mixing bzlmfuu 1th knowledge, for four redsons
(1) It 1s difficult to evaluate any program w the light of gencral mentdl
hygiene prnciples, because many principles currenily accepted by psycha
trists and psychologists are based on madequately tested hypotheses which
aventually probably will be modified or even discarded {2) The concch®s of
mental health and social adjustment are themselves so complex and 1m ohe
such a vanety of behavior patterns that they cannot be accurately measi'e

or even estunated (3) Since mental hedlth and social adjustment rosult
from the sum total of Lfe experences, they do not readily lend themsehes
to controlled experimental studies, hence, research n this ared often )ICMS
results which are confusing or equivocal (4) The physical educator o coach
Tike anv other berson wha 1¢ ‘old’ nn e frofesson tends to be “ego™

to mental health and adjustment, with the results of modern research obvie

560
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g the necessity of relying on logical thinking, scattered case material and
uncontrolled observations

On the basis of evid now in the following appear to be facts

The principle of nund body umty 1s @ sound one and there 15 a close
relationship between orgamc hedlth and adequate adjustment If 1t can
be demonstrated that exercise and sports contribute positn ely to the at
tainment and mawntenance of organic health it may be concluded that 1t
will dlso help prevent poor mental health However it must be remem

bered that the causes of maladjustment are many and yust as immuni.a
tion agamnst whooping cough will not present a ch Id from becommng 11l
with measles a sound physique will not necessarily guarantee the absence
of unhealthy des and soctally undesirable habits

The acquisition of motor skills has been found to contribute toward meet

mg the basic psychological needs of safety and esteem m young child en
of both sexes and 1 boys and young men from the early grades through
college years Howerver for those with little aptitude for the development
of motor skills experiences with physical education activities or sports may
result in increased feelings of inferonty and nsecunty unless the teacher
or coach wakes adaptations wn the program which will enable even the
most nept to atiamn success and prestige mn the group

Supervised play presents potentialities for promoting mental health and
for helping to prevent delinquency Several studies show that participation
m athletics and extracurncular programs mn school tends to be assocated
with good social adjustment Some studies of jusemle delinquency purport
to shaw that programs of supervised play can reduce the mcdence of de

hinquent behavior However other studies indicate that delmquents sel

dom participate n supervised rccreation programs and w fact do not
want supervision of any kind Viewmg dall of the findings objectnely it 15
apparent that having a supersised recreation program arailable n itslf 1s
not enough to prevent deling ortog tee good adj Also

many deling find therr deling actnaties far more exciting and
wnteresting than anything which 15 offered n the recreation program

Supervised recreation can further better adjustment i children and ado

M

w

5
not only group needs but the umque personalined needs of mdividual
members of the group and small subgroups

+ Evidence from play therapy and group therapy ndicates that when play
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generally lacked a design wiuch would make 1t possible to draw conclu
stans about cause effect relatronshups
Exeraise and sports supply outlets for the expression of emotions, and it
has been claimed by mental hygienssts that the outward expression of
emotion m approved activities tends to provide a release from stram and
to promote mental health In recent years, howerer, psyciuatrsts and
others have pomted out that expression of an impulse such as hostile ag
gression does not necessanly reduce the force of its drive, and may even
generate feelings of guilt as well as increase tension Psychotherapusts have
mdicated that outward expression of emotion 1s needed, but that expres-
sion of negatne feelngs 1s therapeutic only m a context where 1t doesnot
wcrease feehngs of guilt, and when it can lead to self acceptance, sclf
i ding and freer tions The value of exp of posi
tive feelings through games and sports seems clear However, there 18 n0
conclusne evidence that expression of aggresston through spors will
necessanily make for better mental health, and some have questioned the
contention that competitns ¢ athletics provide a release for aggression The
creatnve dance has been found to be ¢ type of activty through which an
tndnvidual may release Ius feehngs acquire some self understanding and
commumecate with others Nevertheless, it should be noted that for the
creatve dance to be of value as a means of expression 1t must be used 11
suck ways that the indwidual can really be spontancous
Under certamn conditions competitne athletics may enhance learmng
social development and the acquisition of deswable personality trais
From the mental health standpomt, sarsity type athletics for boys ap

pear to have no particularly harmful effects at the gh school and college
1

[V

=)

.

derelop feclings of ferionty and mad, » For most nduidudls, comt
petitne athletics tend to favor the de\'elopmcnt of positne personality
traits when the followng conditions are met (a) mterschool or varsity
type competition 15 not a substitute for an mtramural program, (b) 1
drviduals are encouraged to participate 1n activities n which they hare
some chance for success, (c) coop , loyalty, spor hup, and en

joyment of the activity are stressed, rather than the mmportance of Wit
ming, (d} losing a contest 1s not assocrated with blame and rejcction @

(e) competition 15 divorced from commumnity pressure and hystend it
should be noted that most of the mental health benefits of competiti®

relatvely wnformal atmosphere of the physical education class or 1€
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tion group are conducne to the overt mamfestation of personality traits
which are often kept from making an appearance w the more formal and
pp t of the cl Therefore, because the physical
education teacher, coach or recreation director sees personality ‘i ac
tion,” he 15 1 a positron to gamn valuable msight into the vanous mental
health problems of cluldren and youth Consequently, he can offer infor
mation buting Iy to the ‘ diag formuly which
precedes a therapeutic program
Physical education actvities and sports provide a setting which 1s favor
able to the derelopment of discimnating values and socually acceptable
character traits In sports it 1s customary to stress the desrability of sports
manshsp, fair play, honesty, coop tea k, tols and other
socalled character traits, and to encourage thewr development Houwerer,
it has been found that habit paiterns dercloped and expressed mn athletic
actwvities do not automatically transfer to other sttuations In order for
transfer to occur, the student must be helped to generalize about value
concepts and must be motivated to apply them mn dll types of actvity
areas

o

CONCEPTS OF MENTAL HEALTH AND ADJUSTMENT

In order to assess the mental health values of physical education and
Sports 1t 18 necessary to have a clear idea of what mental health 1s and how
the mentally healthy person may be recognized A suney of textbooks on
mental hygiene reveals that most wnters on this subject shy anay from de
finng mental health and prefer to descube the attnbutes of a mentally
healthy person However, both attempts at defimtion and descrptions of
attnbutes carry the implication that mental health 15 related to inner satis
faction and group acceptance In Line with this concept, 1t has been sug
gested that mental health 15 that condition which makes 1t possible for the
individual habitually to meet hfe problems m such ways as to provide um
with a feeling of personal satisfaction and to contnbute optimally to the
satisfaction and welfare of the social group (110} Among the charactenstics
of the mentally healthy person frequently mentioned are peace of mind,
telative freedom from tension and anxiety, a feeling of secunty, a sense of
self worth, the ability to deal constructively with reality, enjoyment of hu
man contacts, the capacity for mutual satisfaction 1n socral relationships,
Integration around socially useful values, flexbiity, an approprate bal
ance between self sufficiency and willingness to accept the help of others,
the capacity to gnve and recene affection, the ability to direct hostile feclings
1nto creative and constructne channels, the ability to accept present frus
tration for future gam, spontanaity, and the capaaty to enjoy life These
ate some of the charactenstics which enable an mdnidual to mect ade
quately the demands of the social situation Considenng mental healthn a
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social context, it may be said that mental health 15 expressed i social
adjustment

The vanous formulations of the charactenstics of the mentally healthy
person have been based principally on studies of mentally il patients and
the changes which take place m them as therapy reduces anwcty and
cnables them to funchion more effcctnely These concepts have emerged
from analyses of masses of clhical case matenal rather than beng based
on tesearch desgned to determine the charactenstics of well adpusted
persons However, supplementing the formulations based on chimcal ma
tenal 1s rescarch m which the charactenstics of well adjusted persons and
mterrelationshups among these charactenshies have been studied Such
studies, using subjects of vanous ages, have been made by Goodenough
(68), Kach (108), Hardy (73), Tryon (289), and McKinney (124} These
studies have yielded findings tending to support those emergng from
clinmical studies of maladusted persons

TECHNIQUES FOR ASSCSSMENT OF MENTAL
HEALTH AND SOCIAL ADJUSTMENT

In the studies which have attempted to evaluate the contnbutions made
by exercise and sports to mental health and adjustment, vanous techniques
have been used for assessing mental health and social adjustment Among
the techmques and mstruments used far this purpose are the following (1)
personality 1ventones, (2) soctometne techniques, (3) ratings by teachers,
(4) projective techmiques (5) behaviaral observations, (6) attitude ques
tionnaires, and (7) psychatuc diagnostic studics In many of the studics

B
msentory and sociometne ratings

Personality inventornes have been desenbed by Cofer and Johnson, “h‘:
wndicate that these measurements of adjustment are of dubous validity
Ellis (51), revewing many vabidity stuches, ongmally expressed doubt of
the value of such mventones for assessing cither indwidual or group charac

- ® - mve v L aag e e -~ - yn

TR .

*Sce Chapter 28 for a discussion of personality inventones
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them mvolve the use of other techniques to supplement evaluations by
means of personahity i entones

Studies on the factors related to mental health and adjustment have
frequent]y mentioned the importance of status n the peer group for giving
the mdividual a feeling of self worth An nstrument which has been found
usefu] for evaluating status is the sociometnic test devised by Moreno (136),
although ongnally 1t was mtended as a device for measuning the amount of
orgamization m social groups Several studtes have shown this techmque to
have a high degree of relabihty and vahdity (35,01,02,136,198) Breck (22)
finds the sociometnic technique quite apphicable to the physical education
situatron, and 1t has become mcreasingly popular among physical education
researchers 1n the past several years Although sociometry 1s a vahd approach
to the measurement of status, and status 1s one factor related to mental
health and social adjustment, the studies using a sociometne approach do
not clanfy the varying sigmficance of different kinds of status at different
2age levels and for diffcrent sexes For example, 1t would appear that team
mate status might be of less importance for a college girl than for an ele
mentary school bov, m terms of its sigmificance for mental health

Before the development of modern techmques of assessment, teachers’
1atings of character and personality were quite frequently used in studes of
factors related to personality development Studies made of rating methods
have shown that, when ratings are made by a single Judge, they usually are
too unreliable to be useful, and that for ratings to be accepted with con
fidence they should consist of the average of ratings made by several mde
pendent observers (180,95} Vahdity studies have pomted to distortions m
ratings due to factors such as vagueness in definitton of traits, acquaintance
ship wath subjects rated, and halo effects (180,108-113} However, Symonds
has indicated that, with the application of certain principles, personality and
charaeter ratings may be accepted with confidence (180)

In those studies concerning the effects of exercise and sports on per
sonality and character, wheremn teachers’ ratings have been used, the rating
scales have conformed to accepted standards for such scales, but not enough
Judges haye been used to make the rahngs sufficiently reliable In defense of
the use of these scales, 1t may be stated that i each case they have been
used 1 combination wath some other method of assessment

Since the publication of the Rorschach test (whblot test) m 1921,
“Pmlccme techmques” have mcreased n populanty among chmcal psy
chologists, and m some chnical settings have entirely replaced the per-
sonality mventory for the appraisal of indmniduals * Howerer, despite thar
usefulness for tevealing personahty dymamics, these techmques do have
certain shortcomings and himitations when used for evpenmental purposcs

?See Chapter 28
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and for group companisons Among thesc are the following (1) they do not
lend themselves to the usual methods of establishing relability and validity
(2) many of the most useful results cannot be quantified, (3) idwosyn
cratic material for any given indwidual often cannot be lumped with
whosyneratic matenal given by another ndisidual, (4) a high level of
technical tranmg and shill 15 necessary for interpretation of the results, so
that nonpsychologists must make use of clinical psychologusts as collabo
rators in studies utilizing these techniques As yet, no attempt has been
made to utihize projective techmques to assess durectly the effects of exercise
and sports on mental health and adjustment However, several exploratory
studics by Johnson and/or hus co workers (89 99 100) have employed these
techniques to study the effects of athletic competitron on personality dy
namues and such studies may have implications for mental health Results
of these studics suggest that projective techniques, despite their Limitations,
1 .

studics of ndwiduals and constitute the basis for char;cgcr :lndbpersonahky
ratings obsenvation atself also constitutes an independent method of studs,
with the obserations bemng expressed 1n the form of descriptive summancs
Much of the case matenal presented to illustrate the effects of certam
linds of expenences consists of such observational reports Studics m which
evaluations of adjustment arc expressed i this form are difficult to evaluate,
smce 1n most mstances the obscrvations are not controlled, 1t 15 not known
how representative the behavior may be, and selective factors determming
what behavior 1s to be observed and reported are not indicated The use of

by specific traming propaganda supershition, and Iocal ;areludlces, they arc
affected also by realistic expertences Hence, although they must be m
terpreted with caution, attitude nventones may produce results which are
at least suggestive of the mental health values assocated with certan types
of expenence

In some studics attempting to throw hight on the effects of cxercisc and
sports, normality 1s cquated with the nominstitutionalized group and ab
normality wath the group which 1s ncarcerated 1n a mental hospital or 10
stitution for deling s There 15 undoubtedly some overlapy between
the two groups in every study of thus hand, so that some possible differences
between nommnals and abnormals would be obscured When sigmificant
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differences do occur, however, and the groups are adequately controlled, 1t 1s
probably safe to assume that the differcnces represent factors related to
adequate or poor adjustment, although 1t cannot be assumed that this re
lationship 15 2 causal one

In summary, a review of the techniques used for assessing mental health
and social adjustment 1 relation to the effects of exercise and sports reflects
the difficulties d i such Some techniques have
doubtful valhidity and rehability, some are useful only for rough screemng,
some measure only one aspect of adjustment, and some are affected by the
professional competence or personal bras of the examiner or rater Neverthe
less, because most studies use more than one techmque for assessment and
because most invols ¢ the evaluation of group trends the results can be mter
preted as being at least suggestive of eusting relationships In all piobabihty,
the situation reported above means that positive findings may be of more
significance than negatn e findings

PHYSICAL FITNESS AND MENTAL HEALTH

The mind body relationship has been of mterest to students of human
nature since the early speculations of Hippocrates, Plato, and Anstotle, 1n
the third and fourth centunes before Chust In more modern tunes, this
interest has led to much hypoth g about the sc aspects of
mental illness and the psychogemc aspects of both mental illness and so
matic disorders This hypothesizing, and the chnical research which fol
lowed, eventually resulted 1 the establist of a branch of med now
known as psychosomatic medicine, which contnibuted to the fusion of the
Bsychogentc and somatogenic ponts of view

Althongh psychosomatic medicine was at first dommated by the psy
chogenic view, present day specialists i this area tend to subscribe to a pomt
of view vanously designated as the ‘holistic, — orgamsmuc, " psychobiologt
cal,” and * psych 1e viewpomt A ding to this onentation, as stated
by Mohr (135), There 1s no such thing as a purely psychic illness or a
purely physical 1illness, but only a Ining erent taking place m a lhving
orgamism which 15 1tself alive only by virtue of the fact that mn st psychic and
somatic are umted 1y a umty Thus the hol‘xstxi thcoryjconte:]ds (]l:;t no

physical or mental illness may be adeq 4 or
tieated upless 1t 15 viewed as both an orgamic problem and a psychological
one (34)

Although the nature of the mind body relationship 15 still not adequatcly
understood, there 15 ample expenmental and chnieal evidence that such a
relationship does ewist Jacobson’s work on the electrophy sno‘logy of mental
actities shows that thinking 15 accompanted by shight €
{90) Expennmenters testing the physiologreal and psychological effects of
drugs report simultaneous changes m both areas (105,219) Physiologists
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have desenbed the concomitant physiological and psychological effects of
hormone sccretions, and physicians utilize this knowledge 1n treating pa
tients who present physical and psychological symptoms associated with
chmactenc changes Dunbar (48) has reviewed some 2400 studies show mg
that emotions mvolve bodily changes, that anxiety may result n physical
illness, that orgamc 1llness may cause emotional problems, and that psy
chosomatic illness requires both medical and psychological treatment
Dunng World War II there was considerable attention to the possible ef
fects of physical fitness on morale Seashore (259), a psychologst, stated
that all round physical fitness 1s mmportant for morale because 1t provides a
resenve supply of energy and habits of coordination which are necessary
under the day by day stress of modern hving, and dunng emergencies Sul
Inan (178), a psychiatust, said that there 15 a Jow enng of morale whenever
there 15 a relatively abrupt or rapidly supervening reduction 1 the fune
tional efficiency of the body As specific conditions producing lowered
morale he bsted factors impeding the actvity of the distance receptors so
that the mdividual cannot hear or see as well as usual, sudden malnutution,
dehydration of body tissues, undercoolmg of the body, evposure to ugh
temperature and hummidity, and muld ilness Physical edueators have relied

udy expetience which d rates dep and d accom
panying dlness, intability associated with a head cold, and listlessness result
g from malnutntion However, more scientific evidence 15 available which
shows that poor physical fitness may be related to poor mental health
Chinieal case matenal indicates that maladjustments due to physical 1ll
ness may be of three types (1) those n which symptoms are the result of
pathogemc processes mn the disease stself, {2) those which represent rea¢
tions to the discomfort of having the 1llness, and (3) those m which the &
action 1s to the experiences associated with the disease or resulting from it
Among the espenences which may result in maladjustment are (1) satisfy
Ing experences with illness, (2) expenences generating fear—fear of death,
fear of myury, fear of the future, or fear of the unknown, (3) parcatal over
protection, (4) long seclusion, with resulting wathdrawal tendenaies, (5) 1
stnichions resulting in a feelng of bemg different, and (6) expenences cans
g certam llnesses to have a speci1l symbal o e mmificance for the patient
' ems of adjustment, exthes
, cardhac disease, diabetess
{usettue nepatitis, tuberculosis, polio, cancer, epilepsy, and encephalitis (2%
:3v55:77'1041164) Kanner (10 ,154-155) pomts out that ‘any semous OF
protracted dllness which greatly smpasrs the health of the patient may be suf
fictent to preapitate mental Hlness, especrally if the paticnt 1s unstable Ths
comphcation may result from the action of toxins and from cxhaustion 3
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well as from apprehension regarding the outcome of 1llness * Hamilton (71)
reported that in a survey of 200 patients complauung of ‘nervousness,” 46
were found to be reacting to nuld, rather vague physical discomforts In
these cases the cuning of the annoying physical disorder resulted 1n the disap
pearance of the nersousness

Dunng the depression, Layman (116) found lstlessness, apathy, and
educational retardation 1 malnounshed school children and reported sig
mificant 1mprovement 1n alertness 1nterest, and educational achievement
after the school began serving hot breakfasts Mateer (130} found a deft
ciency i glucose related to the development of rmtabihity n children, with
the irntability being eliminated by administenng glucose

Most studues of chuldren with physical handicaps show that on the average
their educational achies ement 15 below that of children without such handi
caps, and they tend to be less well adjusted than unhandicapped children
(24,27,32,36,81,144,152,177) However, some studies have mndicated that
this 1s not always true (9,25,84,103) Hardy (74), studying 316 children
who were followed from the third grade to jumor high school, reported that
the mncidence of disease was lower m poorly adjusted children than m the
well adjusted or those of average adjustment although vigorous health and
absence of physical defects tended to be assoctated with good adjustment
Doscher (46) admmustered the Bell Adjustment Inventory to g9 physically
handicapped college students, and found that they attamed average adjust
ment scores, although an interview cxammation gven 66 such students
showed many unuswal adjustment problems

More directly concerned with the relationship between exercise and men
tal health 15 a study by Weber (193) who inestigated (2} the relahonship
between physical fitness as measured by the Iowa Physical Efficiency Profile
and academic grades at the State Unnersity of Iowa and (2) the relation
ship between physical fitness and personality as measured by the Minnesota
Multiphasic Personality Imentory The subjects were 246 male college fresh

tiphasic Personahty Inventory

Justment If pl;)sncal exem;c contnibutes toward improving organic health,
1t may 1n some mstances result 1 1mproved mental health On the other
hand, expenences making for superor physical fitness do not by any means
zender an indwidual immune to the effects of other types of traumabizing
expeniences 1n the home, school, or commumity, although it 1 by no means

-,
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mconcenable that excellent general fitness might contnbute to an mdinid
ual’s ability to resist psychological trauma

ATHLETIC SKILL IN RELATION TO MENTAL
HEALTH AND SOCIAL ADJUSTMENT

The importance of acceptance by the socral group as a condition necessary
for mental health and social adjustment has been repeatedly stressed by
mental hygienists Most of the studies have shown that for boys from
hindergarten through college athletic skill 1s related to social status and
prestige, and makes other positive contnibutions to mental health This
seems to hold true for guls mn the clementary school, but as puberty ap-
proaches the athletic gul is identified with the “masculine gurl” (10,57) and
athletic skill scems to contribute less to social status Relatnely few studies
have used adolescent gurls as subjects, but most of those that have molved
adolescent guls have shown that athletic shills i adolescent gils tend to be
related to teammate status but not to fniendship status or more general sacil
status

Jersild and his co workers (94,95) report that lack of physical skills 15 an
mmportant cause of fear among young children, and that development of
such shills often results in ehimination of fears

Ranck and McKee (146), using a case study techmque based on interviews
with teachers and parents, compared the adjustment of 10 third grade chit
dren with extremely lugh motor abihity scores and that of 10 children with
extremely low motor ability scores They found the children with supenor
motor ability scores to be active, popular, calm, resourceful, attenttve, and
cooperatwve, whereas those in the infenor group more frequently showed neg
atnve traits such as shyncss, withdrawing tendencics, and tenseness Haddy
(73) pared the ch istics of 38 el y school children who
were often mentioned as beng well iked with those of 54 chuldren who were
seldom or never mentioned as bemng liked The popular children were matk
edly supenor to the others m tests of phystcal achievement and as a grovp
were unusually proficient in the type of playground activity commonly en
gaged mn by boys and gurls of that age

McCraw and Tolbert (121) studred the relationship between sociometne
status and general athletic ability among 438 juntor high school boys and
found a moderately high relationship between athletic skill and status 10
the class, grade, and school Smmular findings for mor hieh school boys have

- me e Juene L4uay pUILLL VUL gL Ve s -
of corrclational evidence it may be concluded that for boys compehiné
athletic skills are among the chief sources of social esteem 1n the period pre
ceding matunty, and that this 15 attnbutable not merely to the high premiun



CONTRIBUTIONS OF EXERCISE AND SPORTS TO MENTAL HEALTH §71

which adolescents place upon athletic proficiency, but also to the fact that
strength and other aspects of physical ability are closely associated with such
traits as achivity, aggressiveness, and leadership He ind: d also that physt
cal abilities play a more mmportant part m social adjustment with boys than
with guls In a later study, Jones (102) made comparative case studies of the
Io strongest and 10 wcahest boys i an urban school population nvoling 5
high schools Adjustment was evaluated by means of the Unwversity of Cali

forma Reputation Test, cumulative records by staff observers, and cumula

tive records on a personal social mventory ‘ The summary for the ten boys
high 1n strength indicated a tendency for strength to be associated with a
good physique, physical fitness, early matunng, soctal prestige and social
stmulus salue, and an apparently satisfactory level of personal adjustment

Sumilacly, the ten boys low 1n strength showed a pronounced tendency to

ward an astheme physique, late matunng, poor health, social dificulties and
Tack of status, feelings of mfenonty, and personal maladjustment m other
areas” (n 7071

achievement, cvaluating adjustment on the basis of teachers ratings, a socto-
metne techmque, and the Caltfornia Test of Personality It was found that
students ranking high 1n athletic achiesement demonstrated a sigmficantly
greater degree of personal and socal adyustment than did students ranking
low m athletic achierement Ondrus (142) made a socrometne study of a
Tugh school football squad and found a substantral correlation between so
cal status and football skill

McKinney (123,124,125) has made extensive studues of the
of adjustment and maladjustment 1 college students, 1dentifying the ad
Justed and maladjusted on the basis of student ratings (124), the Thurstone
Personahty Schedule (125), and chmcal evidence The concomtants of
adjustment and maladjustment were determned on the basis of information
obtamed on questionnaires On all three studies 1t was found that the well
adjusted student tends to have a good physique, 1s more slilled than the
maladjusted, and has more frequent athlctic team membership

Several sociometnc studies have been made m the setting of the college
Physical education class for women Brech (22) studymg 586 college
women enrolled 1n different activity groups, found comelation coefficients
Ruging from 43 to 57 between the skill and fniendship factors affecting
status (Correlations are actually between tcammate status and fnendship
status, and 1t appears likely that some students were selected as teammates
on the basis of acquamtance and fnendship, rather than on the basis of
shll) Frost (62) and Fulton (63) found significant correlations between
teammate status and volleybatl shall, but Frost indicated that the correlations
between fnendship scores and shill mn volleyball were not significantly
greater than zero
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Tn companng the motor shalls of women college students sconng high on
the Minnesota Multiphasic Personahty Inventory with those sconng low,
Rexd (149 found the motor ability of those with normal personalty scores
to be better than the motor abihity of those with deviant personality scorcs

Bentson and Summershail (12) studied d mp 1 ad) t
between 59 athletes who won letters m varsity sports and g athletes who did
not earn letters, with adjustment being evaluated on the bass of record 1e
scarch and mterviews They concladed that success 1 intescollegiate athleties
does not have a generalized effoct upon the adjustment of these students,
but success 1n athletscs 15 related to attitudes about athletics and self ‘The
successful athletes clearly felt that esteem on the campus was greater be
cause of athletic achievement Dunng the mterviews, the lctter manners
expressed strong feelings of personal satisfaction resulting from thetr succcss
w varsit sports They also expressed deep satisfaction with the social mterac:
tion and feelngs of team spmt they had expenenced” (p 14) Weber
(193) studied the relation between scotes on the Towa Physical Efficency
Profile and scores on the Minnesofa Multiphasic Personality Tnventory, and
found no relationship Henrv (82) admimistered the Cozens General Ath
letic Abifity Test and an mtcrest and attitude ms entory to 61 male college
students He reported a positive correlation between general athletic ability
and ascendance mishentarly ascendanee i phissical situations

m
mi
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ter adjusted sacially than nonathletes

Findings such as those reposted i this section have commonly been wntcr
preted as mdicating the mmportance of shills fromn the standpornt of de
veloping a feelng of self csteem, and the smportance of descloping 1t
mural programs so that more students may have the status associated with
team membership as a symbal of achucsement

Schilder (156) offers case analyses to show that senous ps’c]lo]l)glm‘
problems mav be based on difficulties with motility For example, 7
pomts out that problems ongimating m msecunty with refercnce to equil
nium may be factors m the later development of ansiety neuroscs, at states
that cotrection of deviating motor des clopment 1s the sndispensable basis for
nragreee m na chalamen treatment

o

Howrver oveny nhyae] edweabne ar ench ¢ familee with the fact tée s

ences 1n body build and skeletal structure, many awhward chuaren "
youngsters with a nmuld degree of organie bram damage (45), and some 3
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mdriduals 1n whom motor dysfunction 15 a reflection of some psychological
problem (13,127,197) Illustrating the latter, Bettelheim (13) cites case
matenal to show how one child 1s unable to leam to throw a ball because he
15 afraid that if he learns, he wall throw the ball at someone whom he wishes
to huit, another child 1s afraid to deselop competencies of any kind because
he believes that if he becomes skillful he will be held responsible and will be
pumished for an acadent which has occurred years before Blanton (16) de
scribes cases of college students whose awkwardness or incoordination 1s due
to tension and anxiety Kubie (110) pomts out that competition i sports
has very different meanings for the physically competent and the physically
awhward child  One will develop a sense of competence, adequacy, and
cagerness to try new things The other will approach every new physical
challenge with anwety, and with the constraint and the exaggerated physical
awkwardness which anwety produces (p 11) Doscher (46) working with
physically handicapped college students m a special class, reports that some
students have been helped toward a better adjustment through expenencing
success 1 physical education activities, whereas others have felt disenmi
nated agamst—that the special class made second class students of them
The implication of the demonstrated relationship between motor shlls
and socral status 1s that a physical education program may contnbute to
supentor mental health and social adjustment m those with a high aptitude
for motor learming On the other hand, it may ncrease the frustration and
anuety of those for whom motor learning 1s difficult It 15 important, then,
for the physcal cducator to be aware of this distinction and not proceed on
the assumption that any phyvsical expenence automatically mmproves the
social adjustment of all pupils for it 1s clear that certain tvpes of situations
may be damaging rather than saluable to some pupils unless the teacher
takes certam p It 15 also ump for the physical education
teacher to be alert and obsertant so that he mav detect those whose motor
dysfunctions are a reflection of emotional problems and refer those students
to someone who can gne them proft 1 help It 15 1my also that
the teacher have a knowledge of the types of skills which each student can

. ~pv I -
and testing than are usual in most school systems

PARTICIPATION IN PHYSICAL EDUCATION AND
SPORTS IN RELATION TO ADJUSTMENT AND
MENTAL HEALTH

Much has been wntten on the alucs of play and athleties for promoting
the development of mental health and encouraging the zc:]msmon o£ ath
tudes, values, and habuts impled n the concept of good ‘ character” For



574 EMMA M LAYMAN

cxample, Cowell (39) states that “physical education, athletics, and recrea
tion actwities under wise guidance are +aluable agents in presentne psych
atry” (p 143), and gives evidence to support this contention as he elaborates
on it McKinney (126) reviews evidence that those who have grown up with
himited plav and P are less well adjusted than if they had expen
enced 2 normal play e (p 414), and states the values of play as follows
(1) 1t increases social pose and spontanerty, (z) it devclops mdependence,
(3) 1t releases tensions, (4) 1t forms the basis for friendshup, populanty, and
leadership (pp 194-195) Slavson (170) pomts out the value of actie rec
reation for developmg a feeling of self worth, which 1s essential to mental
health (p 25) Bower (19) calls attention to the potentialitics of physical
cducation, recreation, and spoits for developing such qualities as “personal
and group mtegnts, loyalty, cooperation, courtesy, respect for the body, farr
ness, and that galaxy of traits known as sportsmanship” (p 8o}

In evaluating the cffects of physical education and sports on adjustment,
most of the studies are such as to make 1t difficult to separate the effects of
shill from those of participation, since the more shilled mdividual 15 more
hikely to continue participating than the less shilled indry 1dual, who tends to
become discouraged and drop out

Bower (19) Presents case matenial xllustmhng the use of game situations
1 the physical education class as a means of promoting the desclopment of
character 1n the clementary school However, Hardy's study (72) suggests
that the nature of adult leaderslup rather than the activitics themselves i

the out-of school actrvitres of welladjusted and poorly ad d el

school pupils, using information obtained by teacher ratings and obsensa
tions, pupil mterviews, and parent reports She concluded that “what chil
dren do with ther after school hours 1s ot an ymportant conditioning factor
1n their personal adjustments” (p 467)

Couell (37) made a study of Jumior hugh school boys, m which he com
pared the ¢ frningers " with those v ho cntered actiy ely mto the common social
big muscle play actnaties of the physical education program The groups
were compared on the bagis of 2 ‘cmzenslup ballot,” observation charts, and
behasior trend cards (adapted from Marston) He found that students who
are disinchned to enter v holehcartedly 1nto the activitics of the physical edu
cation program tend to have the following charactenstics “x They are Jess
socm}]y acceptable to other boys and piels 7 Thes tend t sanard athers as
sor
3 . -s .-

POiweuns utinanaing quahties of virtue than are actives 4 They show 3
marked tendency to cxhibt those negatne behavior trends which psyehia
trists, mental hygienasts, and chnicians indicate are symptoms of great clnt
calvalue” (p 136) He concludes that “from the standpont of social ad
Justment and happiness, fnnger boys, n general, are agamst tremendous
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N
cal education expenences on racial attitudes i hugh school guls Studymg
four actity groups (field hockey, soccer, softball and swimmung), she
found no sigmificant changes n racial acceptance resulting from the physical
education actr ities

Blanchard (15) reports on a comparatne analysis of secondary school
boys’ and gurls’ personality teauts i physical education classes In this study
132 children enrolled 1n physical education classes were followed over a pe
nod of 2 years, in the course of which cach child was rated by classmates and
teachers on a scale for the measurement of character and personahty 1n
physical education The results showed a contmuous growth m desirable
character and personality traits taking place with each succeeding grade level,
with the girls’ physical education classes for every grade level showing a
significant supentonty over boys physical education classes

In contrast to the findings of Blanchard, Milverton (13.) compared per
sonality trmt 1atings of 20 boys enrolled 1n a physical education class wath
those of zo boys not taking physical education, and found no sigmificant
changes m erther group over a 12 week penod, except with respect to con
centration, i which the expenmental group showed some mmprovement

Smith and Nystrom (172) found that high school leaders participate more
m extracurncular actwities than nonleaders (The leaders and nonleaders
wereidentified on the basis of teacher judgments )

Reid (149) compared two groups of college women with desviant scores
on the MMPI One group had physical education three times a week for a

‘. N
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in this area of personality for this group

Duggan (47) made a comparatne study of unnemty undergraduate
Wwomen majors and nonmajors physical education with respect to interests,
general information, motor abilities, and personality The physical education
majors were found to prefer work and play of a danng, competitive, and out
door nature, ext lar activities sp d by their own department,
Magazines concernmg sports, and people who are danng; they have more
vaned interests than nonmajors, are ndifferent to careless dress, are su
Penor on motor ability tests, more stable emotionally, more extraverted, and
more dominating Those majonng i other subjects prefer comparatnely
safe, noncompetitive, and 1ndoor work and play, extracurncular activtics of
the language club and hterary club type, magazines assocated with the
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example, Cowell (39) states that “physical education, athletics, and recrea
tion actvities under wise guidance are valuable agents m presentne psychi
atry” (p 143), and gives evidence to support this contention as he elaborates
on 1t McKinney (126) reviews evidence that those who have grown up with
Iimited play and companions are less well adjusted than 1f they had expen
enced a normal play bife (p 414), and states the values of play as follows
(1} 1t increases soctal poise and spontanaity, (2) 1t develops independence,
(3) 1t relcases tensions, (4) 1t forms the basis for friendship, populanty, and
leadership (pp 194-195) Slavson (270) pomnts out the value of actie rec
reation for developing a feeling of self worth, which 15 essentral to mental
health (p 25) Bower (19) calls attention to the potentiahties of physical
cducation, tecreation, and sports for developing such qualities as “personal
and group integnty, loyalty, cooperation, courtesy, respect for the body, fair

ness, and that galaxy of traits known as sportsmanship” (p 8o)
In evaluating the cffects of physical education and sports on adjustment,
most of the studies are such as to make st difficult to separate the effects of
T vidual 15 more
, who tends to

o e e

Bower (19) presents case matenal illustrating the use of game situations
m the physical education class as a means of promoting the development of
character in the elementary school Howcver, Hardy's study (72) suggests
that the nature of adult leadership rather than the actwities themselies 15
responsible for mental health and character education values She studied
the out of school activitics of well adjusted and poorly adjusted elementary
school pupils, using information obtained by teacher ratings and obsenz
tions, pupil interviews, and parent reports She concluded that “what chul
dren do with therr after school hours 1s not an important conditioning factor
n therr personal adjustments” (p 467)

Cowell (37) madc a study of junior high school bogs, in which he com
pared the ‘ frngers * with those who catered actively into the common socsal
big muscle plav actnities of the physteal education program The groups
were compared on the bags of g “citizenship ballot,” obsenvation charts, and
behavior trend cards 2dapted from Marston) He found that students who
are disinclined to enter wholeheartedly into the actnities of the ph)sncal edu
cation program tend to have the following charactenstics “1 They are less
socially aceeptable to other boys and guls 2 They tend to regard others 35
socially more aceeptable than they are regarded by other boys and girls
3 They are considercd much less able by other boys and garls to fulfill schoo!
pon‘ho?s dc‘mﬂndmg qualities of virtue than are actives 4 They show 2
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035, 1n general, are aganst tremendous

justment and happm.ess, fnng::;
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MENTAL HEALTH VALUES OF THE DANCE

The mental health values of music and panting have long been recog
nized, and these arbistic forms were among the eathiest to be used as adjuncts
to psychiatnic treatment 1 mental hospitals In recent jears, recogmtion of
their mental health values has resulted i changes i their manner of presen
tation mn the educational setting, with less emphasis bemg placed on tech
mique and more on use being made of art forms as media for self expression
Despute these developments and despute the fact that teachers of the dance
have always recogmzed the expressive aspects of all types of dancing, mental
hosputals have been slow to mclude it m thewr programs and teachers have

conducted it mental hospital settings Examples are studies by Bambrndge,
etal (7), Martin and Beaver (129), Bender and Boas (11), Chace (31),
May (131), and Rosen (153) (The results of these studies wall be discussed
1 greater detail in another chapter ) These writers present case matenal to
Ulustrate personahity changes resulting from the dance program but these te
sults are difficult to evaluate because no control groups have been used
However, of from the dp of mental health are certam
obsenations made about the nature of the expenences associated with the
dance as res ealed by the reactions of patients

Fehrer (54) reports on the use of dance therapy with orthopedically cnp
pled children, and Bunzel and Bunzel {26) descnibe the use of the dance for
improving the adjustment of normal children and adults Both articles n
clude llustrative case matenal

The studics made seem to provide evidence that modern dance has po

e -5
ment for the expression of feelings, desires, 1deas, conflicts, dmes, fantasies,
and defenses (7,11,17,26,31,120,131,154,155), thus (a) proudmng possible
release of tension through catharsis (26), and (b) promoting greater spon
taneity (7)

2 It 15 a nonverbal means of commumcating with others, and so assists
the indvidual to relate to others and identify with others

3 It helps the indwidual to acquire poise and confidence 1n socual situa
tions

4 Itss creative and ehcuts reactions of approval from others, so gives the

, there has been a tendency
e,” and because the dancer

O A e
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must perform within the framework of an cstablished pattern, rather than
bemng frec to cstablish Ins own pattem However, mental hygienists bnow
that somc persons can express themselves with more spontaneity i 2 rela
tiely structured situation than m one where they have more freedom
Such persons, when they ship, dance, clap, and whirl to the thythm of the
music, may be expressing themselves with an abandon which 1s not possible
when they are free to express themselves in any way that they wish

Layman (115 226) reports the use of folk dancing as a means of mmprov
g the rapport and understanding between children and thewr foregn
bom parents, with the dances serving to help the children to appreciate
the national hentage and background of the parents, and to improse com
munication betw ecn the older and younger generations

1t has been suggested that for the dance to contibute to mental health
certan procedures should be followed (1) The teacher should gnc smstmc
tions concernng  fundamentals” and work on the devclopment of skills
at 2 ime when the mdndval 15 not attempting to use these same skills for
self expression Self- and s y do not go hand m hand
(2) The teacher must display an attitude of permissieness with respeet to
the feelings which the indinidual wishes to eapress {3) Even when already
prepared chorcography 1s mvolved mn a dance or the teacher has decided on
a title or subject for a dance, the dancer should shill b free to cxpress his
own fechings n the dance (115,371-372)

Although the potential mental health values cannot be disputed, actually
the contnbutions of the dance cannot be speafically stated without con
trolled studies and more studies ins olving normal populations

COMPETITIVE SPORTS AND MENTAL HEALTH

There has probably been more heat gencratcd m discussions and argh
ments about athlctic competition—especrally interschool competition and
Little League competition—than about any other subjeet which s of con
cen to physical educators

It 15 generally conceded that competition atsclf 1s not necessanly e, bat
that certain kinds of competition may be harmful to some pessons, that cor
Petition 15 seldom beneficial to those who never have a chance to succeeds
and that competitive programs which exclude a high percentage of possible
pathicapants cannot benefit those who are excluded

The tendency on the part of children and adults to be motnated by the
incentnes of malry and competition 15 not an inbom tendency, but ‘mf

“ o
proval and prestige (65 69,118,196)
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Competition 15 inherent mn many athletic activities and physical education
teachers frequently mject an clement of competition mto noncompetitne
actiities to make them more mteresting and to stmulate effort Hence, 1t
15 pertinent to review some of the known facts about competition, par
tieularly as they relate to mental health and adjustment

Achievement and approal associated with achievement are important to
an ndwidual’s feeling of sclf worth Several studzes have shown that regard
less of the hind of activity i olved competition 15 a sery powerful mcentne
te learning, and children tend to learn more rapidly 1n situations where com
petition 15 imolved than m those where there 1s no competition (69,87,128),
but interest i cooperative activity 15 quite strong m elementary school chil
dren, and often 1f a group versus group contest 15 mijected mto a learning
situation, some children will exert themselves even more than when they
are working only for indivadual honors (88)

Although competition 15 a strong meentnv e to learming for the majonty of
elementary school children and continues to be an effectne motnator mn
older students, there are indmidual diff m the resp of
students to competition Some put forth great effort to excel, some reman
fanly indifferent to competition, and others are o frustrated and disturbed
by 1t that they are blocked n learsning In general, when an mdvidual 15 al
ways competing agamst those who are either far supenor or far wfenor to
Iumself in ability, he 1s much less motivated to leatn than when he 1s compet
g agamst others of about equal ability or agamnst others only shghtly better
than himself

Although 1t 15 generally agreed that competition 1s effective as a motivator
for leammg, espemally m elementary school cluldren, there has been con
siderable concern with the feelings, attitudes, and social behasior associated
with competition It has been frequently pomnted out that competition 15
assoaiated with hostility In situations where children are vymng with one an
other for a place on the team each cluld 15 threatening the status of another
child The mdwidual who does not male the team may feel infenor, re
Jected, and resentful When competition within the group 15 onented pnn
apally toward competition for making the school team or competition to-
ward attaming any other goal which can be attamed only by a few, then
many mdniduals will be disappownted As pomnted out by Gates (65), com
Ppetition among 1ndnviduals when other values are overlooked or subordi
nated tends to breed an mdifference to others and enhance sclf interest On

m the situation than campehnon Also, under appropnate leadership, com
Petitie situations represent mitvations where mduniduals may leam about

fair play, teamw orl, and sportsmanship
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Fralaigh (s59) surveyed the hterature refating to the mfluence of ply
upon social and emotional adjustment and concluded that ‘shillful partia
pation w the normal pattern of social and competitine play 15 generally as
sociated with better adjustment, while particrpation 1 mdividualized, less
compehitne play 15 associated with poorer adjustment” (p 495)

The Jomnt Commuttee on Athletic Competition for Elementary and Junior
High School Age prepared a set of queshons relating to the psychological
effects of high pressure athletic competition on children and submitted
the questions to 31 psychnatnsts, psychologists, and cxperts m child growth
and development For the most part, the experts felt that the effects of com
petition could be beneficial or detrmental, depending on the attitudes and
values of adults and the needs and personality charactenstics of ndiidual
children It was pointed out that farlure has different meanings to diffcrent
persons—that some take 1t m stnde, others are stmulated by 1t, and still
others react with feelngs of nfenonty and discouragement There was
agreement that 1f benefit 15 to accrue from competition, 1t must be set up s0
that there 15 no blame for failure Most experts felt that “high pressurc'
competition was undesirable, and hikely to result m a distorted sense of
values Some of the authonties expressed the opmion that competitine
athletics could provide a nceded release of aggressive impulses, but Lemlau
queshioned this, i the light of the rules by which athletes are bound n game
situations {5)

‘Those who have been opposed to “varsity” type competition below the
semor lugh school level have cited evidence to show that anxiety and exate-
ment about important contests results m restless steep simular to that pro
duced by fnghtening television shows or other upsetting cxpencnces {141)

Using a revision of the McCue attitude scale, Scott {158) made a study of
the attitudes of parcnts, teachers, and school adminstrators toward mtensie
athletic competition at the elementary school level (4th through 6th grade)
The results showed considerable dfference of opmion but all thrce groups

of adults

Three studies (161,165,166) throw light on the mental health imphcations
of Luttle League and Middie League Baseball for boys of elementaty school
and junior high school age Skubic (165) used the Galvame Skin Responsé
as a measure of emotionahity testing the responses of boys smmediatelt
before competition, immediately after competition, and one and anchal
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hours after competition Her subjects were 75 boys who participated 1n Little
League Baseball, 50 boys who were members of Middle League teams, and
80 boys who parircipated m softball competition m physical education
classes She found that msofar as the Galvanic Shin Response test can be
taken to be a valid measure of emotional excitation of boys of this age level,
joungsters were no more stimulated by competition 1n league games than
they were by competiion 1n physical education games In a questionnamre
study of the attitudes of parents and players toward Lattle League and Mid
dle League competatn e baseball, Skubic (166} reported that boys who were
members of such teams v ere better adjusted socially and emotionally than
boys who were not members of teams, but that the slecping and eating
habuts of many of the boys were disturbed due to the escitement of the
games Seymour (161) compared the behavioral charactenstics of boys who
particzpated 1n Lattle Leaguce Baseball with those who did not, using the
SRA Jumior Inventory, teachers’ ratings, and the Ohio Social Acceptance
Scale as measurement instruments Both groups were evaluated prior to and
subsequent to the playing season There was little difference i the number
of problems mamifested by the groups The participants scored shghtly
higher each time on personality traits and recewved hugher soctal acceptance
ratings than the nonparticipants However, with the exception of the trait of
lcadershxp, changes occurring as a result of participation were not statistt
cally significant
McGee {222) studied the attitudes of parents, teachers, and school ad
munistrators toward mtensive athletic competition for high school girls The
study was made 1n one commumty sponsonng such competition, and two
. ! a b o ta s
. " I B » v
o = Mew o' e gl e s
teachers were less favorable than parents and coaches All three parental
groups had positive attitudes, with those bemg strongest in the commumty
having a competitnve program  All agreed that outcomes i the areas of per
sonality development and human relations were among the most favorable
Bell (10}, on the basis of a personality iientory, a sociometric test, and a
qQuestionnaire, found that lugh school guls participating w imterscholastic
basketball were Iugher than nonparticipants m participation i other extra
curnicular actinities, number of electine offices held, populanty, social ac-
Ceptance, and self acceptance, but were also less fermmine and more mm-
ulsive
? Stalnaker (176) studied the athitudes toward ntercollegiate athletics
among University of Minncsota faculty members, Unnersity of Minncsota
students, college and unnersity presidents, Unnersity of Minnesota varsity
athletes, alumm of the Unnemsity of Minnesota, newspaper editors of Min
Desots, the general public of Mimnesota, and the parents of Unnersity of
Minncsota students On the average, all groups were favorable m their atty

| —
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tude, with athletes bewng the most favorable and unwversity presidents the
Jeast Among values mentioned by athletes are those pertamming to per
sonahity and character vanables

Several studies by Johnson and his co workers (76,89,96,98,99) have dealt
with emotional changes associated with intercollegiate contests m vanous
sports, including football (76,96), wrestling (89,98,99), track (76,89), box
ing (89}, swimming (98}, basketball (98), and hockey (98), using vanous
means of assessing emotional changes, mcluding introspection (96), Gal
vame Skin Response (96,08), other physiological changes (96), word as
sociation test (98), and projective techmques (89,99) In most of the studies
more than one techmque was used to measure cmotional change It was
found that emotional disturbance preceding athletic contests 1s of sufficient
mtensity to be measured by any one of a number of techmques, but that
after the contest 1s over the disturbance substdes It was Johnson's impression
that ‘ the ‘disturbed state’ which so commonly charactenzes the precontest
situation 1s probably not detnmental to individuals who are comparatne]y
free of profound personality disturbances” (98, p 432) Johnson and Hut
ton (99) found a decreasc 1n aggressive tendencies 1n wrestlers the moming
after competition, but made no statements concerning the implications of
this for mental health

Hazelton and Piper (79) used a questionnaire to evaluate the attitudes of
frcshfn:m collegc_ women with respect to certain social trats, and they com

o . e v -
students taking individual sports HoweTeJr, this may have been the result of
participation 10 a team sport or 1t may have been a factor related to the
selection of an activity of ths type

In summanzing the mental health imphcations of competitive athletics,
the following appear to be true

1 .

mterests and feelings simtlar to hus Ix; :'l()mAg this, they hclpuw promote
the development of interest n others, understanding of others, and sym
pathy for others

but wha think of the team as ‘our team " t
Compchition 15 a powerful incentive to learning for those who feel tha

w
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they have any chance of winning For those who are always losers, 1t may
be a deterrent to learming
Individuals competing for places on a team may develop strong hostile
feclmgs toward one another This may be partially corrected by emphass
on pts such as sport: hip and frendl but i younger ele
mentary school children excessive emphasis on competition may inter
fere with the develop of hized P
From the mental health standpomt, mtensive competition at the elemen
tary and junior lugh school levels seems to benefit some participants but
may have detrimental effects on others (This does not myalidate or be
little the potential harmful effects 1n terms of physiological functioning
and safety mentioned by some investigators )
Varsity competition 1n high school and college 15 associated with precon
test emotional disturbance, but this does not appear to have an effect on
the general mental health of participants
Overemphasis on varsity type competihon and underemphasis of intra
mural competition or the general physical education program limits the
benefits of competitive athletics to a few, and may lease many mdividuals
with a sense of nadequacy or fatlure
Beneficial effects from competitne sports are most likely to occur
(1) when the program nolves \aned actnties, (2) when it 15 such as to
make parhicipation available to all, (3) when approval 1s gien for co
operation, sportsmanship obsening the rules and trying hard, (4) when
joy m the activity 1s stressed and the importance of winning 15 de
emphasized, (5) when competition 15 not surrounded by commumty
hystena and the loser need not fear blame or rejection when he makes a
1 leadersh

mustake, and (6) when 1t 15 under p P P

FS

“

o

~

oo

SPORTS, RECREATION, AND DELINQUENCY

In the hterature on cnme and delinquency considerable attention has
been gnen to the possible relation between physical defects and delin
quency, and the values of supervised recreation mn the prevention of delin
quenc;

B“‘i, (27), studyng jusentle delinquents m London, found 70 percent
suffening from phystcal defects Schumacher (157) reported simlar findings
for delinquents n Cleveland Chnstie (32), companng the mcidence of
Physical disabilities 1 282 unselected boys from a jumor high school and
282 consecutne cases examned at the San Franusco Juenile Detention
Home, found that the incidence of physical defcts was sigmificantly greater
among the dehnquents than among the normal boys Some psychologists—
especially the followers of Adler (2)—have made much of organ mfenor
1ty 1 relation to feelings of inadequacy, and have terpreted delinquent
tiends 10 certain mdmiduals as attempts at ganing supenonty If physical
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defects have some ctiofogical tefation to delinquency, then any progam
whch promotes physical fitness would be considered to have value for help-
g to prevent dehnguency However, Schumacher (157) and others have
pointed out that dchinquency rates ate highest amang the economacally and
socially infenor groups of the population, and that physical defects tend to
be most prevalent i such populations, whether dehnguency rates are high
ot not Fusthermore, surveys made by the Gluecks (66} and by Healy 20
Branuer (80) have shown no diff es between dehmquent
amd deling with ref ta physical condition Studymg 500
dehing and 500 nondehng from the standpomt of body buld, the
Gluecks (66} reported that “the majonty of persistent juvemie dehaquents
are typically of the mesomorphue, muscufar, well hmt athlebie type (P
102), more harmonwowsly organized for direct physical actssity than non
delinquents, probably making casier the comversion of impulse o achon
Healy and Bronner {80), studving delinquents m two ctics, found them
more shallful and actwve in games and sparts than nendelinguents Musts}
(137), companng dehugquents and nondelmg found delinquents 1
fenor to nondelinquents with respect to knowledge of rulcs of certam ath
letic sports, but found the two groups about equal wm athletic performance
Ouge of ‘th‘c major arguments advanced for the estabhshmient and support
- . B i

PYI RPN e oo

quents ot potential delinquents whose spo;xta;xcous play nterests jead them
into anbsoen) achvibies Persons such as Nolan (138}, Deputy Commsy
sioner of the Police Department m New York City, stress the value of ath
Tetics 1 helping to prevent delimquency by devcloping qualities such as 3
respect for the nghts of others and the importance of fair play

S\u‘d\cs designed to test the effectnencss of supenised recreation progranis
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covered by the study was three times as high as the similar rate for nondelin

of ywemle delinquency in

” of recreation programs, 1

vestigators such as Thurstone (186), Powers and Witmer (145), Shanas and
Dunning (162), Fine (55} Rewnhardt and Harper (150), kvaraceus (112),
and the Gluecks (66,67) show that even when recreational facihities and
supervised programs are available most delmquents nerther tale advantage

. .
Both this study and a study which Thrasher made at the Boys Club of
New York University (185) showed that even those children participating
m supervised programs were more likely to become delinquent as they grew
older

Considenng the conflicting findings reported, 1t would appear that they
are due to differences 1n Jeadershup and orgamzation n different recreation
programs, differences 1n the inds of statistics studied, differences in general
¢ y cl 1stics, and duffe with ref to other delin
quency prevention programs which are m eustence Truxall (188123)
has warned that “it 15 entirely wrong to ascribe the reduction m the amount
of delinquency mn a given locality to the mtroduction of a recreation pro-
gram unless 1t 15 known that all other factors i a given situation remamed
constant

Despite the confused picture with reference to supervised play and juve
nile delinquency, certain generalizations seem fauly clear

Onthe negattse side of the ledger

1 Bemg a good athlete or being physically fit 15 no deterrent to deln
quency

dren who are presumed to need them most

3 The total time spent by any child m supenised recreation is not
f“ough to reduce appreciably his opportunities to engage in delinquent ac
aties

4 For children who have come to enjoy their delmquencies as games, the
thalls thus provided are usually much greater than those which organized
Tecreation can provide

5 As pomted out by Tappan (150,183), the eustence of a play group
may atself help to stimulate 1ts members to engage 10 delinquent actnahies,
engaged in * for fun * after the supenised actvitics are over

6 As stated by Glueck and Glueck (66,197), “ 1t 15 fuhle to treat
the child, delinquent or otherwise, apart from the family that contnbutes
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much to make hum what he 15 Without concentration on the famly, par
trcularly the parents, we may set up boys” clubs, recreational centers, chinics,
and the like, and we may myveigh aganst the mowies, comucs, and cnme:
suggesting toys, but we shall stll be trying to swoep bach the tide of child

hoad maladjustment and deling with pamfully madequate brooms”
On the positive side
s Tla - "
P
status

2 Although recreation cannot cure or prevent delinquency, it can and
will help some potential dehinquents

3 Supenised recreation has a ‘aluable contnibution to malke 1n a com
munity program which also ncludes attention to factors m the family and
home which are mtimatcly rclated to delinquent behavior

4 An athletic or reorcational program, planned as ‘group thetapy,” fah
ng nto consideration the needs which delinquency serves as well as the
motuations and cducational | related to delmquent acts, may be
most effectne m preventing or correcting delinquency among children 1n
volsed n such a program (183)

Vanous suggestions have been offered, for making recreation programs
more effectne from the standpamt of delinquency prevention (1,66,15%
172) Among them are the following

1 Have more recreation programs without cost
Have vear round programs
Hase more programs for guls
Glamonze teenage programs
Have better adult Icaders
Gnve more adequate traming to adult leaders, from the standpomt of
providing bachground m psycholopv and samnlamy marhicularly as they ©

v bW N

- means of attracting
potentral delinquents such as contactxné group leaders, becorming fnendly
with gang members, establishing groups where the gang hangs out, havng
mobile recreation umts and developmg programs which will avord those

1 of which the dehmquent 1s ikely to be susprcious
8 Establish more prog based on a desation of mdndualized
therapeutic necds

PLAY AND PHYSICAL EDUCATION IN DIAGNOSIS
AND TREATMENT OF MALADJUSTMENT
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play actiaties, child gurdance workers have come to recognize the salue of
play observation as a means of gammg an understanding of the child, and it
has become standard practice to conduct psychuatric mterviews with children
w a playroam setting Those who adsocate use of play obsenation as a
diagnostic technique recognize play also as a form of treatment for malad

justed chuldren Sometimes this treatment imvolves only a single cluld and
the therapast, but often 1t takes place mn a group setting Whether 1t 15 inds

vidual therapy or group therapy, howener, 1t mualyes recognition of mdwid

ual needs and planning to meet those needs There 1s much casc maternal to
document the claims that play therapy does result in 1mproved adjustment
of unhappy and maladjusted children (3,6,59,168,173 192)

It 15 frequently pownted out that because of the naturce of the actwity pro-
gram and the relatw ely nformal atmosphere of the physical education class
or recreational athletic group, the gymnasium and athletic field are places
where one sees “personality mn action —where basic charactenstics are re
vealed 1n a manner which 1s not possible m the more formal atmosphere of
most classrooms For example, Cowell says, Weaknesses and strengths are
readily spotted Physical cowardice, sissiess, fearfulness, or nen ousness be
comes evident Here teachers get 2 much more adequate view of personality
In action than can be obtamed from the narrow confines of the chncal
laboratory, the classroom alone, or ‘paper and pencil tests purported to
measure personality Furthermore, the informality of the student teacher
relationship 1n physical education and athletics 1s of unusual value for effec
tive guidance” (39,145) Layman (115) and LaSalle (113) hst specific be
havioral stems to be observed 1n the physical education class, which may re
veal useful mformation about p ity ck and ady
and Layman (115} gives case matenal to illustrate the value of such obsenna

1ad

tonsasan aid 1n und ding patterns of ment

education and athle—;mrs ‘(115)_ However, the explorations of Ehe psychodr
agnostic and psychotherapeutic p hties of physical and
athletic activities are still i thew mmitial and nondefimtrs e stages

DISCUSSION AND RECOMMENDATIONS

‘The majonty of the studies reviewed m tlus chapter pomnt to the conclu
st0n that exercise and sports have potentialities for contnbuting positincs to
the attainment of mental health and for the acquisition of behavior patterns
maling for social adjustment Howeser, there are indications that under
some circumstances, with some groups, and for certan mdividuals, physical
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education and athletic activities scem te be unrelated to the development
of mental health, or may be detnmental to 1t

Somewhat confusing ate the conflicting findings reported by sesearches
making comparable studies of simular groups, and the fact that i the same
study different measures of adjustrment may seem to show opposite trends
Possibly partially accounting for the conflicting findings reported by dif
ferent s estigators are differences 1 programs and teaching methods,
well as mability to control factors such as the personality of the teacher of
coach, the nature of the teacher student or coach-player relationship, and
expenences stemming from mfluences m the home and commumty It s
kaown that schoolage children often tend to identify themsches with 2
popular teacher or caach and not only take on some of hus charactenstics but
change some of thew behavior patterns to please hum (93,182) Studies of
teacher pupl telationships show that chuldren whose teachers are wasy
triendly, and encouraging tend to be better adjusted than those whose teach
ers are cold, aloof, and cntwcal {181} Research i the field of character edu
<cation shows that teachmg methods have much to do with whether or not
character traits developed m one sttuations wall transfer to others {115) ‘The
possible cffects of “commumty hnstena” on the football or bashetball vat
sity player have often been hunted at, but never really studied

The apparent wmeonsistencies of findings 1 the same study as well as con
flicting findings m dufferent studics perhaps may be partally accomnted for
on the basis of several factors related to the mstruments used and mterpreld
tions of statisheal results {2) On different personality tests the same it
names are frequently used for entiely different constellations of behavot
pattemns (52) (2) Some tests seom to tap different * levels” of personehly
than other levels {97), so that one test may be getting at unconscous fec
mgs, another at conscrous feehngs, and a third at feelings translated mto a¢
tion These would not necessanly be 1 agreement For example, uncoh
scrous  aggressive mpul may not be translated into aggressne achion
(3) An wdnidual whose adjustment 15 being evaluated by different means
may not appear the same to Ins teachers, s peers, and humself In sited
tions where teacher ratings and self apprassal techmiques are wsed, it maght
be expected that the results would not be i entire agrecment {4) Becs?
of the compleaty of the concepts of mental health and adjustment and the
smpracticabilaty of attempting to evaluate them - o

studies have dezlt with different fare ¥
relations between t1 - ¢
with ma ’

12

wu (5} Vamng mtepr®
. statistics For example, the resolts of the
» and dehnquency made by the Clucago Reercatiol

m ui {162) hae been mtcrpreted as wndicating both that super

t

s n Com
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recreation can help prevent delinquency, and that 1t has no effect on the
d of delinquency (6} Cc or correlatton are often mis
takenly interpreted as mdicating a cause effect relationship between two
vanables, whereas m some mstances causal factors may include uncontrolled
factors other than those being studied
Despite the confusion 1n the picture, 1t 15 fauly clear that certain condi
tons must be met f programs of exercise and sports are to make positve
contributions to mental health and social adjustment Among these cond:
tions are the followng (1) The activities should be such as to encourage
the development of orgamic health (2) The actwity program should be
avarlable to all, and not to just a small, select group of super athletes ’
(3) Activities should be geared to mndividual differences 1o ability and mter
ests (4) Physical education teachers and coaches should avoid profes

v o
system of values and toward meeting the unique, ndividualized emotional
needs of each member of the group

In order to clanfy the picture with reference to the relation between ex
ercise and mental health, more research 1s needed The following suggestions
are offered (1) Do mote studies with gicls and women as subjects (2) Do
some expenmentng with mdondudlly prescribed exercise to meet the emo
tional needs of speaific children and adults (This type of expenmentation
1s being done by corrective therapists working with adult patients in mental
hospatals
Or recreat:
can be cor o . . .
many studres wolving explorations of relationships between exercise and
different speaific aspects of mental health and adjustment, rather than rely
g on an ommibus or shotgun * approach to the problem of assessing men
tal health This would lead to a more accurate picture of the specific effects
of certam actvities or methods of teaching The sociometne stodies of so-
cal status represent one type of study of a specfic aspect of adjustment

(5) Use several instruments for measurement of each particular trait beng
- " “arent aspects of ad

, and that the data
such as the MMPI,
which 15 terpreted 1 terms of profiles” and nterrelationships among
factors, attempts to demonstrate the effect of exercise on the scores for
dnidual factors would be expected to yreld negatne results ) (7) Plan more
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Motor Learnng'

SUMMARY

Some sigmificant research on motor learning was done by James and
Thorndike around the turn of the century Honerer, World War II stumy
lated considerable research because of a need to teach men to manipulate
the wnstruments of war This work has been continued, even takang nto &
count extraterrestrial conditions, as preparations are bemng made for the &
ploration of outer space Still, many imporiant questions remar for fu
ture research to answer

Review of the psychological and physical education journals sndicates lit

f 0 e o
phenomenon, describing 1t, setting up conditions for its rephcation, then
devising a system which summanizes, mtegrates, and explams the facts the
physical educator appears to place greatest emphass on fact finding o
measuring devices In other words, the physical educator's research 15 a
parently not theorctically onented Moreoser, the two disciplines sem to
Lack awareness of progress and problems in each other’s areas, even thought
1sabsurd to suppose that they have no reler ance to cach other

It 15 generally held by psychologists that both verbal (te, symbol manfr
ulation) and motor learnng follow the same gencral laws and the phe
nomena of cach may be explamed by a single system Howerer, some phe
nomena of learming show up better where verbal or motor 76dCtioTs @
studied, and therefore the dichotomous terms are qustified on gmunds of cot

*Thus chapter is prumarily 2 seview of the rescarch (of the past ten years) o8 B

Icarning 1n physical education and psychol 3 explanation beyond the 116 5
provded meldly o gue a fame of ot T

6oo
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vemience, even though the psychology of motor learning 1s one with the psy
chology of learming

In this chapter learning theory 15 discussed n relation to systems which
have been evolved to predict behavior over a wide range of conditions, and
n particular the work of Hull 1s noted
Measurement of motor learmng 1s discussed with reference to major prob
lems, includ, d. te use of fer i as well as specific pro
cedures that have been utilized, 1, statistical analysis of existing tests new
medsures of motor learmng prediction of performance, factor analysis and
medsuning devices to examune theoretical constructs

Factors significant to motor learming are outlined and have to do with
{1) charactenstics of the matenal learned, (2) charactenstics of the learners,
and (3) the mode of prescntation of the material to be learned Each of
these 15 dealt with in terms of general considerations and recent develop
ments Taken into account are such matters as mearngfulness of the ma
tenial to be learned and transfer, physiological state, age, sex, mtelligence,
and race of the learncr, and distributed and massed practice and whole-part
learmng

INTRODUCTION

Around the tum of the century some sigmficant research was begun to
eplore the phenomena of motor leaming The pioneer research was done
by James (36) and Thorndike (70)

World War II shmulated derable research nec d by the practi
cal consideration of solating and 1denbifying the vanables sigmficant n
teaching men to mamipulate the instruments of war At the present tlm:

,
methods of measurer ‘means of handling data, and theoretrcal systems

In a recent papeJr (presente]d to the College Physical Education Assocxa;]
tion Convention, January 2, 1956), Henry reviewed the nceds of rcsca:lcl
on motor learming In this review he pomted out that we are profoundly
'gnomant as to the quantitatne aspects of learming 1 our imstructional
classes He hypothesized that the reason flnr this was not a lack of mm;surfi
ment techniques, but lack of mterest and ‘unwillingness to do the hard an
detailed worl. that 15 necessary o secure the extensive information that s

needed ’
He went on to say * It may be hoped that in the neat five or ten years we



60z GRANVILLE B JOHNSON, JR

will see the publication of basic data on the day by-day and week by week
improvement of students i our classes, at various age levels and for tpied
teaching techmques  [Italics added] He pointed out that the emphasis
should be on  what 1s actually happering in the cluldren rather than st
the techmques we use to teach them Of course new evaluation methods
would necessanly be developed *

He mamtamed that general problems basic to our cumicular philosophzes
nced diect attach He gave as a major example the question of specifiaty

To what extent are we yustificd m believing that there 1s a quantitatnely
mportant general factor of motor learnmg ability? If we are forced to a
mulbifactor theory, how great 15 the speeificity, and does 1t vary with age? To
what extent are learming curve maxima (plateaus) related to age, to sex, and
to our own teaching methods?

Henry stated that positve and negative transfer and specificity of transfer
need rescarch as do the mental versus motor aspects of motor learmng
He further specified that laboratory nvestigation, with 1ts potential for
greater control, needs cmphasis i arcas requining more precise definhon
and which lend themselves to finer evaluation

A review of the rescarch on motor learning reported m the joumnals of
psychology and the journals of physical education mdicates httle overlap m
interest areas methods of approach, or goals

The psychologust seems concemned with motor Icarning primanily because
1t 15 an aspect of what appears at present to be the most sigmificant and the
most perplexing rescarch area of human behayior—that of Jearning The
physical educator 1s also vitally mterested 1n motor learming because 1t forms
the very heart of his subject matter that physical education 1s at Jeast

the adequate traming and devel p of the body stself * (48,302)

The major emphasis of the psychologist 1s placed on the obsenation of 2
phenomenon, descnbmg i, setting up conditions for its rephication, then
devising a system which summanzes mteorates and explans the facts The

this sequence and cmphasizes
lanation
- \u,zgectcd m his pubhmhons)
appears to place greatest emphasis on fact finding, with of course consider
able attention devoted to measunng devices meluding factor analysis Some
of hus research 1s brlhant but apparently not onented or systematized with
reference to theoretical considerations

There 15 one (perhaps distressing) feature which 15 apparent this 18 the
seeming lack of awarencss which the two disciphines have of the progres
and problems 1 the others area It 15 rather absurd to suppos¢ that the
methods of attack, of measurement, of analysss, of mterpretation 1 e
psychological laboratory, do not have some relevance (transfer if you wall)
to the physical education laboratory, and vice versa The attitude that ther®
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15 a dichotomy 15 expressed by Henry (29)  Psychologists accept the spec
tficity of transfer of motor shills, we do not, eventually we will hase to
change our concepts or show adequate evidence for retaining them ”

Dermvrrion

Waters i psychology, education, and physical education rather consst
ently use the terms “verbal’ and ‘motor” learming n a way that would sug
gest to the casual reader that there were two hinds of learnmg—one kind
wsolving thought or symbol manipulation, and the other, body S R associa
tion

At the two extremes, the dichotomy appears justifiable The sumple cond
tioned reflex with synaptic connection mn the spmal cord and overt body
movement as effector, operating independently of influence from the higher
neural centers, fulfills the requirements of ‘learning  defimtion, yet 1s quite
distinct from verbal mfluence “Most of the research on conditiomung, al
though usually treated as a field i wtself, belongs properly under the head
1ng of motor learning’ (3,23)

Abstract symbolic manpulation, too, has its motor component (tension,
subvocal speech, physiological changes in metabohsm, ete ) but this latter
1sat munimal Tevel

It 15 generally held by psychologists that both verbal and motor learnings
follow the same general laws and the phenomena of each may be ex
plamed by a single system

Anotable exception to thus pomt of view 1s held by Tolman, who suggests
that there arc at least six kinds of learmng (1) cathexes, (2) equnalence
belefs, (3) field expectancies, (4) field cognition modes, (5) dnve discnm
mnations, and (6) motor patterns The first five are Gestalt onented while
motor patterns are S R (72)

Another justification for the use of the dichotomous terms 15 that some
phenomena of learning show up better where verbal or motor reactions are
studied For example, remniscence (1€, the improvement of performance
of mcompletely learned matenal after an mterval of time), though mam
fested in verbal matenal 1s shown to much better advantage m motor There
fore the phenomenon studied will suggest the medium of a’!)proacjx ,

It may be stated, then, that the use of terms "xelrbal and’ moh‘)'r’ are
1ushified on grounds of convemence just as Jung's ‘ntrovert” and ;xlm-
‘et terms do not imply bimodality but mercly pomnts along algr]z nent;
and that the psychology of motor learming 15 one with the psychology ol

Tearmina

o

*Sigmificance determimed by attention given st by research workers
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the salient and recent research in each area pubhished m professional joor
nals of psychology and physical education There will be no aitempt to
review the entire area of learning The matenal covered here 15 merely e
flective as tevealed by published research, of the areas of interest held by
students of motor leaming

The studies which have been done fall roughly mto the followng cate-
gonces

—

Learming Theory

II Measurement

HI Tactors sigmficant to motor learming
A Matenal learned

B The learner

C Method of presentation

LEARNING THEORY

The scientist 15 constantly attempting to discover relationships between
operatronally defined varables and to evohve a theoretical system which wil
make possible prediction of behavior over a wide range of conditions The
more precise the prediction the more destrable the theory but the mor
vulnerable it 1s to empinical refutation

The learning theories of Thorndike, Guthre, and Tolman are 'genﬂa] u

. . . o .

At am 1 onr

which though widely attacked by ps)cho]ogxxrts resist explanation and 95
tematization—distubuted practice and reminiscence These o pha"”:'

o 1 1 .

arcas throughout this paper o
Bnefly, Hull’s Performance Inhibition Theory suggests that both mass
and distnbuted practice yield an hibitory potential (IR) which reduce
the work output of the orgamsm IR, developed dunng unspaced Pf-‘“‘lf“
1s composed of ‘reactive mhtbition ” and “condstioned shibition” (51 b

* For a detailed statement of these positions the reader ss seferved to {12 51 6
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but distnbuted practice y1elds less mhibition hence 1s more efficient i learn-
g (35)

Modifications or extensions of the theory are necessaty to account for such
phenomena as remimscence (39 40,41)

Hull's prediction that IR and SIR contbute equally to the total mhibi
tory potentzal was tested by reviewing existing motor learming studies The
results of the studies supported the prediction 1f allowance for * warm up”
was made (6)

Kimble’s modification of Hull's Performance Inhibion Theory was
found adequate 1n the explanation of certan charactenstics of the motor
learning curve not explained by other existing theones (78)

Several recent attempts at evolving theories of motor learning to explain
specific phenomena have been made For example, an attempt to explan
the phenomenon of remmiscence was made by Amons i 1947 (2) The
purpose of the study was to develop a theory of motor learning directed
pumanly toward mcorporating and spaced pt ma
sngle system The technique mmvolved making assumptions denved through
analysis of certain charactenstics of rotary pursuit performance curves

MEASUREMENT OF MOTOR LEARNING

Any field has difficulty measuring factors which are not operattonally de
fined In physical education, for example, the early hterature 15 found to m
clude such terms as “motor ability,” physical capacity,” “athletrc ability,”
“motor capacity,” “physical shill, ‘motor educability,” 1n a rather indis
tnminate manner Relability and vahdity, too, have vanant defimtions
Relability of scoring refers to the consistency with which a test has been
scoted, 1€, R = Score I 1 Score 11 Test relability refers to the consistency
of performance on a test This statistic may be found, for example, by the
test retest method, by admmustration of two forms of the same test, or by
spht halyes, but n general the reliabihity of a test 15 2 vanation of R = Test ¢
e Test

Validity 15 a measure of the relationship between the measunng and 1ts
cnterion (V = Test score r Cntenon) The chotce of the cnitenion presents
the problem

A valuable tool to correct this condition and to gie real meaning to test
g 15 by the use of factor analysis This process 15 used to reduce to a few
common factors the findings of many ts and 15 2
which makes 1t possible to ascertam what 15 being measured and gnes in
quantifiable terms an operational definttion of vanables under analysis
Research workers physical education have done considerable work using
this device—under the leadershipof C H McCloy (49)

The tecent research 1 measurement of motor learming for comvemence
may be categonzed as follows
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Statistical analysis of cxisting tests

New measures of motor learning

Prediction of performance

Factor analysis

Measuning devices to examine theoretical constructs

[ ST

STaTISTICAL ANALYSIS OF Existing TEsTS

Two articles demonstrate the difficulties to be found m ascertaming 1¢
lability and saliity The rehability of a modification of the Humiston Mo-
tor Abilits Test was determmed by four tral admimstrations and was found
ligh The valdity was denved by correlating with a battery of athlehe
shill tests and wath patticapation 1n extracurricular actities The sigificance
of studses of this type hinge on the choice of cnterra,” 1€, the meaning of

vahdity (38)

The method of scong (eight methods were tried) was found to be sig
mificant m the measurement of improvement on a specific motor skill (s0)

Using one hundred clementary school subjects, Smth found that many of
the existing measures of motor abibty differentiated sigmificantly fast and
slow learners of two motor learning tasks (64)

Facror Ansrasis

Factor analisis a stabistical techmque which analyzes m sumplest tems
the conshituency of comples measurement, was apphed to many tests o

o oo
unprovement (20)

Tests of motor ability, athletic ability, strength, speed, power, agthiy, and
endurance were factoranalzed with 100 Tugh school girls as subjects—
general factors were 1solated and 4 specific factors of motor leamng wei¢
1dentified (38)

Stxteen factors were obtamncd from intercorrelations between printed tosts
and motor learning situations but appeared to be 1 gencral speafic to the
situation (57}

Tactor analysis applicd to arm hand precsion tests wdentified three specifc
factors (62)

1 Steadiness and precision 1mvolving spatril components mn two 0f more
planes

2 Preaision of movement ina restucted plane

3 In\oluntnrymmcmcntoﬂxandornrm

Ten basic factors mvahed m motor ability were 1dentified from forty Pg
formance tests admimistered to on¢ hundred Awr Fosce recruits The 40 P
formance tests mncluded Ppurswit rotor, reaction time, balance, cte (z4)
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New Mrasures oF Motor Lesrnine

A psychomotor scale for children mtended to measure manual ability as
expiessed by five psychomotor components was adopted to Amenican stand
ards from the European New norms were derived (76 )

A maturational scale of motor ability was presented m the Vineland adop
tron of the Osertsky tests {1.4)

* Dynanuc balance * purportedly reflecting present status of motor abilities
was measured by a test which required the subject to walk, balanced on
beams which became progressively narrower as the test became more elimi
matwe Standardized techniques made possible a hughly rehable sconng pro
cedure Standardized norms were derned, using a wide range of school age
chuldren (59)

PrepicTion oF PrrrorMANCE

When two factors are mterrelated, a regression equation may be denved
which will male possible prediction (with error determmed by vanability
the two factors, size of sample, and the degree of relationship between
them) of one from the other

All the measuning devices can predict the cutenon 1if ther vahdity has
been determined—but some use face vahdity, which precludes accurate
prediction of a specific behavior A test purporting to measure  balance,
for example, can predict performance m another actvity 1f the relationship
between the other activity and balance as mcasured by that test has been
determined

Complex coordination tasks were predicted better by mtial performance
on the task thad printed tests of simple psychomotor tests Or, the whole tash
Wwas a better predichon of itself than an analysis of the potentialities making
up that whole (1,77) The problem of specificity 1 concerned here

Henry found that jump, speed of arm movement and balance were vahd
measures of motor educabrhty m a study where the mmtzal skl of the sub
Jects was made a constant by statistical means (30)

New Measurmve Devices To Exanine THEORETICAL CONSTRUCTS

Seseral new devices were developed and analyzed to measure speaific
Problems of both theoretical and practical nature Reference 1s made to a

few (23,45,80)

FACTORS SIGNIFICANT TO MOTOR LCARNING

In general there are three vanables to be considered in the lcamxgg o:
motor sllls (1) the matenal Jeamed, (2) the leamer, (3) the mode o
Presentation of the matenal to be lcamed These categones are for comven =,
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tence of classification only and cannot realishically be dissociated We can
sider 1 of motor ] g, for ple, as a charactenstic of
the matenial leamed and find 1t affected by the mode of presentation and by
charactenstics of the learner

Despite the hatations of this classificatton, a bref suney of these thee
areas follows

CIARACTERISTICS OF TuE MATERML LEARNED

In learmng matexal predommantly of a verbal nature there 15 consider
sble vanabihty quabtatnely and quantitatnely within the task stself The
materal may, for ple, be gful or gful, fanmhar or
new, shost or long the composite parts c I or d, ete
The efficiency of perceptual motor Jearming, too, 1s modified by certan chat
actenstics of the matenal learned but to 2 lesser degree than matenal pre
dommantly verbal

A chamactenstic of the matenal to be leamed 1s meanmgfulness I verbal
matenal this can readdly be Mustrated 1 three degrees of meangfulness
{1) nonsense sylables, (2) a senies of nonrelated words, and (3) a s
tence Meanmgfulness’ m motor learngng could be defined from different
viewpomts an andwvidual learns a certamn shill because he sces ts umpor
tance to some phase of his adjustment therefare it has meanwme to um A

prAlEE scquence, brng to conscrousness cues which are sigmificant 10
learmng, ete

The amount of verbal explanation was found to be postiscly related to
the cfficient learnmg of a motor skill which 1 this particular expenment Was
the assembling of a mechanical puzzle (68)
, Verbal mstructions were found helpful 1n letrmne of ssmple motor tashs

sideration i that

) . Jtudy of particular

proviems In the study of speaifieity and generality, for example, dart thios

ing 33 & test of motor shll could not be adapted to the requurements of the

tesearch design because of low ndnadual difference reliability in the leam

iog scores Balance on the stabilometer, caroming a hght ball from a fat

surface to strike a wall target, and the Lambert motor learming test appear
nottohave thys madequacy (56)

Cusrscrrristics o Lesrners
Previous Expenence Transfer mar hn 4 ad 1 v o1 o taarn no of OBE
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old response to a new sitwation, or an mhibitory (negative)—the leaming of
anew response to an old situation

‘Transfer was first explored objectnely by James (36) and later by Thorn
dike and Woodworth (71) m expenments which disproved the presarling
*faculty” theory

The sigmficance of transfer 1s seen in the fact that practically all learning
of averbal and motor nature 1s mfluenced by transfer

Thrortes oF MoTor LEARNING

Theory of formal discipline  According to this early theory the mind
had powers or “faculties” which, ke a muscle, could be strengthened
through exercise Practice in reasomung, for example would assist the indi
vidual to solve m Tater life any problems i olving reasoning The memory,
too, could be tramed through exercise, 1€, memonzing long and difficult
matenal Unhl recently transfer from one motor learning to another was
thought to follow the same general principles, 1 ¢, generahity of transfer was
widely accepted, but the results of recent research mdicate that the concept
of generality of motor transfer 1s as fallacious as generality of verbal learning

Theory of identical elements According to tlus theory advanced by
Thorndike (70) transfer from onc situation to another depends upon the
elements of content, attitude, method, or aim common to the two situations
A person who typed term papers could also be expected to type stencils since
the same skill 15 miolved, but would be able to transfer thus shill to playing
the prano only to the degree that piano playing 15 identical with typing

Theory of gencralization The ability to apply to varymg situations the
ponciples and meanings denved from speafic expenence demonstrates

¢nce, which modifies the problem solsing techmiques in other sumlar situa
tions

Alarge amount of‘r&search on both positive and negative transfer of mo
tor learing has been reported 1n the past few years Negatne transfer has
been studied 1n relation to operation of controls of arcraft where the pilot
would Yearn one set of responses to fit a situation then have to unleam 1t
and relearn another Positnve transfer was utihzed by flight mstructors to
¥educe the hazards of actual fying by actually learing to fly 1n a traner
while on the ground
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A brief resume of speaific studies follows Considerable research has been
done m which the relationship between transfer and task difficulty was m
vestigated Battig for example found that positive transfer from verbal pre
traming to motor performance consistently decreased as motor task com
pleuty ncreased (8) For a summanzation and entical evaluation of recent
studies on the relationship between transfer and task difficulty the reader s
referred to (19)

In another research prelimmary trmming with a pictured representation of
a task was found to be effective in learming a motor skill requinng different
manual responses to ights varying in color and posttion (26)

In a study of 47 hugh school students therc was no transfer from actiities
of table tenms regular physical cducation or special arm exercises to eff
ciency of dimation in coord; d movements (47)

Tt 1s suggested that the decremental effect of masscd practice (see discus
ston of massed and distubuted practice) actually transfers to response s}
tems other than those excrcised This finding was made m a study of 2
groups of 15 subjects cach Group I practiced with the nonpreferred hand
had a 5 minute rest penod then practiced 30 tmals with the preferred hand
Group IT was gnen the same treatment without the five minute rest penod
Group II was found to be inferior with the prefersed hand wlich mdicates
lhellt the cffects of massed practice transfer (42)

m
dren
childi
foot - e

‘Though considerable work on proactnsc and retroactive nhibiton and
facilitation has been done 1n verhal Ter none 1 63? ¢ 1 L
wng
mg {
terference
the Icarning or motor skills are reported (25 46 575)

An mteresting evidence of transfer 1s found 1n a companson of mental
practice and physical practice m lcarnmg a motor shill Physical practice
was demonstrated to be supenor but mental practice was found betlet
than no practice at all (74) However hypnotically mduced ‘hallucinated
practice licited no smproyement (16)

PHYSIOLOGICAL STATE

Theterm  physiological state 1 used here to mclude the mtemal envir?
ment of the leamer and to note any relabionship between motor learning
and this emironment

Considerable rescarch has been reported on the cffcets of vanous digs on
behavior but little on the effects on motor learming
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It has been found m general that drugs of a depressant nature retard the
ate of conditioning but accelerate the rate of extinction while stmulants
have the opposite effect on both acquisition and extinction of the cond:
tioned reaction (32 119~120)

Sigmficant to motor learming are stucies concerned with the effects of
drugs on fatigue Fabigue in most expenments 15 measured 1 part by motor
performance hence s relevant to the learming of motor tashs

An early study evaluating the effect of caffeme on behasior revealed that
caffene increased the mate of tapping and improved the accuracy of typing
A small amount was found to wncrease the speed of typmg while a large
amount tended to reduce speed All doses were found to increase hand
tremor (223

The effect of sleep deprvation on motor performance and the fatigue
countening effects of benzednne and barbiturates were studied (75) Tests
of balance reaction ttme steadiness and marksmanship together with
other tests were adnunistered to a large number of men over an extended
period Benzednine prevented fatigue at the 36 to 48 hour level of wake
fulness but barbiturates (amytol and V12 ethyl B methylallytl) showed
httle effect aver the first 48 hours Schizoid behasior and other psychological
disturbances were noted 1 numerous cases but the subject s behavior re
tumed to normal ater a penod of sleep
( The fatigue reducing effects of benzednne are supported in other studies

13)

The effects on psych perf (pursuit d tapping
fate) of exposure to hypoma high altitude and hyperventilation were
studied It was found that the level of performance was reduced for altitudes
over 18 coo feet only because of oaygen deficiency Supplemental oxygen
even at 35 ooo feet brought motor performance back to normal (59)

INDIVIDUAL AND GROUP CHARACTERISTICS

The 1ndividual and group differences sigmificant to motor learming have
recened considerable attention by research workers The svanables constd
ered here are intelligence (education) age sex and race The relationship
between personahty factors and motor learing m individuals and groups
has been little explored up to the present time although 1t appears a frustful
Ty h m ather psychology or

There has however been relatively little xes(‘earf h h .,.P )’ hology ot
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Ace
Age, per se 15 sigmficant only 1 so far as 1t 15 assocrated with increment
and d of the physiological and psychol 1 bases of learming

A teview of the tesearch on learning as a function of age concludes w
general that the ability to leamn 1s present before butth (e g, sumple condi
tiomng as demonstrated by Marquis) and increases with age through the
first two decades of hfe (51,535) Thus latter, however, 15 not supported by
Munn who interprets the research as indicating that mmprovement from
prachice 1s not directly related to age (53)

The ability to learn motor tashs appears to dechine from matunty to old
age as 15 shown companng young subjects with old 1n learmng to performa
coordinated movement by direct vision and mirror vision (58)

Recent rescarch on motor learning would tend to support Munn's post
tion, for it was found that the amount of learming to a considerable extent
and the rate of learning to some cxtent favored 10-year old boys over 1§
year-old (31)

Sex

The general conct ding the diff between the two sexes
m ability to learn 15 that mnnate differences may be present but reseatch has
yet to dissociate their effects from those of learming  Mamifest differences
may be attnbuted to factors of physique (size and strength) and to duffer
ences in motnation and expenence, culture, cte Posttive transfer may o8
tnbute to these diffcrences The suggestion that no biological differente
enists 15 demonstrated in studies which report an imhal motor supenonty
of boys whach 15 reduced to msignificance by practice

A longitudmal and cross sectional study of boys and guls showed that
motor coordmation as measured by the Brace tests followed a pattern of d¢
velopment 1n boys similar to growth 1n standing height Carls showed hitle
change after the thirteenth year {22)

A study investigating the effects of traming 1 ball throwing of young chl
dren showed the supenonty of boys over gurls and the increase m ability 3
agemcreased (21)

INTELLIGENCE

'I“ gcn'cral research findings consistently mdicate a low but rather positie

p between mtelligence and motor learmng These conrelafions

however, range from 10t 70 They present too 2 significant problem 1
semantics

' -ucaal here Porteus and others used

4
£ e= ~w s gesct and motor leamning 15 reported &
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over 70 where “intelligence” 15 measured by the Otis Gamma and motor
learming by a finger maze (67)

Anather study noted the supenonty of college men on the Minnesota Rate
of Manipulation Test to the population norms It was hypothesized that
mottvation, not mtelligence or social competition was the significant factor
(61)

A study designed to evaluate the qualitatne and quantitatne differences
between college students and mental defectives revealed that college stu
dents were supenor and that both groups showed better results using dis
tubuted practice over massed (10)

Race There 15 no defimtive research which mdicates real differences
motor learming ability between so called “races” Lattle recent research has
been devoted to this (15,28)

One study showed that Negro children were superior to white norms 1n
gross motor development Although this factor may be significant to motor
learning 1t probably 1s not a function of race but of the degree of permussne
ness assocrated with homes of lower socioeconomic status (79)

CHARACTERISTICS OF PRESENTATION
OF PERCEPTUAL MATERIAL

Mepia
N stimula
Tearning
of more

than one medium 1 apparentl; supenor m general to a single medim be
cause of this facitation The mode by which the stimulus 15 presented prob-
ably has Little sigmificance 1n learming (51,484-485)

The method of presentation of perceptual motor matenal, howewer, ap
Pears sigmificant m learming effictency as found 1 maze learning where fin
&er contact was supenor to stylus contact, y1elding probably greater nforma
fion

Visual cues were found supenor to verbal and verbal supernior to hines
thetic m learming a lev er positioning habut (7)

Trammg films were found effectrve 1n the 1
the folloy, ing circumstances (81)

earning of knot tying under

! Verbal description was present but not Jetailed to a pomnt where it con
N

active were

2
thurd person

C e verere i an g
Passive was least effective daftertt
3 Sound ahead of the picture was supenor to sound atters
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Film demonstration of motor shills was found almost equal as a teaching
device to actual demonstration and coaching (27)

When ‘Ine” and “Alm "taught groups were compared on the Metheny
Motor Skills Test, the “hve-"taught were significantly supenor to the “flm
taught The projection methods and film loops were found better than
nothing (53)

DISTRIBUTED PRACTICE

Distributed practice has generally been found more effectnve than massed
practice 1n learming motor shills The amount of supenonty, howerer, ap-
parently vanes with the indviduals nvolved, with the specific motor task,
and with the vanation of practice times constituting the “distrsbution” of
practice

Several hypotheses have been tendered to explam the research findings
concemed wath distnbuted practice (51,171-193). In general, distributed
practice enhances learming under a wide range of conditions but no single
hypothesis adequately explains this finding possibly because 1t 15 founded
on no smgle st of conditions

Phenomena resulting from vanously distnbuted practice m studies of
motor learmng are best accounted for by reactive mhibstion (51,189,34)

A typical study companng distributed and massed practice was made 1
which two groups of subjeets equal m significant respects practiced a put
suit rotor tash One gioup (distubuted practice) recenved 30 15 second
tuals per day for 2 days waith a 45 second rest penod between each trial and
a s munute rest period at the end of cach 6 tnals The other group (W“Cd
practice} also received 30 15 second trals a day for 2 days but had no mter
val between tnals and only the 5 minute rest penod after each 6 tnals Re
sults( ll’;dlcﬂfcd the consistent supenionty of distnbuted oser massed prac
tice {5

‘Two studzes show that the mtroduction of brief rest peniods 15 particularly
beneficial at the onsct of motor Iearning (9,65)

It has also been found that, general, but considerably dependent upo?
the particular task, longer rest penods must accompany longer peniods of
Ppractice for optimum learning (73)

Bulateral transfer of the negative cffects of massed practice has been pié
viously discussed 1n this chapter

A considerable number of other rescarch articles on distnbuted practict
1 motor learning were published 1 recent years 1 journals of psycholog}

WHOLE PART LEARNING

A summary of studics of motor Icarning concerned with whole and part
methods of presentstion mdrcates that the whole method of lcammgl;
better for subjects who are more “mtelligent,” arc more mature, and a7
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more practiced 1 whole learmng For practical purposes a combination of
whale practice with repetition of difficult parts appasently increases eff
aency for both verbal and motor Icarning

The defimition of ‘mtelligence here 1s significant Intelligence to Jeam
materiaf of a perceptual motor natuse, 1¢, motor educability, would best
predict performance using the whole method 1n the learmng ot motor skills
Academic ntelligence, however, has been found associated with the learming
of motor skills as previously discussed The whole method of learming nfe
marksmanship (sfowfire} was found superor to the part method but the
whole method was not supenor to the part method 1 sustamed fire eacept
for subjects of supenor mtelligence (52)

Ancther question of defimbhion anses what size shonld the whole’ be?
This apparently 15 an mdwidual problem A person of higher mtelligence
or motor educability would be able to master an mtricate dance step better
than 2 person of lower aptitude Quite possibly a camplete routme would
constitute a whole for the former while the latter would constder the routine
2 composite of wholes and learn them separately Putting these together
into a mearngful pattern, howeser, 15 a time consuming and difficult task
Of course, some tasks would be brohen up mto meanmgful wholes by
even the most skilled

Tha . £

L
entabion, two conditions of shmulus presentation i learming a perceptual
motor task were compared In the first condition the subjects were given 2
total amount of time with 2 number of tasks to perform In the second con
dition they were presented with the tasks indiidually and forced to react
withi a restncted fime ot The over all result mdicated a sigmficant su
Penonty of the second condition (17)

Little recent research has been reported on whole part leatning i phys
cal education settings The conclusions of the older studies (28,62) and the
more recent {43) are m general that the whole method 1s superor to the
Part methods of presentation “

In the xecv:ntps\udy the whole method was compared with the “whole
direct repetitine method ” Each part was demonstrated, described, demon
Strated, then practiced to the ¢ntenon in teaching basic gymnastics and
tumbling stunts to male college students In general, no statishically sig
msficant gveral]l differcnce i learmng was mamfested between the twa
methods

REFERENCES

rmances at adsanced stages of traning

f
! Adams,] 4 The predetion o UAF, Hum Resour Cent, Ree Bull,

on 2 complex psychomotor task us.
1953, IV, 5259



616 GRANVILIL B JOINSON, JR

2 Ammons, R B Acquisttion of motor shill I quantitatne analysis and the

- ow

v

o

1

w

5 ©

.
o

oretrcal formulation Psych Rev, 1947, 54, 263-281

Andrews T G Methods of psychology New York Wiley, 1948 P 23

Ashbrook W P Espenshade, Anna, & Cozens, I' W Physical education
Encyclopedia of Edi IR h (Rev ed ) New York

Macmullan, 1950

Barch A M Permancnt work decrements i the performance of a pursut

task ansing from short perods of massed practice USAF, Hum Resour

Res Cent Res Bull, 1952, 52-2

Barch A M The relatne contnbution of 1R and SIR to the total inhibitory

potential Motor Skills Res Exch , 1952, 4, 27-31

Battig W T The effect of hiesthetic +crbal, and visual cues on the acquist

tion of a lever positiomng shill | exp Psychol, 1954, 47, 373380

Battig W F Transfer from verbal pretramng to motor performance as a

tunction of motor tash complexsty [ exp Psychol , 1956, 51, 371~378

Bell, H M Rest pauses 1n motor learning as related to Snoddy’s hypothesis

of mental growth Psychol Monogr, 1942, 54, No 1

Boldt R T Motor leanimg mn college students and mental defectnes Proc

fona Acad Ser 1955 60, 500-505

Briges G E, & Brogden W | The effect of component practice on per

'
. 4
)]

sulfate) on perfe e I a o h P

] Pgchol, 1939 8, 165-216 :

Casse] R H Thke Vineland adoption of the Oscretsky tests Trammg Sch
Bull 1949, suppl ser 1, 1-32

Codwell, ] T Motor function and the hybridity of the Amencan Negro
J Negro Lduc 1949, 18, $52-464

Cooper, L ¥, & Tuthill, C E Time distortion 1n hypnosts and motor learn
g | Psychol 1952, 34, 6776

Craig E A Perceptual motor task achicvement under two conditions of
stmebred -7 - "

Cros

and NN > -
quart 193-, 8, 4954

Day R H Relatne tash difficulty and transfer of trammng m shilled pet
formance Psychol Bull, 1956, 53, 160-168

Degardin E Etude entique des echelles de motncité Travail hunt, 1949
12, 215244

Dusenberry, Lois A study of the effects of tramng mn ball throwing by chil
dren ages thrce to seven Res quart Amer Ass Hith, 1952, 23, 9-14

E de Anna Desclop of motor d i boys and gils
Res quart Amer Ass Hith 1947, 30~44

Far, R G, Russell, C H » & Manon, R, Jr Apparatus for studymg ser
motor leamning Percept mot Skills 1956, 6, 93-96

Fleshman, £ A Dimenssonal analysis of psychomotor abilities | op
Psychol, 1954, 48, 437-454

al



.
M

M
&

N

]

]

& 5 o

e
ES

MOTOR LEARNING 617

Gagne, R M, Baker, K E, & Wyle, R C The effects of an nterfering
task on the learning of 2 complex motor skill U Navy Spectal Devices
Center, Tech Rep SDC, 1949, 316-1-¢

Gagne, R M, & T'oster, Harriet Transfer to a motor shll from practice on
a pictured representation | exp Psychol, 1949 39 342 354

Harley, S F Enaluation of a procedure for using day light projection of flm
loops mn teachung skills U'S Navy Special Devices Center, Tech Rep SDC,
1952, 269-7-25.

Hayes, E F A prelimimary study of an experimental mvestigation of psycho-
motor leaming in African natnes employed underground m certam gold
mines of the Witwatersrand Bull nat Inst personnel Res, Johannesburg
1952, 4(1}, 4353

Henry, F M Coordination and motor leamming Proc Coll phys Educ Ass

1956, 58, 68-75

Henry, F M Evaluation of motor learning when performances levels are
heterogeneous Res quart Amer Ass HIth, phys Educ 1956 27,176 181

Hemry, F M, & Nelson, G A Age differences and mterrelationship betw een
skill and learming m gross motor performance of 10 and 15 yearold boys
Res quart Amer Ass Hith, 1956 27,(2), 162-175

Hilgard, E R, & Marquis D' G Conditroning and learning New York

Appleton Century Crofts, 1940

Hollingworth, H L The influence of caffesne on mental and motor efficiency
New York Science Press, 1912

Hull, C L Prnciples of behavior New York Appleton Century Crofts,
1943

Hull, C L Essentals of behavior New Haven Yale Umwver Press, 1952

T LR .

guls Res quart Amer Ass Hith, phys Educ & Recreat, 1956, 27, 310~
1

315

Kimble, G A An expenmental test of a two factor theory of mhibition

] exp Psychol, 1949, 39, 15-23

Kimble, G A A further analysis of the vanables 1n cyclical motor learming

[ exp Psychol, 1949 39, 332-337

Kimble, 523 A ,Pc?formax;ce and remumscence 1 motor as a function of the

degree of distubution of prachice | exp Psychol, 1949, 39, 500-510

Kimble, G A Transfer of work mhibition 10 motor learning | exp Psychol,

1952, 43, 391-392

Knapp, C G, znguon, W R Learnmg to juggle 11 A study of whole and

part methods Res quart 1952, 23, 398-401

Leavitt, H ], & Sgllosberg H The retention of verbal and motor shills

[ exp Psychol, 1944, 34, 404-417

Lewss, D' Devices for studying

¥l The double dish pursuit apparatus
ech Rep, SD . 57-2-1

Lewss, Def éhepgdl?9H5,7& Ad;zms, J A Eudence of assocatne mterfer-

€n¢e m psychomotor performance Science, 1949, 110, 271-273

m psy L ¥
US Navy, Special Devices Center,



618 GRANVILLE B. JOHNSON, JR.

47

%

4

4

S

5

°

w

=
4

53

54

55

5

3

59

6o

[3

6

4

[3

o

6.

&

6

w

Lindeburg, F A A study of the degree of transfer betw ecn quickening exer
cises and other codrdinated movements Res quart Amer Ass Hith, phys
Educ & Recreat , 1949, 20, 180-195

McCloy, C H “How about some muscle?” | Hith G phys Lduc, May,

1936

McCloy, C H, ¢ " . and
physical educatio

McCraw, L W A « weye s v suslugds OF SCOTINg tests of motor

learming Res quart Amer Ass Hith, phys Educ, 1955, 26, 440-453
McGeoch, ] A, & Inon, A L The psychology of human learnmg New Yoik
Longmans, Green, 1952

McGugan, F |, & MacCaslm, E F Whole and part methods i leaming
a perceptual motor shill Amer [ Psychol, 1955, 68, 658-661

Munn, N L Learning in Children In L Carmuchael (Ed ), Manud of
child psychology New York Wiley, 1954 P 395

Murnm, ] A, Hayes W, & Harby, § T Daylight projection of film loops
as the teaching medum i perceptual motor skill traming USN Special Der
vices Center, Hum Engng Rep SDC, 195z, 269-7-26

Nelson, D O Studies of transker of learming m gross motor skills Res quat
Amer Ass HIth, 195~ 28, 363-4~3

Nelson, G A Duffcrences between 10- and 15 year-old boys m motor Jeam
ing and specificity of transfer Unpublished doctoral d Unner ©
Californaa, Bereley, 1955 From F M Henry address presented at Colleg
Physical Education Association “Specificity vs Generahity in Learning Moto
Skills,” Jan z, 1958

Roff, Mernll, Payne, R B, & Moore, E W A statistical analysis of the p2
tameters of motor learning USAF, Sch Aviat med Proj Rep, Proj Do
21-0202-0001 (Rep No 1), 1954

Ruch, I' L The differential effects of age upon human Jearning ] gn
Psychol, 1934, 11, 261-286

Scow, ], Krasno, L R, & iy, A C The immediate and accumulatne effect
on psych perf of exp to hypoxia, high altitude and hepet
rentilation | Awiat Med, 1950, 21, 78-81

Seashore, H G The Develop of a beam walking fest and afs use I
measunng development of balance in children Res quart Amer Ass sith
1947, 18, 246-259

Scashorlc, H G The supenionty of college students on the Minacsota natedk
mampulation test | appl Psychol, 1947, 31, 249-2

Secashore, R H, Dudlq’j r ? & ]{al?z‘:r/m:, \V4%_f:c3mml analysis of 2@
hand precision test | appl Psychol, 1949, 33, 579~584

Shay, C T Progressne part vs the whole method of learning mo!
Res quart, Amer phys Lduc Ass, 1934, 5, 62-67 o
Smith, J A Relation of certamn physical traits and abilittes to motor learig
m elementary school cluldren Res quart Amer Ass Hith, plys Edues
1956, 27, 2:0-228

Snoddy, G S Lhidence for two opposed processes sn mental growth Lan
caster, Pa Science Press, 1935

tor shils



MOTOR LEARNING 619

66 Stanley, W C, & Schlosberg, H The psychological effects of tea | Psychol,
1953, 36, 435-448

67 Stolurow, L M (Ed ) Readings in learming New York Prentice-Hall, 1953

68 Thompson, G G, & Witryol, S L The relabonship betneen intelligence

and motor learnmg ability as measured by a high relef finger maze

J Psychol, 1946, 22, 237-246

Thompson, L M The role of verbalization n learming from demonstrations

Doctoral dissertation, Yale Unnersity, 1949 Cited by C 1 Hoveland,

Human leaming and retention In S S Stevens (Ed ), Handbook of expent

mental psychology New York Wiley, 1951

‘Thorndike, E L Educational psychology New York Teachers Coll Colum

bia Unner, Bureau of Publications, 1913

7t Thomdike, E L, & Woodworth, R § The mfluence of smpros ement n one

mental function upon the efficiency of other functions Psychol Rev, 1901,

8, 247-261, 8, 384-395, 8, 553564

Tolman, E C There 1s more than one lnd of learmng Psychol Rev,

1949, 56(b), 351-369

73 Travs, R C The effect of the length of the rest period on motor learning
| Psychol,, 1937, 3, 189-194

74 Twining, W E Mental practice and phystcal practice tn learning a motor
shll Res quart Amer Ass Hith 1949, 20, 432-435

75 Tyler, D B The effect of amphetamin sulfate and some barbiturates on
fahigue produced by long wakefulness Amer | Physiol, 1947, 150, 253-
262

o
3

Il
o

~
W

-1
=N

Van der Lugt, M ] A V D L Psjchomator test senes for children for
measurement of manual abiity New York Author, 1949

Vornreich, ] S The prediction of the performance ime of a motor task from
the perf times of 1ts ponent parts Amer Psychol, 1948, 3,

=1
N}

292 21

-8 \Vassezrznan, H N A umfying theoretical approach to motor learning Psy
chol Rev, 1952, 59, 278-28.

Williams, ] ';;{ » Equ’coZt, R 4B Growth and deselopment of Negro mfants
IV Motor development and 1ts relationship to child rearing practices tm two
groups of Negro mfants Child Develpm , 1953, 24(2), 103-121

8 Wimg, C W, & Ammons, R B Measuning rotary pursuit performance by
kymographic recording Mot Skills res Exch, 1949 1(2) 9-12 .
Zucherman, ] V. Commentary sanations level of verbalization, personal
teference, and phase relations m mstrucnona\l films on perceptual motor

-
3

o

8
Pychol Neurol Psychuat , 1953, 14» 3437373



3] JOHN H SHAW AND
HAROLD ] CORDTS

Athletre Partitpation and Academic Performance

SUMMARY

A sunvey of the hiterature on the relationship of athletic participation to
acadermic performance yields conflicting and mnconclusne results There are
just about as many authors who conclude that athletes are acadermcally
superior to nonathletes as there are who believe there 1s no difference 0f
that nonathletes are superior Although almost no research has been con
cerned with the possible relationship of physical fitness and acadermic per
formance what has been done suggests that a positive relationship may extst

Most of the available rescarch on the subject has been summanzed by
Jacobsen (24), Cooper and Davis (8), hyle (30), Kusscll (28), Kremer
(29), and Rarick {35)

Many of the studies on tlus subject are madequately controlled or tico™
plete m their corerage and often the conclusions reached are based 0 pef

B - o

Among the shortcomngs of the research reviewed were lack of umniform
ity i procedure, wn termnology (partscularly m the definito”
of an athlete), madequate equation of groups, madequate samples, relatne
short time span of the studics, and the use of teachers marks, which aré
notorously highly unreliable as the only basis for nterpretng academié
performance

In undertaking further research on the subject of the relationshp of &
cise and/or sport participation to acadenuc performance, it 18 suggested | !
samples should be carefully chosen and equated by chronological 4% yelr
n school, intelligence quotient, and course of study Academic achieremén

620
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should be checked over a three or four year span of time, preferably by two
valid acadermc achievement tests of hugh rehability Teachers’ grades might
also be used for comparative purposcs

Some studies should be removed enturely from the realm of organized ath
Ietics 1n order to more nearly measure the effects of physical activity alone
on academic performance rather than activity plus other things mvohed m
athletic competition A more dichotomous sample mught be employed n
some studies representing a relatn.cly active group physically and a relatnely
mactne group physically, both of which are othernise equated Without
doubt, the recent renewed emphasis on physical fitness should stimulate ad
ditional research on the relationship between fitness per se and acadermc
success

Since relatively few studies imohang girls have been reported, more
studies with such a sample would be worth w hile

As very little rescarch on the cffect of exercise and/or sport participation
on acads h t has been pted n the past 10 years a few

The effect of participation 1n sports on the academic performance of stu
dents has been the subject of many articles and research studies These ef
forts vary from a mere reporting of personal opimons or random obsera
tons 1 a limited situation to a few farly well concenved and carefully con
ducted research projects

Although coaches and physical education teachers are particularly con
cermed with this question, many teachers of other subjects as w ell as admin
sstrators are equally concemed, as esidenced by the hterature available

SURVEY AND INTERPRETATION
OF THE LITERATURE

About half of the matersal available on the subject of sports 1n relation to
academic performance 15 m the form of master’s theses, and the remainder
Tepresent special projects, rcsumes, and a few doctoral dxsscltat;ons S]xlncc
the population 1n most studies was composed of esther high school or colicge
students, 1t secms logical to consider the studies under these two categones

Stubies Imorving Hici ScHoOL STUDENTS
A suney of the hterature on the effect of sports on academuc achicve

ment, using high school groups as a population, shows no c](:mus r:onch:1
S1ons one way or the other There scems to be about as much cvudence of

one side of the question as on the other
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Studies Indicating Acadenuc Performance of High School Athletes to Be
Supenor to Nonathletes The following studues are representatiye of those
ndicating that sports particrpation 1s favorable to academic achievement

Angus (2 83) found that the phystcal effictency of the athlete promotes a
better chance of attaming high scholarshup, and that while the nonathletes
in some instances attain 2 ugher scholastic standing, they probably could
achieve much better standing 1f their physical efficency approached that of
the athlete He further mndicates that the difference 1n scholastic standing
shightly favors the athlete He would therefore adsocate enc g of
participation as a spur to scholarship Scholastic achievement was based
upon grades attamed by 79 athletes and 310 nonathletes

Blum (5 8) found that on the basts of Otis Test scores and semester grade
average, intramural compehitors were as a group significantly supenor to
noncompetitors in the same grade In suneying personal records 1n Manley
High School m Chicago, he also found that mtramural competitors as a
group were ficantly supertor 1n scholarsk p

Ray (36,141) reports that a study of 432 boys in Palo Alto High School
mdicates that physical actity, without consideration of athletic participa
tion, 15 defimtely beneficial both to health as indicated by heght and
weight 1n relation to age, and to achievement, both academic and physical
Mental ability and achievement were measured through use of the Terman
Group Test and acaderme grades, while measurements of physteal ability
and acliesement were obtamed by use of a specially devised decathlon 1
which shills were tested that were fundamental to the Palo Alto actiity pro-
gram He found the athlete supenior i mental ability, as measured by m
telhigence, and more supenor as measured by academic averages Howeser,
as 1 many other studies reviewed, the statistical sigmficance of the findings
was not indicated

Kremer (29,14) m a patticularly carefully conducted five year study con
cluded that athletes evceeded nonathletes schalashieally by ‘over one third

grades of athletes and nonathletes 1n ext}:’cr colleges or Jarge sccondary
schools

Studses Indicating Academic Performance of High School Athletes to Be
Infenor to Nonathletes At least 10 studics reviewed ndicate that the
academic performance of athletes 15 infertor to that of nonathletes Ryan
(40,155) and Cooper and Davis (8,70) summarnize the findings of a number
of studics which give the nonathlete some advantage over the athlete ac3
demically Cormany (9.460) and Eubanks (22,36) reach the same conclu
ston

Tenniman (13,4), 1 one of the few studies involving guls, defined het
athletes as gurls Participating sn a major sport and n the upper guartdle of
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her physical education class, whereas a nonathlete was a gul not participat
g m a major sport and in the lower quartile of her physical education class
The physical educahon rating was gnen by the physical education mnstruc
tor on the basis of a proficiency rating i athletes The grade levels mcluded
in the study were three through six She concluded (13,28) there were 96 8
chances 1 100 that nonathletes would on the average score above the ath
lete, or that the true difference between mean scores of the two groups 1s
somewhat greater than zero m fasor of the nonathletes Lumitations of the
study wnclude small size of sample (44 pupils), grade level of the subjects,
and the fact that the mean I Q of the nonathletic group was 118 while that
of the athletic group wasonly 107 8

Reals and Reess (37,534) 1 a well-controlled study claim to have found
4 substantial difference 1n favor of the nonathlete However analisis of their
data seems to indicate this 1s an os erstatement of the case

Studies Ind; g No Diff m Acade Performance Between
High School Athletcs and Nonathletes Approamately as many studies of
lugh school students tend to reflect no diff m acad

between athletes and nonathletes as support an advantage for one group or
the other Some of the studies reaching this conclusion are those conducted
by Nelson (33,4), Allen (1,36), and Snyder (43,14) Rhodes (39,38), who
reached the same conclusion, makes the interesting observation that athletes
of superior mental abihity seem to achieve less scholastically than do non

ty appear

o studies

v Savu vaury v

L adie - “ -
twenty five studies, or 3572 percent, mdicate equal scholarship, and the
Temaming fifteen, or 21 43 percent, mdicate that the scholarship of athletes

isbelaw that of nonathletes

Stubtes Invorvme CorLece STUDENTS

Because of selectne factors and P sometimes
with college athletres, 1t might be evpected that the high school and college
Situations would be quite different Howeser, such 1s apparently not the
€ase Findings of studies uvolving college and unncrsity students tend to
follow the same general pattemn as those 1molvung high school s!udcntzl
Excellent reviews of the hiterature i this arca were completed 1n 1927 any
1929 by the Camegie Foundation for the Advancement of Teaching ‘g.p,
), 10 1931 by Jacobsen (24), 10 1934 by Cooper and Dawss (8), and m
1936 by Russell (28)

i

e S
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Rvan (40,154), reports that Finlay found athletes’ grades averaged 6590
percent, nonathletes averaged 64 87 percent, but that football players av
eraged 62 go percent This study would indicate that perhaps research on the
effect of participation 1 a particular sport on acadermic performance would
be more rew arding than studying the effect of athiletics generally

Hackensmith and Miller (1999) at the Unnersity of Kentucky, and
Washke at Oregon (47,27) conclude that intramural participants havea
shightly higher mean academic grade than either varsity athletes or non
particzpants

At Smuth College, Somers (4490) found that women students m the
upper g percent of the class who particapated 1n class tcam competition were
shghtly supenor in academic average to the nonparticipants

Cooper and Dawis (8,71) reviewed a number of studies, several of which
mdicate athletes have a hgher scholastic average than the aserage of all
men students Since the athletes are a sclect group, 1t would not be unrea
sonable to expect some supenonty and therefore the comparabﬂlty of the
two groups might be open to some question

Studies Indicating Acadenic Performance of College Athletes to Beln
ferior to Nonathletes  Frequently referred to by wnters i this area 13 the
work of Savage which 15 found 1n the Twent) sccond Annudl Report Dl: the

lete g out of 10 semesters

Glickman (16,44) compared 110 athletes with the entire male student
body of 2500 at Brooklyn College and concluded on the whole that grades
of all athletes reveal lower scholarship status than the grades of the not
athletes They recene more marks of *C’ or C—* and their grades shos 2
str?nger tendency to gravitate toward the passine line

r ~s r

study
In 1939, Hutchinson (23,3) found at Kansas State Teachers’ Colleg® that
nonathletes had shghtly higher scholastic achievement than athletes, 30
furth nonathletes d cated the most consistency m their b
Tasticachievement over a four year penod

1 a4 the
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and umversities and concludes that there ensts Little difference 1n the schol
arship of athletes and nonathletes, although there 15 a shght advantage 1n
favor of the nonathlete One of the most interesting of hus observations 15
that nine different definitions of an athlete were used in these studies, the
most papular being a boy who was awarded a varsity letter or numeral Many
studses farled to indicate the method used to determne the definition of an
athlete

Studies Indicating No D i m Acad, Perf Betueen
College Athletes and Nonathl The following are ples of studies
teporting no difference m academic performance betw een athletes and non
athletes

For the combned school year, Gnffith (18 55) concluded that no differ
ence existed 1n the scholarship of athletes and nonathletes 1n a study of 400
athletes and 666 nonathletes who were freshmen at the Unn ersity of Colo
rado Purdom ( 34,32) finds varsity athletes have the same grade pomt aver
age as the entire student body although shghtly supenior to all men students

Eubank (11,16), 1 an mteresting study, indicates no sigmificant differ
€nce m average scholastic standings of lettermen and those of other college
students He also pomts out the marhed relationship between hugh school
and college scholastic attamment, as well as the positre relationship be
tween high school and college scholastic attainment and football playing
success

Tuttle and Beebee {46,180), Summers (45,48) and Belk {4,25) all pre-
sent carroborating evidence that athletes and nonathletes are approximately
equalin scholastic attainment

Cooper and Davis (8) review eight studies conducted between 1915 and
1929, which report no duff m the acad h nt of athletes
and nonathletes Their studies mclude small and large samples from vanious

vy -
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year at the State Unwversity of Iowa On the other hand, Appleton (3)
found no sigmficant relationship between physical abahty upon entrance
and academic success as measured by academic grades at West Pomnt How
ever, he did find a high positive relationship existing at the lower estreme
of the physical ability 1ange, between entrance physical ability and the
ability to graduate from West Point

Summary of College Studies The evidence presented by vanous studies
on the academic achievement of college athletes as compared with non
athletes 15 conflicting and about evenly drvided between studies indicating
athletes are better scholars, athletes are the equal of other students scholas
tically, and to a somewhat lesser extent that athletes are mnfenor to the gen
eral student body in scholarship There is some evidence of a relationship
between acaderme success and physical fitness, but this refationshup 15 far
from firmly established

LIMITATIONS OF KNOWLEDGL AND SUGGESTIONS
FOR FURTHER RESEARCH

Although there has becn a great deal wntten concernmg the effect of
athletics on scholastic standing, much of it 15 based on personal opinion of
mere obsenation i lmited situations and must be discounted by an ob-
Jectnve evaluator Prior to 1930 few if any of the studies were treated statsst!
cally Jacobsen (24,384) noted this fact along with other shortcomngs
reviewing 17 studies completed between 1910-1929

Even m mstances where statistical techmques have been used, many 28
thors fail to mclude enough mformation to mterpret what 1s given so that
1t would be of practical sigmficance to the reader

1t 15 not surpnsing that the best that can be sad for the eusting studies
15 that their findings are conflicting and nconclusive Their lack of agiee:
ment can be Jargely attnibuted to an estreme vanety of methods attack
ng the problem Lack of umformty

A senous weakness 1n many of the studies was mnadequate cquation of
the groups Many compared a small number of athletes with the remaind¢t
of the student body which might run nto sevcral hundreds or thousands
Groups studred vaned extremely m hind and size Some studies obviously
utilized 1nadequate samples In several instances, as few as 10 0r 15 casts
were mcluded in the total sample Very few studies of this subject have 1n
vohved gutls

Some studies have suffered because they did not take mto account et
formance over a span of years Indeed, many were himuted te 2 smgle 337
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Studies such as that of Savage (41) which compared achiesement oser sev
exal years would appear to hold greater promuse for conclusive mformation

With the exception of the work of Cooper (7), Reals and Reess (37)
and Rhodes (39), one of the major wcaknesses in exssting studies lies i the
subjectivity mvolved n mterpreting acadenmc performance on the basis of
teacher’s marks which are admittedly highly unreliable It must be noted
that all too few authors mdicated the limitations of their work

Inevitably there are several vanables which are difficult to control when
undertaling a study on the subject of thus chapter Therefore 1t seems rea
sonable to assume that a study of a particular mshitution would be most
valuable locally but of hitle sigmificance for any great length of time, or for
another mstitution In undertaking such studies a sample of reasonable
size (perhaps 100 for each group) mught be equated by chronological age,
year i school, mntelligence quotient, and course of study Academic per
formance should be checked over a span of three or four year s time on the
basis of two vahd academic achievement tests of high reltabihty Teachers
grades might also be used for comparatye purpases

In addition to the above suggestions 1t might be helpful to remove some
studies entirely from the realm of organrzed athletics with its heavy demand
upon the time and energy of the participants and 1ts possible preferential
treatment of athletes m terms of speaial tutonng, carefully chosen courses
and professors, and possible preferential grading Studies along these hnes
might reasonably be expected to shed hight upon the effects of physical
actwity rather than actwity plus other things mmolved m athletic compe
tthon 1t 15 not surpnising that m the past most studies have been concerned
with athletics, but we need more studtes hike that of Ray (36) which are
concerned with the relationship of physical actrty per se and 1its effect on
academic achievement It 1s the belief of the authors that studies of this
1oa

the Ou:er DDxffejrenccs, if they do exut,rmlght show up more clearly 1n such
aresearch

FurthErmore, it 1s suggested that some studies imolumng  athletes
should be undertaken wath samples restnicted to particular sports Probably
the effect of football on academic performance, because of relatnely mtense
Penods of traming for several hours daily, w ould have a different effect than

Nt re ke n alymo hichly ar

by Bell F. 3) and Jordan (27), ittle has been done 1n this
area in th(g i;astefg‘l)sglrs(x)fmv r:a{cful]y conducted studes along the above
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suggested lines might therefore be imvaluable m helping to answer the ques
ton of the effect of exercise and sports participation on academic achie
ment
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Sports and the Cultures of Man

SUMMARY

In this discussion emphass 1s placed upon the importance of the study of
sports 1 the cultures of man, for the following reasons (1) to broaden the
persp of the i 1c attitude, (2} to fill a gap n the
kinds of research being undertaken, (3) to promote a deeper understanding
of vanations in cultural defimtions of work and play, and (4) to seek an
understandmg of causes, effects and social controls in the sporis scene

Hustrations are given from the literature of cultural and socwal anthro

pology For example, the ancient sport of wresthing is shown to have per
' ) a legal and

, (2) a part of

e . {4) a demon

;fmtwn of prestige and power, and (5) @ means of wnsunng a successful

arest

In order to lend perspectne to an of the g of sports

i our ewn culture, spectator behavior i other cultures 15 considered, and

the nitualistic function of sports 1s taken mnto account as a cultural phenome

non

Although the hterature dealing with the relationship of sports and culture

slumted, there 1sa growmng awareness of the importance of this subject, and
provides anich field for research by properly qualified persons

In all human socreties, ntuals, festisals, dances, music, pictonal art, sports
and games, not only gune pleasure but 1n addition provide outlets for cre
3ty and remnforce the group identity and sohdanty Such actiaties also tie
closely nto social, religious, economic, and other phases of lfe (28) The
Preceding statements have been amply documented by the rescarch and

633
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wrtings of anthropologssts, ethnologsts, sociologists, histonans, travelers,
missionanies, and others Yet only a small part of this wealth of matenal has
been subjected to study, analysis, and synthests by rescarch workers

Important as all the basic questions are which remain to be solved through
the screntific work yet to be done m ph 8> logy, psy
chology and related fields, their importance 1n no way overshadows the
valuc of the understandings to be sought n cultural research In fact the
multiphaitv of public and practical problems into which culture enters as a
consideration and to which our past culture makes us heur, are obviously at
least as important and as pressing as the problems that are touched by our
biologscal physiques, natures and evolutionary rooting (30)

Whether o not the cultural approach properly belongs m the category of

science 15 still being debated m many quarters For example, one expert

has expressed the opiion that the science of man viewed naturally and
culturally, indnidually and collectnely, biogenetieally and histoncally, 1
an ncoherent conglomerate of mutually ncompatible theones” ( 31},
whereas another expert has argued that behund the apparent law lessness of
soctal phenomena there 15 a regulanty of configuration and tendency which
15 Just as real as the regulanty of physical processes 1 a mechanical world,
though 1t 15 a regulanty of infimtely less apparent ngidity and of another
mode of apprehension on our part (44) Nevertheless, the pursuit of
knowledge which lcads to greater understanding 15 undemiably worthwhile
and rewarding whether or not the particular methods or results quahfy under
a ngid defimition of science

¢

which indwiduals sct up purely artificial obstacles and get satisfaction from
overcoming them (32) We wish to differentiate at this pomt between
sports as a cultural pattern® and the spontaneous activities and random 1B
terests of the young child at play—whether running about, jumping, build
g huts, or throwing objects Both sorts of activities may ongmate from the

ture of courting, mating, marnage, procreation, divorce, and perversions
that have cventuated from the sex dnve’ in man The stark statement that

* Onc explanation of the scate b nf =~ 1 satare in the cultural aspects of sp‘;“:
1ave been so mtently focused on F
cohtoat

wiculum rather than sposts 2$ 2
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man must eat reveals nothing of the cultural pattems of food gathenng
growing, distabution, and consumptton that stem from this simple fact The
same thing 1s true of the play impulse and 1ts farlure to explam m itself the
mamfold forms of games, sports, and contests and thar attendant cultural
paraphernaha

Whether at any grven time i hustory man plays for fun and self expression,
for prestige, power, and glory, for financial gam or political adsantage, his
motnations are to a large degree culturally determmed Whether or not
sports hold a place of esteem as an expression of national pde and strength,
as a respected mstrumentality for propihating the deities or upholding the
honor of the tnbe or the nation, or as an accepted means of educating the
youth—these things are culturally determined Whether participation brings
tespect and reward, or disdain and disgrace, depends on the cultural chimate
i which 1t takes place

The cultural role of sports m our present day society 1 hittle understood
Over the peniod of the major part of our existence as a nation, recreation for
1ts own sale has not been a value widely held 1n Amencan culture, the em
phasis has alw ays been on work There were always play and recreations, of
course, even mn our early lustory But often these were rationahzed m work
terms—the barn rasings, the house warmngs, the comn husking contests
Esen the pleasures of hunting and fishing were ratonalized as contnbuting

ot enturely acceptable for adult men and women to go forth with golf clubs,
tennis rackets, fishing reels, shis, or what have you and have no other reason
than the pursuit of pleasure (14)

This trend m onr culture seems to be the result of more than 2 lessening

and du csure (43) varch in communication and puble opmion
S“PPllcsn;‘ugrtII:iu:n'(‘B) l'ie'sLe « o1 anamo cnltnral pattern In the };?Im u?f
Popular biography reading about the
Wolsof production v -
An understanding of the cu
encan culture would seem to be 3 bas
cemed with the admimistration of sports an
wsite to pohicy malang, programming, and action

ent cultural definstions of work and play in
1c requirement for all those con
d physcal education, as a prereq
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Expansion 1 cultural research will mean that the profession and iis sty
dents will no Jonger it their studs and 1mveshigations almost exclusnely
to the past or present achievements of their own country and Western
European society but brng an enlarged vision and a widened tolerance of
societies modeled on plans entirely different from their own motrated by
rdeals that are never without jushfication no matter how crude or extraord:
nars they may scem (6) A significant trend m curtent hustory 1s the accelera
tion of culture contact and culture change which 1s going on all over the
globe ™o nation plass a more central role mn the process than the United
States One stem in this total picture of culture change and culture contact
18 sposts and the attendant complex of deas concemed with physical fitness

One of the prume values of science has alw ays been acknowledged to bem
sts predictive function Predsction 1 the matter of human behasior could not
proceed along very successful hnes so long as 1t was based on the nane 25
sumption of 3 homogencous human nature  The assumpton within this
framework was that all human thinkag proceeds from the same premuses
that all human bewgs aic motnated by the same needs and goals As
Murphy puts it {40) 1t was the repudiation of the concept of human 2
ture everywhere the same  which Jed to the niches of cultural anthropologs
In the cultwral framework the thought processes are understood to emeige
from raducally diff P especially or d prem
ses Utilizing the concept of culture the research worker will attempt ta look
beneath the surface and bring the culturally determuned presses snto the
hght (31)

Sport 15 prmantly a cultural product and must be understood as such, even
though s merdence and formal devel rest on conssderat of 2
biological and psychological nature Re;earch 15 thus concerned with the
problem of sceing sports and spotts hustory i the larger framework of human
behavior i the individual and 1n society

WHY CULTURAL RESEARCH?

The maost cogent explanation of the nced for a cultural study of spots
hes 1 the fact that there 15 no relation of simple function between spectbe
orgame needs rooted m the body and mind of man or m s covironment
and Tus cultural actn ities Although orgame factors are always present a8
operatng, another sct of factors mten cnes between the impulse and theaet
These are the factors represented 1n the 1deas behiefs and practices of the
particular culture of which the ndrdual s a part {30) Culturs! yesearch i
sports 15 pointed toward a clearer understanding of the degree to which ol
tural bving has blocked modificd encouraged or redurected the €ncrgi®s
that ase operative primandy atan animal Ievel (40)

One of the chicf attrachons of this ficld of sescarch hes wn the fact et
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most of the work 15 yet to be done and most of the questions reman to be
answered To recognize and describe classes of phenomena 1s a legitimate
am of scentific mquiry Yet as Staley has pointed out, this has not been
done for sports within our own culture, let alone the cultures of others, past
and present Although the Amencan people are currently participating
more than 250 sports, there 15 asailable m the literature historical accounts
for something less than 5o of the lot, and as Staley has further pomnted out,
most of those are out-of date, and/or unrehable and/or shetchy m char
acter (46)

Lacking classification, data are merely gathered facts They must be organ
1zed according to some scheme or they are not susceptible of systematic
treatment Therefore sch of classification vary n dance with the
problem that 1s being analyzed, and classification thus becomes an essential
first step toward analysss (20)

At this pomt we tale the liberty of paraphrasing the words of Hershovts
{24) 1n hus discussion of classificatton and process m the study of culture
Categones of classification of sport with which we are familiar (compehitive,
l:oncumpehh\ ¢, ndividual, ublitanian, nonutihitanan, team recreational

concern the nature of the expenence, the way m which 1ts many mamfesta
tons are interrelated, its function 1n the total Iife of a people, then such
categores are too simple These are dynammc problems that go beyond mere
cIassxﬁcauon, and here as 1n all phases of the study of culture, 1t 15 1n dynam
1e5, not descriptions, that the Ley to understanding 1s to be sought

Tt we wish to understand the role of sports in the Fascist and Naz cultures
of pre World War II 1t 15 not particularly important to know which sposts
%ere so vigorously promoted but why, how, and forwhal tlpurpose

Cultural research has shown that there are certain ‘common denomina
tors 1 alt cultures, and has accented the ways n which people are alike
tather than those ways m which people differ (39) It has also ;hc:ivn thatt 1;
1 m the leisure and play aspects of human culture that the I\ar crus :I)t
onsenatism that divides one people from another 1s at its wea ]est (z7) t
has demonstrated that the w ays of satisfyng the needs of a people g;ow ou!
of the culture of that people, and any culture functions best \Iwhcn(; tiomcs
Dearest to achieving a balance between the needs of a people and the e

nd institutions evisting to meet these needs Such esearch has
urces and t th ds Such resear
1 10ns eusting

all poserful ‘success” dnve in American culture With SOmMC OF 16y Tesuilant

mphcations (35,21)
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THL COMPLEXITY OF THL ROLE
OF SPORTS IN CULTURL

Rescarch has shown that sports always play a complex rele mn cultures
from the sunplest to the most hughly developed Underlyng thew obitous
dentification as ts and pl ble tests of physical supremacy
are often unstated but imphet functions m the culture As old 25 the histo
of spost atself 15 the story of the use of sport as an wstrumentality for accom
phshing semething else

Using as an eample one of the most ancient of all sports, westliog it
can be shown i ats vanious histoncal roles as (1) a legal and judicial mech
anism for setthng the boundanes of nce fields in the Plnhppines and villages
sn Pukapuka (2) a part of initration and puberty nites, (3) a means of select
1ng a mate, {4} a demonstration of the prestige and power of 2 tesbal chuef
and (5} asa means of msuring a successful harvest

‘Trial by wresthing was used throughout Ifugao, proemmently ta set tle cases
of disputed rice-field boundanes Swmce a uee terrace martained by 2 stote
wall was a deaided ranty m the Ifugao country of the Philippines, bound
anes were subjected to the mevitable processes of nature Erosion by salall
wvetweather caking and crumbhug m dry weather, meant 3 boundary not
well marked and disputes were sure to follow These were settled by wies
thng matches The reasomng behind ths practice was that the ancestial
spinits of the contestants knew which party was m the nght, just where the
true boundary was and would sce to i that he who was nght would win Ia
sprte of this espressed faith i supemnatural mteriention the Hugao wee
sufficiently practical to musist that the wrestlers be approvimately eerly
matched Owners of adjacent fields eould do the actual wresthog oF mght
choose champions to represent them Disputes between hinsmen resulted
m matches usually friendly, but between those not related there was often
a great deal of very unfriendly feeling,

On the day selected for the match the two parhies met at the deP““d
boundary, and took up 3 posttion at opposite ends of the disputed Jand
Midsay betwcen the contestants stood 2 party of the Linsmen of cach man
along with the family prest After lengthy prayers by the priest, each of the
adversanies was fed by one of his own hinsmen to the spot where 1he fist
wresthng was to occur This was very ceremomously done, and suggested the
heralding of the champions as 1a feudal days

The contestants often worked themselves down half thigh deepm themud
water, and shime of the nice fetd T'inatly, amd the shouts and Joudly chant
prayess of the spectators the wresthing began Each man attempted 1o P
tus opponent mto the terntory that the opponeat was defending and 10
down him there 1f A throw B into Bs fild say 10 feet from the Tine o
which they were wresthing A won 10 fect of the nce ficld at that poset
Eventualh there was a fall that capsized one or both of them in the blac
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mud, and one point mn the boundary was thus determined At intenals of 15
to 20 feet along the disputed boundary a rematch was held The new bound
ary was then established at a line running through every point at which there
hadbeena fall (3)

On Pukapuka, an atoll in the Nosthern Cook Island Group, anthropol
ogists learned how the boundanes of the villages had been settled more than
300 years before their ammval A form of stick wrestling called tutuk was the
means employed In this techmque a stick of wetau wood, four to six feet
loog was grasped by two men facing each other, with each trying to push s
opponent backward The position of the weapon dictated the advance or
Tetreat of the boundary Pams of opponents stationed along a provisional
boundary began the struggle at a given signal It was permissible to nsult,
gnmace at, or threaten ones opponent, but each contestant was honor
bound to stop wrestling when his opponent relased, thus gning um time
to secover hus breath Also permitted were attempts to edge the opponent s
bands off the end of the stick, to twist the weapon from his hands, or to
thiow him off balance by wrenching or twisting the stick or bv grasping hum
around the waist The wresthing continued for seven days and when finally

a formal re‘port wa; made at the village meeting The decision usually in

6 = v v asueua g v -
months’ period ’ °
For the boys this meant a tnp to the reserves to gather nuts on each of two

days After the boys had filled the big canoes with nuts, and been allowed to
e 11 £ A they caled m the

€anoes béached, the jchall:nger ]e;ped to the shore and engaged ius oppo-
Rent before the assembled people Often there were several bouts between
the graduates and the young men’s group Ifa graduatc champion defeated
the cthampion of the joung men’s group he gamed great renown and the
1ght to call humself champron of the sland This wresthng escnt on the
Sening of the second day ended the nte of adulthood and the boys were

custom for guls to
rch of a husband at
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tended the public extubitions of athletic skill armed with a small bag of
flour The choice was signified by the guls sprmklng the flour on the head
of her chosen one, whereupon the athlete’s father immediately entered mto
negotiations with the parents of the girl (48)

Ancient Hawauan chiefs customanly kept a stable of good wrestlers m
their reinue When a chuef was expected, m whose tramn were any distin
guished wrestlers, 1t was customary to send a challenge previous to his
armval to permut hus host to prepare as best he could for the contests to fol
low Ellis, writing more than 150 years ago, evokes a vivid picture

It 15 not easy to 1magine the scenes that must often have been presented at one
of their tauprtis or great wrestling matches, when not less than four or five thou
sand persons dressed 1n their best apparel and exhibiting esery variety of costume
and bulliancy of colour were under the influence of excitement One party were
drumming dancmg and siging w the prde of victory, and the menace of
defiance whle, to merease the din and confusion, the other party were cq\laﬂ)’
voaferous m reciting the act of the quished or pred the
shortness of his rival s tnumph (18)

Stones of the ancient Japanese Empure are dotted with madents refated
to wresthing In the eighth century 1t 1s reported that the Emperer 1nshituted
wrestling as a part of the ceremonies of the autumn festnal of the Fre
Grams Since the year proved a fritful one, the custom was continued T‘O

Tair throws consisted of 12 hifts, 12 twists, 12 throws, and 12 throws over the
back ‘The wrestling nng was constructed of 16 nce bales 1 the shape of 1
large bale, supported by 4 pillars at the 4 pomnts of the compass (15)

SPECTATOR BEHAVIOR

A recent study of Kistler (29) 15 concerned wath an attempt to e\P,I.OX‘c

since that time 1t also suggests th:t an understanding of the behavior of
spectators might more profitably be sought i the realm of custom, convef
tion, and cultural pattem than in the realm of ethics and morality Two &
amples from cultures of widely differing levels of development will sene t0
illustrate Bryson (12) reports that 1n the conduct of ducling contests 18
16th century Italy the sp were such a problem that among the of
cumstances under which a duel might be postponed was ncluded * af there
was interference by disorderly spectators ’ It was customary before the
combat for a herald to make a proclamation to the spectators warmng theet
that the penalty for such offenses as being present with weapons, of enteaé
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the dueling field were punishable by confiscation of property and corporal
punishment (such as the amputation of a hand!) Spectators were also
wamed to refrain from speaking loudly, coughing or spitting, or doing any
thing which would attract the attention of the duehsts

Among many Polynesians the prelude to a wresthng match was the con
certed chanting by spectator partisans of one party of the most densive and
wsulting remarks they could fashion to the spectator partisans of the oppo
nent Once the match was finished bedlam ensued  The vanquished was
scarcely stretched on the sand, when a shout of exultation burst from the
wictor’s fnends Their drums struck up, the women rose, and danced i tn
umph over the fallen wrestler, and sung n defiance to the opposite party”

(:8)

THE RITUAL FUNCTION OF SPORTS

The most cursory acquaintance with sports i the cultures of man will
reveal their importance as ntual Yet one must be wary of the blanket as
sigment of a strctly rehigious motf to all games and contests of all eras but
our own This 15 a circumstance m which perspective 15 improved by the
untenening lapse of ime Whle frequently held i conjunction with a el
glous ceremony and mseparably ntertwined with religious ntual, 1t mlg}‘lt

United States i

There seems to be a widespread failure (or refusal) to appreciate how
much the element of ntual enters mto our own publicly staged sports con
tests The skeptics (and those not mmbued with the cultural pomt of view)
mmeduately decry this with the facts”—that such contests are busm?}:
enterpnses, staged for profit, and far removed from any compansox; “}x)
ngent or archaie imes Yet college sports have talen on a meanmng far tc—
yond the actual “game,” a fact which those controlling (or attempting to
“ontrol) such activihes sometimes fail to realize

Culturally—ntnalsticaliv—such sports contests often form a Tink betw een

‘hild by the chuldless .

n these days of nsing land values an

Pand the culliges and inn ersihies, why are the fw{balll Sla;l:gs ::dt ?:r

molshed to make room for laboratonies of stience and res I “,“ e

%om entional classrooms? From the cultural pomnt of view Eniﬂ] ) ore t}%an
that a stadium (so far—mn our culture) 1s something infinitely m

d growing pressutes for space to ¢x
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a huge construction of wood, stec, and concrete Each one has a personal
Tastory, and while cach means many different things to different people, 2
stadwurm alnays stands as a symbol of man's Jove of a contest, spectaculatly
staged They are monuments to the prde of mdwiduals, mstitutions, and
nations 1 the shill and prowess of their youth They asc an affirmation of 3
philosophy of hfe that msists man’s Lfe 1s better and fuller for having such

ts of ¢ and splendor, and that ftting homage should be
pad the heroes who bring such color and emotion mto the hfe of the average
cihizen

SOME HINTS TO THE INTERESTED INVESTIGATOR

One of the first things the student must do 15 to Jearn to dwregard the
sueeping statements made by some well mtentioned wnters on the Tustory
of sports and games T'or cxample  Prmmtne man hkewse was too busy fo
feel any nced of games It was only when awihization brought pentods of
peace and sccunty to certam nations that games were mvented {10}
Compare this statement with the deserption of Witlam Elss, that mtrepid
wussionary to the Society and Sandwich Istands “Freed, 1 2 great degree,
so far as the means of subsistence were concerned, from anxety and Tabour
the islanders were greath devoted to amusements war, pagan worship, 208
pleasure, appear to have engaged thew attention, and occupied the prnerpsl
portion of thesr time Their games were pumerous and dncrsificd, and were
often affars of natinal mportance’ (18) Or consider the New Zealand
Maons who worked hard dunng the penods of crop-plinting and hanvesting
but once the crops were gathered and stored gave themselves wholeheattedl)
to the Auts of Pleasure and of Joyfulness”

The preture of nonliterate man which emerges from the rescarch of the
cultural anthropologist and the ethnologist 15 not of the overworhed beash
automaton and infantile, dmen eternally m a constant search for food and
shelter This 15 not truc of the Afnican continent, of the Amencan Indis 8
he was before culture contact had so greatly modified his way of hfg, and
was certanly not true of the Polynesians, who had what is probably thehigh
cst standard of lexsure the world has ever known (27)

A prume requisite of the student interested in cultural rescarch 18 the capac
ity to aclueve 2 ugh degree of objectnvity m exanmning the sports of othel
cultures If such data are to be judged agawst a valoe scale of prcscntdiy
western ervhization thar contribution may eventuate m nothiog smore thad

or h at the st » that cmerges and the &
hanemg of self satisfaction with the way things are curxently donein Tus o8
culture

Comersely the studying of the role of sports m other cultures thovs a
mteresting Light on the 1ole of sposts m our own culture, and the discores}
of uncxpected simalanties may prove a dehght to the mestigator For ¢
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ample, the Maons contrved water wings for their children in teaching them
how to swun Talang two dned out gourds and tying them together with a
piece of flax, so that one could be fitted under each arm of the leamner, and
flanng out to therr job of heeping the child buoyant, they have an extraord
nary resemblance to modern mflated bits of rubber which we use for the
same purpose (8)

Knowng how the peculiar and particular language of sports has infiltrated
the English tongue, 1t 15 exciting to discoser that this 1s also true of other
languages Disc pitching was a favonte mndoor game m Samoa A commumity
set of discs, owned by the young men of the willage, were hept m a large
caconut shell cup We find a Samoan saying denoting finality 15 transtated as

The discs are all in the contamer” (12) Few modem golfers take more
pnde 1 their favonte duser than the Fipan did in hus favonte tinqua This
was a game played by throwing from the forefinger a reed of three or four
feet long, armed wath a six inch oval pont of heavy wood While the reed
shafts might be cut from the brush as needed, good players tegarded their
1onwood heads with great pnde {49)

THE STATUS QUO, WITH PROMISE
FOR IMPROVEMENT

Within the confines of professional publications 1 the United States the
quantity of reported research 1n sports and physical education utihzing the
cultural approach 1s not extensne The pages of the Rescarch Quarierly of
the Amencan Association for Health, Physical Education and Recreahion
teveal few studies that could be classified n this area Stumpf and Cozens
(47), and Dunlap (17), demonstrated 1 studies on the Maons, the Fijians,
ad the Samoans that an und dable and fanly prel picture
may emerge when thorough mvestigation 15 applied to tracing the mter
IEIatmns}ups of sports to other elements of the culture withm the micro
Scopic world of modern primutis € societies An attempt at utilization of the
cultyea] approach 1s also to be found 1 one book published m 1953 (14)
and z2nother 1 1956 (26)

1f this were the total story 1t would
butat 15 not The growth of awareness o
r°" lshmamfest in many ways that ]}:a\fe s0
earch, but which promise well for the future

on mwited Margaret
Mo o5t the Amencan Aca(’]emy of ?h).mil F:‘d“.cl:t.llh <he dnmmcdg the

eem a tale hardly worth the telling,
£ the importance of such nsestiga
far not produced much actual
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The Iist of microcard publcations 1n health, physical education, recrea
tion, and allied areas contamns a few titles which indicate that here and there
the mterest m such research 13 germinating and sometimes beanng frut
(20,2,34)

The untimely death of Frederick W Cozens m 1954 mterrupted a prom
wsing program of cultural research which had resulted in half a dozen masters
theses and stmulated the mterest of many students m research of this type
(17:45:42,19,9 22)

The February, 1955, 1ssue of The Journal of Educational Soctology con
tams several articles which not only utihze the cultural approach, but also
illustrate the mportance of the use of such an approach m mterpreting the
field of sports to students and scholars m another disciphine (38,50)

A recent UNESCO pubhcation, The Place of Sport m Education 15 mdic
atwe of an expanding wnterest This comparative study was concewved with
the 1dea of provohing discussion and gvang nse to further studies (41) Two
bools are particulary noteworthy m this regard One 15 wiitten by the Dutch
historian Huizinga, titled Homo Ludens (25), and 1s tndispensable reading
for any student mterested in the role of sports i the cultures of man An
other, of much less ambitious scope, 15 presented 1n the study of the ongins
of ball games, Ball, Bat and Bishop, by Robert Henderson (23}

Culture, representing the widest context of human behavior, 15 as vital an
area of study for physical educators and other students of sports as 1t 18 for
psychologists, histonians, lingwists, philosophers, theologians, and anthropol
ogists We need an und ding of the p and products of culturé,

L L

There 15 perhaps no better way to bring this dxscu§510n to a close than with
a quotation from a recent volume of the College Physical Education Assoct
ation Proceedings “As we look around us and sce the deep roots and great
wfluences which sports exert as an element of our culture, what do we ko
about causes, effects and soctal controls needed m the great Amenca?
scene?” (16)
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The Nature and Status of Historwcal Research
Pertamng to Sports and Plyswcal Education'

This chapter 15 compnsed of two mam parts (1) a review of the nature of
Iistorical research in sports and physical education and (2) a discussion of
the status of Tustorical studies pertamng ducetly or indwectly to sports and
Pphysical education

Part I-Nature of historical research History, as existing m men s munds
can be classified nto three types (1) past facts (actualty), (2) remans of
the past (artifacts) and (3) re<reation of the past (hustoriography) The
purpose of hustorical research 1s to locate and test the remams (artifacts)
left society by present and preccding generations and to utib.e such ent:
cdlly tested eyidence as a basis for either a synthebic recreation of the past
9 an explanation of the prescnt m the Iight of pertinent antecedents so
that ultimatcly truth may emerge Two mam approaches to hustoncal 1c
search can be utili.ed One approach 1s to create s nthesis of what has actu
dly happened based upon the use of documents and artsfacts The other

approach 1s an attempt to explamn the present status of sports and physical
tecedents In some mstances a com

For comenience the 158 references
] K ~nwtempor iry
borts and
not yen.
erally known Historuans n gencral and physical educators m particular,
have pad Lttle or mo attention in recent )edrs to the hustonical aspecty of
S neere appreciat
of g g to D
e gmaluable ad -
4 euls P
Dr De:tiildc \S :ﬂg)i)all)c?nl’t;o.}t;sor of Physcal Educaton Unnersty of § g 4‘:’
9 thewt timely suggestions
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sports and the effects sports have upon a culture Some evidence exists to
indicate that there 1s a general lack of istorical background on the part of
the graduate student pursuing advanced degrees i physical education
Under the topic, needed research, nme general areas are suggested for the
student interested i hustorical research

NATURE OF HISTORICAL INQUIRY

History 15 concerned with a study of man 1n a hme sequence History,
therefore, possesses a subject matter which 1m olves both smgle or individual
facts (5,146) and a plurality” of facts (12,6) Some wnters believe that
histoncal mvestigation of man and hus acts nvolve only a statement of mere
past actwitres or events (9,159) However, authentic historical research will
embody ‘umque’ events (4,19), “unusual” happenings (13,19), and/or
significant facts {1,85) To the wrter, the “umque” approach scems to be
the most vahd

If history 15 viewed as a science, 1t can only be a reasoning science It 15
quite impossible to control conditions or mtroduce extraneous or artificial
stunuli 1n a hustorical study of man Therein lies the distinctive difference
between a reasoning science and an experimental science It 1s at this pomt
that the reasoning science acquires a difficulty not expenenced m espen
mental sciences, that 15, m the reasoning sciences as 1t pertains to the study
of man i a unique order of events, the events are past actuality and can
neser be reconstructed exactly as they happened nor can they be altered or
changed—simply because of the nature of past actuality

PURPOSE OF HISTORICAL RESEARCH

The purpose of lustorcal research 15 to locate and test the remams (art!
facts}) left society by present and preceding generations and to utihze such
cntically tested evidence as a basis for either a synthetic re creation of the
past or an eplanation of the present mn the light of pertinent antecedents

HISTORIOGRAPHY

History, as existing 1n men’s minds, can be categonzed nto three types
(1) past facts (actuality), (z) remains of the past (artifacts) and ) =
creation of the past (historiography) In the mamn, listonography ¥ 2
method of recreating past actuality with the indispensable aid of the 7€
mains of the past At best, the histor
from past actuality and 15 quite depe
upon genune artifacts He, therefore, wwoe vv vv v 5 -
mutation and of changing 1deas Turther, he must possess a high degiee of
entical msight so that he can discrimmate between the genume and the



THE NATURE AND STATUS OF HISTORICAL RESEARCH 649

spurtous Even after the evidence has been shown to be genuine, historcally
speaking, he must be wary of each subject studied (artifact, document, etc )
a some of these matenals are more trustworthy than others, depending upon
the character and competence of the recorder as well as the circumstances
mvolved

HISTORICAL CRITICISM

No attempt will be made to present a detarled discussion regarding logical
order in histonical method except to mentton the use of external and mternal
entieism as tools in venfymng (external) and authenticating (internal) the
endence The term evidence, as used m this paper, consists of many kinds of
hustorical matenal 1t imclndes more than written documents Artifacts form
an mportant part of such evidence More specifically, such evidence might
well mclude a Roman stadmm, a vase panting, a com an early golf ball,
ete It should be noted that external enticism 1s not concerned with the
zeliability of the source or the veracity of the statements made by the author
External enticism 15 more closely concerned with answermg the following
types of questions regarding documents, statntes, vases, etc  what lind of 2
document or artifact does 1t purport to be? If a document, who wrote 1t?
What was the purpose of the artifact or document? Under what crcum
stances was the document wntten or artifact uncovered?

In contrast, when attempting to authenticate evidence, internal cnticism
attempts to answer such questions as What did the author of the document
teally say, or what 15 the real nature of the artifact? If a document, what do
the words the author used really say? Did the words comvey what was

%ho was not an eye witness, how many tumes removed from the event was
the witness? Evidence to be credible should be attested to by at Jeast two
ndependent witnesses of the same event, who recorded mmediatcly, and
who were not actually mustaken or decerved Such accounts should not differ
n mportant points nor should thes agree m every detail (14249)

APPROACH
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as narrative history, 1s an attempt to e create past actuality Thus technique
has been most frequently attempted by the student of history Further, it 1s
the approach utilized for the most patt in the sources cited within this chap
ter

The second approach, equally if not more vital and yet attempted only
nfrequently, 1s based upon cause and effect Causes are not generally subject
to drect observation Instead they must be reasoncd from available evidence
(6,223) In this method the social, economic, pohtical, religious, and edu
cational conditions of a country or locale are studied m an attempt to ascer
tain “the before and the after’ (13,70) What were the causes and effects of
certamn pertiment antecedents upon contemporary problems i the field of
sports and physical education® Why, for example, was there such a tremen
dous mcrease both 1 the number of sports and 1n the amount of participa
tion m these sports dunng the last three decades of the 19th century m the
Umited States? Part of the answer will most likely be found m a study of the
causes and effects of the political, the social, and more specifically i this
case, the mdustnal condations of the country

Whether the histonian attempts to mterpret a guven present by ats anteced
cnts or create a re synthesis of past actuality or use a combmation of both
approaches, hs ability to successfully accomplish hus purpose ss dependent
upon the avallability of credible documents and/or artfacts, upon such
evidence bemng cntically weighed, and upon orderly discipline, which 15 11
dispensable in the quest for hustoncal vahdity The correct utilization of these
approaches will certanly aid m the development of a more thorough under
standing of current athletic and physical education problems

SOURCES

of the past, in truth or transmutted for the purpose of informing postenty
The first would be admussible as primary evidence and the latter as secondary
According to certain histor graphers, some les of pnmary sources 16
archacological remains such as sases, stadsa, Greek and Roman statues, €&
personal records, confidential reposts, public reports such as press dispatches
government publications, Census Burcau Reports, and under certain cond!
tions, even such matenal as fiction, song and poetry, folklore, etc, 317 50
be classificd as primary
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Secondary sources, or sources at least once removed from primary evt
dence, often are classified as tradition and, m some mstances, might be
treated as remains However, the important thing to remember here 15 that
traditions contain the records of mmpressions made upon mans mnd, not
necessanly the facts (4,44) Under certain circumstances such records of
impressions occur in some of the primary sources cited abose

The selected sources cited 1n this chapter hase arbitranly been divided mnto
three mam divisions (1) ancient sources prior to AD 1000, (2) early
sources from AD 1000 to AD 1800, and (3) contemporary sources from
1800 to date The sources included may gne the imp that
the hustoncal method has been used quite extensively 1 the field of sports
and physical education Ths 15 partly true 1f one considers the great amount
of sporting literature of a hustorical nature wntten and published before 1900
Pertamming to specific sports However, this impression 1s quite erroneous 1f
one attempts to analyze the nature of these studies Such an analysis reveals,
among other things, that a considerable portion should be classified as nar
ratue history usually arranged along chronologrcal hines Only a modicum of
effort has been pended to indicate gful cause and effect relation

ships betw cen the nature of sports and other social phenomena In addltl‘on,
s

n

and of themselves histones of sports and physical education ‘These sources
are included, howes er, because they contamn nch storehouses of nformation
televant to the begmnings and the development of sports and physical edu
cahon Further, although biographies and autobiographies cans‘htute zm‘ u:]

{ whic m h as
(some of which have been prepared 1n a most credible manner, suc
Fp Magoun s History of Football from the Beginung to 1871), as such a
List would unduly lengthen this chapter beyond all reasonable bounds

1 Ancient Sources (Prior TO AP 1000)

Adham De natvra anumalwm Libn XVIII Gottlob Schnexder (Ed ) Lapsize
Stmibtibus E B Schwickerty, 1786 228 pp

Athenaeus The Derprosophusts, trans by C B Gulick New York G P Put
nam's Sons, Loeb Classical Library 1930 7 vols b

Cicero De sencetute, trans by William A Fglmﬁﬂsﬂ Cam
Unier Press, Loeb Classical Library, 1946 563 pp

Cicero Tusculan disputations, trans by ] E King New York G P Putnams
Sons, Loch Classical Library, 1927 578 PP

ndge, Mass Harard
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Cjnegeticus of the younger Xenophon, trans from the Greeh with classical and
practical notes by a graduate of Mcdicme London ] Bohn, 1831

314 PP

Homer The Complete Works of Homer, The Ihiad, trans by Andrew Lang, et d
The Odyssey, trans by § H Butcher, et ol New York The Modern Lib,
1935

Herodotus Trans by A D Godley New York G P Putnam’s Soms, Loeb Clas-
sical Library, 1928 4 vols

Horace Satures, epistles and ars poetica, trans by H R Fauclough Cambndge,
Mass Hanvard Unner Press, Loeb Classical Library, 1947 509 pp

Juvenal The satwes of Juvendl, trans by G G Ramsay Cambndge, Mass
Hanard Umiver Press, Loeb Classical Labrary, 1950 307 pp

Martial Epigrams, trans by Walter C A Kerr New York G P Putnam’s Sous,
Loeb Classical Library, 1920-1925 2 vols

Owid Metamorphoses, trans by Frank ] Miller Cambndge, Mags Harvard
Umiver Press, Loeb Classical Library, 1946 467 pp

Pausanias Attiea trans by W H S Jones Cambridge, Mass Harvard Unner
Press, Loeb Classical Library, 1954 4 vols

Pausamas Descriptions of Greece, trans by W H D Jonesand H A Ommerod
New York G P Putnam’s Sons, Loeb Classical Labrary, 1926 6 vols

Philostrarus Imagines, trans by Arthur Fawbanks New York G P Putnams
Sons, Loeb Classical Library, 1931 429 pp

Plato Laws, trans by R G Bury Cambndge, Mass Harvard Univer Press,
Loeb Classical Library, 1952 2 vols

Phny Natural history, vol 1II, Book X, trans by H Rackham Cambndge,
Mass  Harvard Unwver Press Loeb Classical Library, 1940 616 pp

Plutarch Lyves, trans by Bernadotte Pernn Cambnidge, Mass  Harvard Unnér
Press Loeb Classical Library, 1948 582 pp

Seneca Ad Lucilum epustulge morales, trans by R M Gummere Cambndge,
Mass  Harvard Unwver Press, Loeb Classical Labrary, 1934 3 vols

Suetomws trans by | C Ralfe Cambndge, Mass Harvard Univer Press, Loch
Classical Library, 1951 2 vols

Thompson D'Arcy W Histona antmalum, The Works of Anstotle, 1ol 4
W D Ross (Ed ) Oxford, At the Clarendon Press, 1928-1946 11 vals

Vergil Eclogues, Georgics Aened, trans by H R Fauclough Cambndgt
Mass  Hanard Unwver Press, Loeb Classieal Library, 1950 2 vols

Xenophon Senpta munora, trans by E C Merchant Cambndge, Mass Har
vard Unnver Press, Loeb Classical Library, 1946 457 pp

II EarLy Sources

A collection 1n English of the statutes now in force, contrnued from the beginnis
of the Magna Charta Imprinted at London by the Deputics of Chrsto
pher Baker, 1588, 596 fols

Ajgenell for gentne London Punted for Iohn Helwe, 1614 Np

Bames Julana [?] The boke of St Albans contaiming the treatises of h:
hunting, coat armour St Albans 1486

Bemers, Dame Juliana [?] A treatyse of fysshynge wyth an angle, Beng 3 m;
sumile Reproduction of the Tiust Book on the subject of Fishing punted ¥

26 Mng
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England by Wynlyn de Worde at Westmmster 10 1496 London Elliot
Stock, 1880 Np

Blane, Witham Cynegetica or essays on sporting London Punted for John
Stockdale, 1788

Blome, Rchard, comp The gentleman s recreation m two parts London S Rot
croft, 1686

Boume, Henry Antiquitates vulgares or The Antiquities of the Common Peaple
Newcastle Prnted by ] Whate for the Author 17>5 232 pp

Brand, John Obsenations on popular antiquities ncluding the whole of Mr
Boumes antiquitates vulgares (1725) Newcastle upon Tyne Punted by
T Samt, for ] Johnson, 1777 430 pp

Burton, Robert Anatomy of melancholy Oxford Iohn Litchfield and fames
Short for Henry Cripps, 1621 783 pp

Carew, Richard Suncy of cornuall, to which are added notes illustratnve of the
history and antiquihies by Thomas Toukmn and published from the ongimal
manuscripts by Francis Lord de Dunstamville London Printed for T Bensley,
] Faulder, and Rees and Curtss, 1811 459 PP

Cleland, James The Institvtion of @ Yovng Nobleman Oxford 1607 271 pp

Comenn, Joh Amos Orbis sensuahum prctus, trans by Charles Hoole London
Prnt 777 1

Cox "The gontioman s venrmhon 0 duect xules for that Noble and

delightful art of anghing London F C, 1677 95 pp

gathered out of
Aiddleton Lon
(Film from the

. Bodldian Library )

Tho Bert
with the
mpnnted
1F Mar

jone Fyfe Stanford, Cahf Stanford Unner Press, 1043 (Furst edition 1244~
1250 ) ) i
L .

library of William L Clements )
Gov ettfyLwnel kla’lrf;xe Kings book of sports London Elliot Stock, 1890 xsw PP
James T Basiltkon doron, or His Maesties Instnvetions fo Hs Dc6m'cst onne,

Henry the Prnce. Edinbvigh Prmnted by Roléz‘tm \‘:alz;l‘ilg[rat;l f; ;l, ,:: on ;n_ti gs
Reble, it large from Magna u

Thee {:::};:s 7‘;213];;:1:1{;;:1 Thogmafs Newcomb and Henty Hills, the assigns of

Richard and Edvard Athins, 1681 1527 PP
Lanes and Acts of Parliament, Maid Be;d lulx:g ll{axgstthfsl;;rsllir;d;;s Swecessors

Kinges h Imprented by Robett, 7
\mxhg:.m,ni:s;f:seEdrx:?z;fz and Pgoad hushandry for the well-ordenng of all

beasts and fowls (sth ed ) London 163t
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Markham, Genvase Country C ts, or the Husbandman's Recreat
London William Wilson for Ichn Hanson, 1649 118 pp

Peacham, Heary The compleat gentleman Impnnted at London for Francis
Constable, 1662 211 pp

Percy, Bishop Fne preces of rumc poctry, trans from the Islandic Language
London Prmnted for R and ] Dodsley in Pall Mall, 1763 99 pp

Rotult Parhamentorium, et petitiones, et plaaita, 1 Parlamento Tempore Ed
ward R I finem Henna VII London 1767-77 610l

Stevens, Charles, & Liebault, John Marson rustique, the covnticy farme, com
piled in the French Tongue, by § and L and trans 1nto Lnglsh by Rich and
Surflet London Adam Flip, 1611 732 pp

Stow, John A surey of London, edited by C L Kingsford Oxford At the
Clarendon Press, 1903 {ongnal edition 1603) 2 vals

Thevenot, Monsieur The art of swimmung, illustrated by proper figures waith
advice for bathmg London Prnted for Dan Brown, 1699 6o pp

Turberville, George The booke of falconnie or haviling London Prmted by
Thomas Purfoot, 1611 370 pp

Turberville, George Noble art of venerte, or boolke of hunting Oaford At the
Clarendon Press, 1908 250 pp (Earler edition with title as Hynting

1576}

Wialton, Isaac The compleat angler, ed by $ir John Hawkins (16th ¢d ) Lo
don Prnted for F and C Faulder, \V Brent, ] Scatcherd, E Jcffrey and
T N Longman 1797 111 pp

III CoNTEMPORARY SQURCES

BOOKS

Awsworth Dorothy Hustory of physical education mn colleges for women New
Yorh Barnes and Co, 1930

Anderson W G Pioncenng i physical education Proceedings of the Colleg?
Physical Ed, A tion Wasl College of Physical Educstiod
Association, 1934

Baillie Grohman, Mr and Mis W A The master of game London Chattoand
Windus, 1609

BailleGrohman, W A Sport 1n art (and ed ) London Simpkin, Marshal
Hamilton, Rent and Co 1919

Ballentine, H 1 History of physical education at Vassar College, 18651935
Poughkeepsie, New York  Vassar College, 1915

Bland, £ A Fifty years of sports, Records of Sporting Tnents from 1896 Lon
don Daily VMail, 1946

Boycheff, K Intercollegiate athleties and physical education at the Unnerst
of Chicago, 1892-1952 Unpublished doctoral dissertation, Umner of Mkt
8an, 1954

Boykmn, | C History of physical traiming, Report of the Commission of Bduet
tion for 1891-92 Waslungton U5 Gosernment Printing Office, 1594

Butler, A | Sport m classic tunes New York Dutton, 1950 he

Cathn, G Letters and nofes on the manners, customs and conditions of,
north Amencan Indians London Henry G Bohn, 1851 2 vols
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Culin, S Games of the north American Indians, Twenty fourth annudl report of
the Bureau of Ethnology Washing| G Punting Office, 1896

Cushing, F H, Outhnes of Zun: creation myths, thirteenth Annual Report of
the Bureau of Ethnology, Washington U S Government Punting Office,
1896

Dambach, ] K Physical education 1n Germany New York Teachers College,
Columbia Univer, 1937

Danzg A, & Brandw e, P Sports golden age New York Harpers, 1948

Dawnson, L Sport n war. New Yorkh Scubrer, 1937

Dennss, Edith L The genesis and deselopment of the American Red Cross and
water safety sersice Unpublished doctoral dissertation, New Yorh Unnemity,
1943

Deschner, Ramy B The e olution of sports and the cultural impheation of physt
cal education St Lows Fred Medart Mfg Co, 1946

Dorgan, Ethel J Luther Halsey Gulick, 1865-1918 New Yorl Teachers Coll,
Columbia Unnver, Bureau of Publications, 1934

Drew, A Guendolyn A histoncal study of the concern of the federal govemment
for the physical fitess of non age youth with references to the schools, 1790~
1941 Unpublished doctoral dissertation, Unner of Pittsburgh, 1944

Dulles, F R Amecrican learns to play New York Appleton Century Crofts,
1940

Dunbar, H F A bref Tustory of the college physical education association Un-
published doctoral dissertation, Columbia Unnersity, 1950
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Edward, Dule ff York The master of game Edited by Willam A and F Baille
Grohman London Chatto and Windus, 1909
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Daetz Press, 1
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of llinoss, 1956 Micracard
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Columbia Unpublished doctoral Unwer of Maryland, 1956
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STATUS

The historical iterature pertaming to sports and physteal cducatton 15 £
tremely diversificd and 1 many mstances not generally lnows, at Jeast 18
the sense of bang readily avarlable By dnersity of sources 18 meant the T
mense range of written matenal wlucl houscs nformation of a sportind an
physical education natusc as well as many and vaned artifacts In an histo?
cal approach to tennis, for cxamiple, sources range all the way from 2 debt
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tne study such as Jultan Marshall s The Anndls of Tenms to a senes of early
Enghshand French parliamentary enactments

The comparatively rapid growth and development of sports and physical
education 1 the United States since the last 3 decades of the 19th century
mdicate a real and pressing need for studies which would give msight into
the present status of sports and help analyze the actions and interactions
shich have helped to create the current conflicting 1deologies regarding the
place and nature of sports and physical education m Amencan culture His
torians m general and physical educators 1n particular have pad little or no
attention 0 recent years to the histoncal aspects of sports and the effects
sports hase upon any culture The latter a socwological view most hikely will
not be completed without histoncal studies covering a wide range of subject
matter pertaining to sports and physical education to act as founSahon

T 1 N

[ N “ 1
As has been xepo’xted 'l;y Lexghﬁm Johnson (8 157) and Dorothy Ans
worth ctal (2125) the use of historical method as a research tool and the
teporting of the same has decreased m number m an alarming rate duning
the past three decades Thomas K Cureton (3 24) reported only 20 doctoral
theses 1y olvmng the hstoncal bibliographical approach from 1930-1946
which was shehtly over 4 percent of cases i a sample of 420 studies Un

Sciences where tlus kind of thnking and thus research 1s t;ng:ndered Be

that as 1t may the profession 1§ 1 danger of losing one of the matst m

Portant means by which it can further obtan and m:m:tam p:sr:; ;1}::);“
0T 1

educational problems when I 1 studies p 0 S

el education are ot fostered or stimulated at the graduate level m nstitu

tions of tugher learning

NELDED RESEARCH

1 Approximately one fourth of some
Practiced sports and athletic activities
ther the ong ns and derclopments of

230 hnown distinct, and currently
have been treated Iistoncally Fur
many recently cvolved sports and
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athletic events, such as code ball, model motor boat racing, paddle ball,
petecca 1o, touch football, and others, have not been determmed Com
parable historical and cultural studies, as well as psychological studtes, might
shed ight on the question why certamn sports are popular and others are not
popular m this society

2 Studies are needed which would pomnt out the causes and effects of
certan pertinent antecedents upon contemporary problems m the field of
sports and physical education

3 A need exists for a senes of studies treating the history of many extinct
sports These studies would help fill the gaps so noticeable n an examina

on the sporting practices of Colomal America, of the national penod m
America, and of contemporary Amenca

5 Studies regarding the histones of games distinctive to certam cultures
are all too few m number Except for a few works from the anthropologist
and the ethnologst, this type of research 1s practically nonetent One
sees the proof of this when one considers the very few studies of this pature
attempted by the physical educator Two notable exceptions to this state
ment are the studes of Florence Stumpf and Fredenck Cozens (11,198)
and of Willlam Goellner (7,147)

States For example, one such study ;mght be a history of professmml
athletics in Amencan colleges and umversitics and the subsequent broaden
mg of the Amertcan concept of amateurism

9 Studies should be attempted to ascertan why the United States has
become such a sports minded nation, the effect of such Sports—mmdcdnSSS
upon the Amenican mind and thus its place n American culture

CONCLUSIONS

Many of the histoncal studies pertaming to the field of sports and ph)ﬂ“’I
education appear to have been approached from a very broad Tustoneal 1€
search viewpomt, certaimly not along the lines that have been developed 11
this paper The tools to ascertam hustorical vahdity have not been used ¥ 1":
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tion One example of this questionable practice can be found 1n the athletic
game of tenms Joseph Strutt, who for the most part was a careful anh
quanan, stated i his Sports and Pastimes of the People of England, that the
earliest mention of the term tennis was found 1n 1388 1n a restrictive act pro
hiliting certam sports m favor of archery Since 1801, numerous wrters of
sports history have used this proclamation of Edward I1I and the date, 1388,
as mndicating the earliest reference to the game of tennis i the English lan
guage However, a careful and quite exhanstie search into the then contem
porary chromeles, statutes, restnichive acts and parhamentary enactments
faled to reveal any mention of the term tenms (or any term which might
be construed to mean tenms) This particular statute did prohibit the play

1ng of football, club-ball and handball 1n order to encourage the practice of
archery It was not until almost 100 years later (1463-64) dunng the reign
of Edward IV that an English edict mentioned the term tenms and that was
gt a proclamation agamnst the mportation of tennis balls (spelled Tennys

alles)

Noticeable exceptions to the questionable use of histoncal mquiry esist
Some of these exceptions are Kenneth Freeman s Schools of Hellas E Nor
man Gardiner's Athlctics of the Ancient World and Greek Athletic
Sports and Festnals, Ehizabeth Reanck s Dances of the Hunganans, Julan
Marshall s Annals of Tenms, Theodore Stem s The Rubber Ball Games of
the Americas, Joseph Strutt’s The Sports and Pastimes of the People of Eng
Iand and Fred Leonard George Affleck s A Gude to the History of Physical
Education 1t 15 also encouragmg to note that a history and philosophy sec
tion has recently been added to the structure of the Amencan Associabion
for Health, Physical Education, and Recreation

The dearth of scholarly historical research m sports and phy sical educa
tion may 1n part be the result of a current concept, held by some expenmen
tal research personnel, which has the tendency to lumit all attempts of alus
toncal nature to a position where, if 1t 15 to pass an arbitranly 1mposed
tesearch cnterson such as timelness and pertinence to the field, 1t must
answer or throw light on a contemporary problem 1n every mstance In other
“ords, mquiry must always have a ﬁspchl L

ere appears to be little or no justification tor
that Pt]))sl:s the ascertamment tlf truth 1n and of stself This 1s a se\em;)
Testucted viewpomt In reahty, this hmted concept 15 basid \iipon (tm y
one specific segment of the comparative function of history I\o; oes 1t m
clude other equally important functions such as (1) a mef:ms of mmst::ng
Progress or retrogression, (=) a means to study the record s cxpenment ‘::;
of man including achiesements as well as fattures, and (3) 13 m“t:s
dﬂnonstrahng the close relaionship eusting betwcen certain f\ er?c;l mda
culture and the status of physical education n that culture A study mdi

cating the function last stated could attempt to answer why one’s religious
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beltefs can promote the development of the physique and physical prowess,
as n the early Greeh civilization, while another religious belief stifles such
development, as 1n the movement called asceticism

Finally, 1t would seem most appropnate to propose that a greater empha
s1s be placed upon studies of a historical nature on the graduate level m
Amencan colleges and unwersities, and, further, that such encouragement
should not employ only the ascertaimment of facts as a means of describing
past actuality, but also mclude a concerted effort to develop appreciations
and an ability to mterpret and compare facts, as well as to acquire and
mamtain perspective In short, students who are senously interested m at
tempting historical studies 1 sports and physteal education should not only
have a good foundation mn history, but should become well disciplined m
Iastonography, a tool that 1s vital to historical validity

REFERENCES

Abelson, H H The art of educational research New York World Book,
1933

Amsworth, Dorothy S, et al , Historical research methods In Research meth
ods apphed to health, physical ed: and Wast Ames
1can Association for Health, Physical Education, and Recreation, 1949
Cureton, T K Doctorate theses reported by graduate departments of health
physical education, and recreation, 1930 1946 Res quart, 1949, 20, 21-59
Fling F M The wrting of hustory New Haven Yale Univer Press, 1920
Garraghan, G ] A guide to historical method New Yorh Fordham Unner
Press, 1948

Gottschalk, L Understanding history New York Knopf, 1950

Goellner, W A The court ball game of the aborgmal Majas Res quart,
1953, 24, 147-168

Johnson, L H Lducation needs histonical studies Ph: Delte Kappan, 1955
36, 157-159

Monroe, W S, & Englehart, M D The screntific study of educational prob

-

 u A e W

©

1

I The New Zealand Maots Res qumtl, 1947, 18, 198—1;8
12 Teggart, T' J Causation i histoncal events ] hustory of ideas, 1943 31 61t
13 Teggart, F | Theory and processes of lustory, Berheley Unver of Califor
nia Press, 1941
14 Vincent, ] M Historical research New York Peter Smuth, 1929



PART VI

Therapeutic Aspects of Exercise and Sports






‘()) 4 JANET A WESSEL AND
WAYNE VAN HUSS

Therapeutic Aspects of Exercise m Medicne'

SUMMARY

This chapter 15 ntended to provide a bnef analysis of some present
day uses of exercise m medicine and to take mto account the sctentific work
bang done to detcrmime quantitatnely the hieved through
chimcal exercise techmques The fund tal g as to the effects of
exercise apply 1n relation to therapeutic exercise as they do to exercise and
sports generally

Therapeutic exercise 1s defined as prescribed bodily movements used to
Testore or ameliorate specific functions 1t persons suffenng from yvarious
Physical and/or mental disorders

Persons nterested i the role of exercise in the mantenance and unprore
ment of heqlth have raised wmportant quesh g the of
the word “exercise,” the forms it may take,
‘“""”-L‘ forms of excreise, and the manner i %

o ]

the relationships that exist among
hich types of excrase should

xereise ['Jrag:a;r: m:;ne= cmd/a‘r passne may be adrmnstered autonomously,
mechanically, or manually One of the chucf therapeutic values of passn e exer-
¢ ¢ of “normal jomt motion” Actne

¢ 15 the promotion and a mantenanc
exercise, static or kinetac, i one of the most important and effectne modal-

the Comelation of Phtst J Therapeutic LECILSE wis tis & spne 2w v vy s
ueerrd\;:;?nolel;l{‘e’;‘;gﬁa::n United States Department of Health Education, and
Weltare, and the Amencan Physical Thesspy Asecatr
31
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tres 1n the climcdl application of exercise Some of the major therapeutic uscs
of active exercise are impr t of strength, end and n
lar reeducation

The prescription for exercise 1s based upon the knowledge of the patients
condition as a whole and 1s used n conjunction with whateyer medical and
surgical measures are necessary Each type of exercise has a umque physt
ological cffect wihich gwves to it a different therapeutic objectvve Then too,
the method used in admumistering the exercise affects the physiological 1¢
sponses and derned therapeutic objectives The therapeutic objectues for
which exercise 1s prescribed in the clhncal fields of orthopedics, neurologicd,
and general medical and surgical conditions generally include mamtaming
and/or augmenting strength, power, tone, tange of motion, and coordina
tion, and mamtaming and/or improving general body and muscular en
durance

The validity of some of the currently popular technics of applymg strength

. -
chncal strength tests Climical procedures employed to restore or mantain
‘normal jomnt range’ should be evaluated, and the validity and rehabibity of
the different mnstruments used to measure range of jomt motiot should be
studied

Rescarch and a great deal of chnical observation make it clear that pro-
longed bed rest and absence from normal activity 1s not the sma qua non of
the treatment of patients sufferng from medical and surgical conditions
On the other hand, quantitative studies to mvestigate and eraluate endur
ance programs used to assist the patient w the development of sustamed
function without harm or injury are essential for future progress Selye's work
on stress and the formulation of the “adaptation syndrome” may have i
portant clinical applications n relation to fatigue brought about by thera
peutic exercise

In the past the techmques used for adi 1ng exercises clmically hoe

exercises—suggest the future role of exercise mn total patient care When we
have acquired suffic ot
exercise 15 capable of

brought about, and .

the results obtained, 1= e e

science as well as an art It is clear that the development of a general concept
of all exercise will come through the basic rescarch from many discipline
directly or mdwectly With tlis development we will be able o distings™
betueen and among the vanous forms of exercise and make the
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entific applications of exercise for general well bemg as well as a therapeutic
modality i total patient care

INTRODUCTION

An mteresting problem of semantics faces all professional persons con
cemed with the role of exercise n the maintenance and improvement of
health What 1s meant by the word exercise? What 15 1its structure? What
forms may 1t take, eg, sports, dance, athletcs, swimmung prescubed move
ments, daily Irving activities? What relations exst between and among the
vanous forms of exercise? If we pursue this queshion further, we find it
giows mto a complex of closely related questions—what? why? when?
where? how? and who? Our answers to these questions may be quite heterog

cse~movement Beyond this pomt definition 1s difficult as one immeds
ately becomes anvolved with speaifics (1) What are the distmguishing
charactenstics of movements used therapeutscally, recreationally, or as pre
ventve medicme? (2) What are the specific charactenstics necessary for

n total patient care

In ancient times as today the rationale for the use of exel cars !
have been based upon the physiological prnaiple of use and disuse 15
concept of exercise wonld seem to connote that * function begets function’

IcISe appears to

In Teviewmg the past, the techmiques us;d for admzzxs;g;l:%e::heicxég
dm‘““)’ have been primanly an art rather than a scien
tamed from the dlﬁgent methods of application of c\emsedfo{ fg;: ;x;t:i;
ment of specific disorders were rarely quantitatn ely e\alluate },‘ fost often
changes 1n methade ar nracednres were brought about through clu A
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of exercise m medicine and the extensive research 1n this field promse more
scientific evaluation of techmiques to determine quantitatively the outcomes
achieved through vanous exercise techmques Even though there 15 con
siderable d ersity of exercise ‘systems’ 1n the clinical apphication of exercise,
there does exst today some agreement regarding the basic prnciple of exer
cise usage i medcine

Two developments—(1) a more scientufic approach to the application and
evaluation of eercise techmques and (2) an mncrease of basic research con
cerned with determiming the values of exercise—suggest the future role of
exercise in total patient care The tume 1s commg when the vanous forms of
exercise will be prescribed to achieve a climical objective during different
phases of patient care yust as drugs are prescribed and regulated as to dosage

v
uation of the results obtained, exercise will acquire full status m medicine a8

a clmical science
In the present chapter, the discussion wall be confined to the therapeatic
use of one form of exercise—specific exercise movements used to promote
tone, strength range of motion, end and lar contro!
However, obviously many of the pninciples and techmques of therapeutic
exercises presented i this chapter have durect apphication m the programs
of other forms of exercise, e g, swimmung, dance, sports, daily living aC‘tl"
1 e

1dea should be presented There 15 a need to umf.y and clearly define the
fields m which exercise—all forms of human movement—is an impottant
therapeutic modahty 1n total patient care as well as potential use 2 preven
tne medicine At present we seem to be dealing wath paneiples that have
been proven to be the same for all forms of exercise Actually, what we nee

15 to study each form of exercise 1n 1ts own terms Such a study should be
more rewardmg than the usual passionate declaration that all exerciscs 41
alike, only the matenals differ and the personnel who admumstcr them

Such a study should guide us to exact relations existing between a;.]d‘aml?:%

- - -

CLASSIFICATION OF THERAPEUTIC EXERCISE

‘Therapeutic excretse 1s defined as presenbed bodily moscment used to :’
store or amchorate speaific functions in persons suffening from vanous Py
cal and/or mental disorders ‘The therapeutic objectives of exereis generaly
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mclude g and/or mg strength, power, tone, range of
motion, and coordination, mamtaiming and/or mproving general body and
muscular endurance, promoting relaxation and thus encouraging emotional,
social, and mental adjustment or readjustment, developing or redeveloping
of daily hving activities and occupational skills and helping to prepare the
Ppatient mentally, emationally, and physically for future treatment
There are two types of exercise passive and active (18 20 50) Passie exer
cse or movement 1s carned out by the application of external force with
mummal (1mperceptible) participation of muscular contractions by the pa
tient Passive exercise, nonforced, 1s movement made by the application of an
extemnal force without pam or muscle spasm and witlun the imits of free
range of motion (44) Passive exercise forced, 15 movement made by the
movement beyond the limuts
e evercise may be done with

e by the graded participation
of the patient’s muscular contractions and with or without the applhcation
of extemal force The patient s muscular contractions range from minimal
through maximal The gradation 1n muscular tensile force or muscular con
trachion developed by the patient 1s achieved through the graded supple
mental application of external force applied manually or mechanically The
amount and type of external force employed 15 based upon the paticnts
condition and the desired physiological response which most meets the
clinteal need

The physical therapust 15 concerned with the specific or focal as well as the

and anatomy Recently, an mnvestigation of termunology relating to names
used to designate various therapeutic exercises and therapeutic exercise pro-
cedures used by physical therapists was reported by 'Lawrencc {51) Two

bneme end

therapentic sea cedures It would secm apparent that sucn analy
s “tl))u]d e:t:lic: i:x:\{)(r;l approach from persons allied medical and
Professional fields who would gn ¢ constructnne thought to this problem The
confusmgmcabulary may 1n part be attributed to the dnersified approach to
the study of human motion (mesiology) The use of standard terms m
texts and 1n the teachmg of hanesiology could result m the comection of

much of the confusion
Many worlers hla\e proposed different systems of classification of exer
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€se (182024 50) Some are entensive and cover all aspects of exercise used
n medicine (93) Some are humsted to a more functiona) classification per

taming to speafic therapy The classifications listed below have been pro
posed, not to add another approach to this subject, but as an attempt to
correlate exercise terminology with termunology from physiology, physics,
and anatomy 1t 1s hoped that thus approach will simulate creat e thought to
this problem of vacabulary or language of excrase It 15 believed that the
dassification covers all clhimcally smportant aspects of therapeutic exercises
used 1n physical restoration and/or amelioration

It may seem that an exercise classification presents the dfferent types and

purposes of exercise in a static and unrelated manner However, this does not
exist m the clinical appheation of esercises for two or more types of exercise
may be prescnibed in one treatment program as well as many different combi
nations or sequences The exercise program active and/or passive may be

d d aut ly, meck lly, or lly Many exercise pro-
grams are admimistered 1 conjunction with other modahtes used i physt
<al therapy such as heat, water traction, and electrotherapy (29 .4) What 1s
essentral 1s the prescription for exercise that most nearly answers the chmeal
need, and this should be determined by the physician Basically to preseribe
exercise for a specific chinical need requires not only considerable knowledge
of the patient and as much about s condition as possible, but also consider
able knowledge of the patient and as much about hus condition as possible,
but also considerable knowledge of the different types of exeraise and their
h 1c physiol 1

SOME PHYSIOLOGICAL ASPECTS OF LAERCISLES
HAVING IMPORTANT CLINICAL SIGNIFICANCE

There 15 no ngid rule employed m prescribing the type of exercise for a
specific chrucal enhity Just as a physician delumts his prescnption to a spe
afic drug and regulates its dosage to achieve specific effects so also must
exeraise be presenbed and carmed out to achieve speaific therapeutic objec
tives desired i the treatment of abnormal conditions With the knowledge
of different types of exercise and their ct 1stic physiol 1 resp ,
the proper exercise or combmation may be selected that most nearly fulfills
the clincal need and therapeutic objectives

Passive Extreise

One of the chief therapentic values of passie excrase or bodily move
ment 15 the promotion and mamtenance of normal jomt motion  (44)
Passne evercise or movement, nonforced, made within the Iimits of free
range of motion which does not cause pam or spasm has been found to as
sist 1 the prevention of contractures, adhesions, capsular tightness, and
muscle shortening (29,.41,4479) Passne excreises are mmportant and ef

2



672 JANET A WESSEL AND WAYNE VAN HUSS

fective in mamntaming normal joint range while anaiting the restoration of
active motion m many nevrological conditions meluding cesebsal vascular
aceidents, poliemyehitss, and penpheral penve imjunes (42,79.83) Pamne
exerasse has been cspecially effectss e in helping to prevent the development
of fibrotic or myostatic contractures dunng re mnervahon penpheral
nene inquries {29 41,79) Reports of the value of passive exercise m reduang
the amount of reconstruction surgery m patients with permanently paralyzed
muscles due to pohomyelitss are numerous {4483 )

Passive exercise has been employed to induce relaxaion and sleep (39,83}
Persons who exhibit what 15 called “residual neuromuscular hypestension”
have been taught to reduce ths tension through rhythmical and continuons
passhve movements Another important therapentic value of pasyine exerise
has becn found to result from the fact that movement of a hmb mncreases
respiratory rate through the stmulation of the vanous penpheral secep
tors m the skin, hgaments, and jomt capsule (23,29) It 1 also possible that
therapeutic value 15 denved from the stimulation of proprioceptoss by the
stretching and shorteming of muscle dunng passe excrose However, it hag
been shown that the degree of propnioceptive influence 1s directly related to
mereased tesistance of the muscle contraction dunng actne movements
(hnetic, 32.42) Still, there may be some value 1n the carly stages of newre
muscular reeducation m the employment of passive exercise Passie exerait
has therapeutac value w assisting venous and lymphatic return (16)

Passiie exercise, forced, ate movements carned beyond the existing free
range of moton and may be done with or without the use of Tocat or
genesal anesthesia Passive forced movements are used to stretch inta arhict
lar and estra artscular structures which humit the jomnt mobion m a8 attempt
to restore normal joint motion and minumize pais f present (6,95) Steue-
tures lsmiting normal jomt motion melude the formabon of adhesons
adaptive shortening of fascia, tendons, museles, hgaments, and jomt capsuley
and the formation of scar tissue Selection of cases swtable for manspulatiod
mmght include the following condihions persistent pam m of around a jont
following minor trauma, osteoarthntic joints, adhessons and contsactuics
deformities of jomts due to theunatod arthrbis, and adhesions 1w tendon
sheaths Forced passive movements have chmacal application for penphe
nence anjunes, pohomyehtis, acquired or adaptne shortemng of muscle
structures, andl many others (6,44,51) Mechancal appheatson of forced P
sne exercise wnecludes such means as tumbuckle plaster cast, Balanced trackon
and sphintage, and braces (42,50)

Actve Exzreise
Active exercise, static or kinetsc, 15 one of the most important and effe®
tive modahtics i the chnical application of excraise Some of the more 10

portant therapeutie uses of actne exerese include mproving strengthy 5’::’
speed, and endurance of muscles, smproving body endurance OF stamiis
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neuromuscular reeducation or the recstablishing of cortical control of simple
and complex motor acts, nducmg of relaxation, slecp, and general well
being; developing of postural sense, improving respiration and mproving
Jjoint mobihity

Static Exereise Tlus type of dynamuc exercise 15 performed when the
muscles contract 1sometnically without producing jomt motion Cxercises of
this hind may be performed with or without resistance The clincal value of
this type of exercise has been to mamtamn muscle tone and airculation when
jounts have been immobilized by casts, sphnts, pain, or some condition
where jont motion (active or passive movements) has been contramdicated
(16,24 41,79) In the early stages of neuromuscular reeducation, the patient
has been taught to ‘feel” or become “aware” of muscular contractions essen
tial to the performance of a specific movement through static exercises
Another elinical use of thus type of exercise has been to teach relaxation by
making the patient conscrously aware of the feeling of being hypertense and
hypotense ( 36,72) A more recent use of static exercise has been m the de
velopment of muscle strength and muscle size by making the muscle con
tract 1sometmically agamst a fixed resistance in vanous positions for a
peniod of time (32,33) Also, through the work of many different imeshiga
tors 1t has been found that so called ‘nonfunctional parts of the body, for
example an mjured leg, benefit from this fype of muscular contraction when
the functional parts of the body are exposed to linetic exercise 1avolving
heavy resistance Tt 15 thought that such benefits may be explaned on the
basis of the concept that muscles work m prmitive patterns and through
associated reflexes (21,32,86)

Kinetic Exercise  ‘This type o
muscles contract, 1sotomically and eccentrically, pr
Jomnt movement Exercises of this ind may be performed with or without

' (1) the weight of

2) the addition of
the usc of springs,

cables, and o;;posmg muscle groups on 3 speafic body part orrlt%tal bod‘f,
and (4) the speed of the specific body part or total body wesght ; e tn)c‘o
Tesistance and amount employed are commensurate wath the t cr]apeu xtc
ebjective dunng the stages of recosery Kinetic exercises of minmal resx‘s
4nce are produced clmically by counterbalancing, manually au(;onomous“‘,
or mechanically (18) Ths type of exercise has been emplog et pnncxpcan 1‘
to strengthen, to merease muscle size, and to improve endurance "; w !
ened muscles, to T t toration or of joint motxonl; co
Promote endurance dunng convalescense, and to teach the pallmn rIn(;s
ment patterns in the re estabhishment of volitional control lost through du:
€ase or trauma (20,24 29,50,84)
Kinetic excraise employed to dey el
unnersally as “Progressive Resistance

f dynamic exercise 1s performed when the
oducing sigle or multiple

op strength has become known almost
Exercise " This type of hnetic exercise



674 JANET A WESSEL AND WAYNE VAN HUSS

15 of hugh resistance (weight) and low repetitions (18) The term ‘“hugh” s
musleading, for thus type of exercise 1s applicable to muscles of all grades of
strength Perhaps a term such as maximal may be used when such a term m
plies maximal related to the specific degree of strength or functional cond:
tion of the muscles mvolved Generally, 1t 15 thought that through this type
of exercise program maxunum functional strength 1s developed (18,32).
The chncal applications of this type of exercise are extensive Some of the
conditions that employ this type of therapeutic exercise are orthopedic con
ditions (trauma to jomts and muscles, postural deviations, low back pam),
surgical orthopedic conditions, neurological conditions (poliomyelitss, pro-
gressiv e muscular dystrophy, multiple sclerosis, polyneurthis, hemuplegia, cer
ebral palsy), and medical and surgcal condrtions, such as osteoarthutis, de-
feets 1 abdominal walls, amputation, childbeanng, dysmenorthea, thoracic
and abdominal surgery (12,18,20,24,26,29,60,79)

Kinetic exercises of high number of repetitions with shght to moderate
resistance usually consisting of the weight of the part or body weight or
water resistance are known as endurance exercises (24) The improyement
of end general body end ¢ ot local 1 lar end €, 18 Con
valescent patients 15 based on the general biological prnciple that organ
function 1mproves to a certain extent by repeated use and estension of stress
while disuse leads to varying degrees of detenoration in function of the spe
cific organ or organs in question Depending on the ndividual’s tolerance
for exercise, the patient with a program of graded endurance excreises
(repetitions  tesistance, speed) can mmprove considerably the regulatory
mechanics 1n temperature, respiration, local and systemie circulation, and
assist m the mamtenance of general metabolsm (9,12,16,23,43) High
repetitive forms of exercise may be brought about by the use of bicsching
typing, smimming dancing, games, and so forth

Kinetic exererses employed for mducing relaxation and developing P8
tural sensc are body movements with the resistance generally bewg the
waight of the part of the body mvolved or the total body The degree 0
which muscular tension can be reduced 1s quite vanable Howeser, the ferm
relaxation 15 used generally to indicate that a reduction 1n muscle tenston
has taken place Kinehic exeraise 1 the form of thythmic movements 3¢
commonly employed to promote rclasation These mosements are brought
about by muscular contractions moving different parts of the body ol
temnately This kind of toutine 15 carned out 1 each arca of the body 19 2
definite sequence The movements may be large or small (72) In the de:
sclopment of postural scnse, the patient develops an understanding 20
fecling of balanced al as well as lar contractions essentid 10
I(Jl’l6ng :l)bout and control this position or positions through hinetic cacrene

46,94

Today one of the most valuable uses of kinetic excrescs 15 10 the 3162
of neuromuscular recducation In the process of recstabhishing volitional €07
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trol, kunetic exercises are employed m many combmations and sequences
Many other methods or techniques miyohing hysol 1

P al reactions
along with the apphcation of kinetic evercises are bemng used clmcally
(71073}

It151n the area of neuromuscular reeducation that climcal research may be
particularly frmtful The disciplines of neural physiology and physiological
psychology have and are developing research m the area of motor leamning
much of which 15 directly or mdircetly appheable to the problems of re

of these ;nechnmsms altening the nature of the stmulus bemng appled to
muscle are known, but not too well understood and, many more probably
aust, of which there 1s Iittle or no knowledge (25,42,59,70,81) Whateer
the mechanisms 1volsed m motor learming, 1t 15 known from chnical expen
ences and expenmental studies that new movement patterns are leamned and
arenot a “sequence of mosaic actvations of specific muscles (70) In other
words, obsersations indicate that leaming a new motion pattem 13 partially

that muxement‘ (7;) \When one takes into consideration the complexity of
thus problem, 1t 15 not difficult to understand the drergent findings that eust
m the field

Finigur avp Stress®

There 15 cons:derable diergence of opmion concemning the effects of
fahgue brought about by therapeutic exercise upon restoration of function
(39.85) The pomt of 1ssue seems to be the effects of exercise fatigue upon
muscles severely damaged by poliomyehitis and ot‘hex diseases ‘The qucshlfln
may be raised, “Would such fatigue or exercise ‘stress’ produce mmepara e
ISR Anemarmn aed fae nealane the nenod of restoration of function?’

oubt concerning the eticiency or tnis &y pe oL
Gercise program i the early stages of comvalescence Howlmuch mntxt:
1ured or diseased muscles take? Much worh 15 needed to cval ?ate cigan 1

tvely the effects of muscle fatigue mn the clinical application of speaific excr

(’8,32,.;3) Ti)er‘e 15 still some d

, fague produced
duced by exercises

* General dscussons of fatigae and stiess are presented 1 other chaptess of thi sym
um
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wnvoling many muscle groups Local muscular contractions are essentially
locahized and produce httle change 1n cardiovascular or respiratory function
(18,23,43) However, exercises mvolving a large number of active muscles
which demand oxygen and elimmation of waste products produce considera
ble changes i the cardiovascular and respuatory functions Consequently,
patients long wactive with reduced cardiorespiratory efficency may be able
to tolerate only local exercises (5,53) Kinetic exercises of the endurance
type must be graded slowly and progressively to all for readjustment of the
cardiovascular and respuratory systems {23,65,67,92)

Selye's work on stress and the formulation of the adaptation syndrome
may have important clinical apphication 1n relation to fatigue brought about
by therapeutic exercise (77) It seems to be established that exercise
beyond the capacity of the individual could ghve nse to a severe stress 1ea¢
tion which may hinder the recovery process Considerably more research
wark needs to be done before the full imphications of Selye’s stress theory
for therapentic exercise 1s fully understood

PRESCRIPTION FOR EXERCISE
InTRODUCTION

The preseniption for exercise has taken the place of many passwve forms
of treatment m total patient care smce World War II (16,47,4) A won.i of

of exercise as well as the choice of exercise and technique of admunustration
will vary with different clinical needs from mdvidual to mdvidual The
future progress and fundamental values of all types of exercise medicine
to a great extent would seem to depend upon the understanding and Lnow!
edge of the exercise prescription by the physician and sacntific method of
administermg 1t to mect the chnical need

Like other prescriptions, the prescnption for exercise 15 based upon the
physician’s hnowledge of the patient’s condition as a whole and 15 used 1
conjunction with wh ot N mene n
All patients should
cxercise presenption ... bt WAy i 9 e = e
status, jout and coordinate muscle responses, and status of thoracic and
abdominal walls

In the adminstenng of the crercise program the therapist should hae
adequate understanding and hnowledge with regard to (1) the phy siolog!
cal effects that a speaific excraise program 15 capable of producing its
chinical apphication, (2) techmcal knowledge of exercise procedures use
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1 the admimistening of the speaific exercise program, and (3) evaluation of
the patient’s condition with respect to need for changes i prescription, un
usual reactions of the patient to the exercise stress, and achievement of
optimal results by the patient The chnical value of any exercise program 1s
directly related not only to the exercise prescniption, but also to the mtel
Igent administening of the exercises prescnbed for the particular patient

VarusLes Arrecting TRE Drsmep Outcoves oF THERAPEUTIC EXERCIST

Seemungly, one of the most 1mportant causes for the ineffectiveness of an
exetcise program lies withun the realm of poor prescription As stated pre
viously, each type of exercise has a unique physiological effect which guves to
each exercise a different therapeutic objective So also, will the manner or
method used 1n admimistering the exercise affect the physiological responses
and denved therapeutic objectives Thus 1t 15 extremely important that the
exercise prescnption melude not only the type of exercise and speafic exer
ase and 1ts purpose, but also 1t must control the vanables that mfluence the
effectiveness of each esercise m the program m meeting the speeific chmeal
need Some of the 1important sanables or factors that must be considered m
clude the following

The precautions what, where, why

The exercise type, purpose, how (autonomously,
Conjunction with other modahities

The duration each exercise and total exercise program  daily,
monthly, number of exercises m the program the frequency of each exer
cise movement

The evaluation when, what, and how

The nature of the exercise mosement slow or fast moving fixation, ballistic,
pendular, osallatory, or fixation lateral or bilateral or
alternating

The range of the excrcise movemen

The rhythm each exercise movement and total
of events of work and rest for eacl; enercise,
between each treatment, amount of rest

The timing the sequence of events are properly timed for &c: exercise moy (E;
ment timing with respect to when force 1s applied or o; c; !?casulcs
elicit, remforce, or coordmate muscular TESPOnSes, how long force 1s ap-

m

plied, place of each exercise withm the progra

The pmgl:emon range, load, speed, power, work, energy expended with re-
spect to each exercise and total exercise program

The intensity of the stress load, resistance, speed, 5)0\\63 ;:oo‘ik, energy place
of stress to the exercise movement {where placed) an

mechanically or manually)

~

weekly,

(RN

t range of each movement
exercise prograni, sequence
between cach exercise, and

=3 ~ o

-3

o

Atypical prescription form used for progressit e resistance exercise 15 depicted

nhg 340
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CorsmeraTION OF THE CLINICAL APPLICATION OF EXERCISE

Generally spealung, conditions for which therapeutic exerctse as defined
m this discussion are used fall within three major cliical fields, orthopedic,
neurological, and general medical and surgical conditions There are certamn
other fields 1n addition to these but the present use of this form of exercise
1ssomewhat limsted

Orthopedic  Therapeutic exercise has been used extensnely m both
surgreal and nonsurgical orthopedic conditions (4 29,41,79) The purposes
of exeraise employed chncally for these conditions would include restora
tion of joint and muscle function, relaxation, neuromuscular reeducation,
proper skills 1 body mechanics and postural sense, and overall physical re
conditioning  Some examples of nonsurgical orthopedic condtions for
which exercise has been employed would melude low back pam {postural
and undiagnosed low back pam), deviations from normal balanced pos
tures, residual neuromuscular hypertension, conditions of fibrositis referred
to as myalgia, myositis, myofascitis, and lumbago traumatic njunes of
muscle and fibrous tissue, bursitss, and perrarthntis of the shoulder jomt
Examples of surgreal orthopedic conditrons utilizing the restoratne value
of exercise include memscectomy, patellectomy, lup arthroplasty, fractures,
and hermated s ertebral disk

The therapy reg:men emphasizes the followng pomts (1) treatments of the
whole man and not the disability, (2) early commencement of all thera
peutic procedures, (3) progressne nature of cach step of ‘lhe program and

1 manner )

include poliomyelitts, penpheral nerve njurics, cerebellar atama, progressne

Y, tal sy, herm
P! multiple sclerosis, cerebral palsy,
- ular atrophy, tabes dorsalis, p rosts, ccre ‘

mability of 1omn e spasm or spasticity, and lack of endurance

nezmelnn;;:?:xsmnpof esercise 1 the therapy regimen bfm' n;‘:x:]’;ilg
<l conditions 15 tremendous Basically, this expansion is being broug] !
by the development of newer neuroph)smlogncal concepts r:ofncctr]mngl mms|
cle performance as well as scientific deselopment of methods for the chinx
pplication of know n neuromuscular mechanism (75)
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General Medical and Surgical Condrtions  As m any clinical condition,
the therapeutic use of exercise 15 based on the knowledge of the pahent’s
condition as a whole, and, 1t 15 used m conjunction with whateser medical
and surgical measures are necessary Eaamples of clnical conditions for
which therapeutic exercise 15 prescribed include  cardiovascular conditions
such as heart disease and theumatic fever, respiratory conditions such as
tuberculoss and asthma, and cardiorespiratory poliomyelitss, chronic fatigue,
perods of bed rest and immobilization resulting from surgery, or general
medical conditions such as arthnitis and rheumatism, functional disturbance
of the pelsic organs and postpartum conditions, digestrse conditions such as
visceroptosis and functional constipation, burns, and amputations (35,20.4)
The overall therapeutic objectnves for the clinical apphcation of exercise
would mclude overall physical reconditioning and body endurance, restora
tion of jomnt and muscle function neuromuscular reeducation, relaxation,
and proper body mechanics

The therapeutic role of excreise, as well as all types of physical achwty 1n
the field of medicine and surgerv recewved 1ts greatest mmpetus during the
Sccond World War Since that period many reports have been made as fo
the use and abuse of bed test for medical and surgical conditions Accord
g to these reports and recent research 1t seems apparent that prolonged
bed rest and complete absence from normal actwvity Iead to untoward results
such as hypostatic pneumoma, pulmonary congestion, acute pulmonary col
lapse, embolism thrombosis, edema of the lungs, loss of appetite, constipd
tion, distention, unne retention, loss of mitrogen, potassium, phosphorous
and calcium, renal stones, adaptive shortenmg of joint and muscle stra¢
tures, atrophs of bone, loss of vasomotor tone and blood volume, bed sores,
muscle and skin wasting, and phlebitis (16,19,30,48,84) With the uses of
exercise for the prevention of these comphcations m general medical anfi
surgieal conditions has come new terminology ncluding “early ambulation,
‘bed exercise,” ‘ deconditiomng phenomena” and physical reconditioning
programs in medicine (16,48,68)

Crinvicar TECHNIQUES OF APPLYING EXERCISE

The evidence befly reviewed 1n the previous discussion suggest that there
1s an ever present challenge in the selechion of methods for the restoration of
strength, endurance, range of moton, relaxation and neuromuscular con
trol in the rehabilitation of the 1ll and disabled The widespread use of van
ous exercuse regimes 1 medicine today suggests that the end results of many
dnerse conditions can be improsed appreciably by the judicious control of
all excraise and achiaty programs It 15 apparent, however, that the physi-
logical aspects of excrise must be understood 1 order that the exercise P
gram presenbed 15 mdinadualized to meet the particular needs of cach P
ticnt, and not mere sote adherence to any one system of excreise currently
populanzed Also, of utmost impostance for the continual effectssencss ©
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exercise employed chinically, 15 the use of a systematic approach to obtan
evidence to test the efficacy of present day climical technique for applyng
exercise and to support modifications of eseretse technique supplied through
clinical expenences

Although the effects of exercise upon physical performance are discussed
m detail in other chapters, a few considerations are mentioned here because
of their pertinence to needed research The general aspects of some chinical
techmiques of applying excrcise to restore strength, range of motion, endur
ance, and lar control are p d here

Techmgue Used to Improve Strength There have been suffcient
studies to indrcate that exercise will withm himts merease strength, and at
the same time bring about concormtant effects such as muscular hypertrophy
and central nervous system relearmng (18,32) The muestigation of the
structural changes concomitant with the strengthening process showed that
the number of fibers does not mncrease m hypertrophy but that the size of
fibers increases (1). Augmentation of strength 1s produced through exer
ase eheiting the following types of muscular contractions shortening,
lengthening, or 1sometnc contractions (18,32.33,43,95) Hethnger and Mul
ler demonstrated that (1) strength mcreases most rapadly when the load
1s approximately %4 of manimal strength and (2.) one traming session per

. "'. L “: [ o ' doa
e e [ !
extension of limts of performance depends (32) Other findings reported
 the same study were that gamns n performance vaned with the frequmcg
of the practice session and the duration of the overload effect the spee
with which changes occur were attributed to neural changes v ohung c(:ln-
curtently, and the ability to develop manmal tension appealreddto be a:
pendent on the proprioceptive facilitation with winch overloading 15
sociated
The first sertous effort made to formahze 2 chinical techmque dcsxgncgi to
develop muscle strength 1 as short a hme as possible appears to }B‘io ecn
eLorme’s heavy resistance—low repetitive EXERCISe (17,18) . : dm(\g
advocated repetitine exercise, 7 to 10 bouts, m which the patien ;sced o
step up the amount of load employed Maamal rcs:stancch\ms mc:i cased at
weekly intervals In later reports by DeLorme and others the pfmcz ure w2
modified to include 1 or 3 bouts of exercise with only 1 bout of rr;'( mal ef
fort or of “overload” of 10 repetittons (18) Smce lhc"ﬁxst]mtr: uc on o
?cLom\e’s “Progressne Resistance E\imzlzifph]?cl:tm: t]:;m cf{‘ ol
its chinx
\'::-.:I:\i z{\?x:): \an—a”tlof:ff'\ I«S: tl}?e «(xford Techmque” (95) In this cxcr‘—
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cise has recently recenved much attention Studies have been reported dem
onstrating that umlateral heavy resistance exercise which increases strengtl
of the ipsilateral imb has strikingly sumilar concomutant effects on the con
tralateral unpracticed extremty (31,91) This concomitant effect appears
be neither haphazard nor brought about accidentally. It seems apparen
that the effect upon the unexercised muscles may be explamed n part b
the teamwork of muscles n the roles of fixators in stabilizing parts of th
body and mn the renforcement of assoctated reflex mechamsm (31,57
9091) The augmentation of strength m the unexercised limb seems to bi
brought about essentially by 1sometne contraction—nonperceptible as gros
movement The use of facilitatory action and assocrated reflex mechamsm
.

dered 1n designing exercise | 0“ to strength chmeally

load, speed, rest pauses, duration effort, frequency of actnity penod, type o
contrachion, pattern or smgle mosements, posihioning, and concentratior
(32,75) Besides these vanables, other factors which modify the exercist
program used chnically at any gien time m the patient’s treatment clode
the duration of mactity, degree of paralysis and atrophy, type of disability,
and amount of jomt mvolement The vahdity of some of the currently
popular techniques of applying strength exercises has been senously ques
tioned by Hellebrandt and Houtz (32) It was the conclusion of these 18
vestigators that the numerous vanations mn the procedures of admimistenn
heavy resistance exercise are almost wholly empinical It would seem that the
present day use of strength exercise techniques 1s based more upon chmcal
expenence and eapediency rathes than upon research findings

The research n this atea 15 confusing Compansons of heavy resistanc®
techmques have revealed few differences of statistical sigmficance This
appears particularly where there 1s a common factor of overload 1t 1s p&S
sible we are wasting considerable time n tedious repetitions where fc‘.\' f“’:‘n

high It may be, however, that the phenomena of 1sometnc and 150108
strength are sufficiently diff that the techmques of traming to producs
mmprosements should be different Certanly, the seasoned therapist should
not change proven techmque until the evidence ments 1t Mullers work
should be carcfully evaluated and repeated with comy made to ¢
dynamic programs of DeLorme and Zinovieft {18,05)

Strength measurements have been employed chnically as mdicat

ors of
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the rate of recovery from disease or trauma as well as efficacy of treatment
techmques and the end pomnt of effective treatment and residual abihty
(37145,76,7.4,89). The clmical evaluation of local and generalized muscle
strength includes (1) the single effort test, (2) repetiie effort test, and
[B% v . - -

ment of tension against a fised resistance Studies reportmg the use of this
last type of test are meager The single effort test employed manually seems
to be the test unn ersally pted The techmque 1s Iy known as
mamal muscle testing (15,45) The perfection of testing techmques to
measure strength through the full range of motion both statically and dunng
graded movements would merease our hnowledge of functional strength
considerably.

The first muscle tests onginated n this country about 50 years ago Since
this time 1t 15 of interest to find that the punciples and basic methods of
manual muscle-testing remam essentially the same as those developed by
Lovett and Wnght (57) This tvpe of testing 1s based on the prnciples of
gravity and resistance Through the years some modifications have been

of assessing paralysis was 0? cntical importance A view of manual muscle
:::tm& its development and current use, wath an extensine bibhography has

en reported by Walltams

Inst:,;ments t};wt have beﬁa?e):mplo)ed for measurement of muscle strength
include the dynamometer, electromyograph, tensiometer, myometer stramn
83ge, ergograph, and spning balance scales ( 37) Clarke has standtarébf}e]d
strength testing techmiques using the cable tensiometer and presented the
"l’lectmty coefficients for these tests (11) Recently published 1s a report
dealing with studies of human strength with particular attention to xesll)xllts
of strength tests and relabionships between strength and olhex"l vamal ) he's’
(37) Ina recent article the wnters questioned the'menmrng|of —stren‘g b

that we wi] be abTe to prescnb‘e the appropmate 0+ erload to obtamn the de-
sited unprove;

In thg us‘; :;ef‘l:;cnona] or achievement tests the objectine Sntencnfsg:g
tobe the time factor m performng the actity (13.,52) The CSI;B’;;I o func.
tiona] testing seems to be to determin how many daily actnkxtx’:i-sh e pd l:dcs
€an perform i his home and m connection with his \\f\r ’ kc‘j:} ude
Such tests a5 My Score, and Daily Ling Shalls, (ADL) Actity y

Living (13)
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The clincal use of these objective measuses of strength seems to be based
for the most part on empincal evidence There 15 particular need for long!
tudinal improvement studies evaluated by various strength measurement
techniques for companson purposes as well as for other quantitative studies
to determine the validity of these strength tests Such studies may help shed
light upon what 15 actually mvolved m the strength tests and furnish further
1nformation of the currently popular techmques of exercise

Techmgques Used to Improre Range of Motion  Chmcal procedutes

prescribed Exercise, passive and active 1n some combination, has been par
ticularly effective 1n conditions of complete denervation, temporary or per
manent 1 preventing or reducing fibrohic and mjyostatic contractures
(4461) Laercise techniques have been contraindicated 1 the presence of
acute infections, mlammatory processes, muscle spasm, and boney obstrue-
tions {4461) The divergence of opmion and resulting exercise technique
seems to be based upon the question of when and how much to stretch m
selected disabilities

Exercise techniques recommended for the treatment of penpheral nene
wnjuries may ayond stretching through the full arc of the movement dunng
the stage of paralysis before remnenation occurs (83) Other evercise
techmiques approach the problem through daily exercises through the range
of movement, and still another recommendation advocates daily mosement
through full range 1n the direction of stretching the normal opponents but
avouding full range m the dircction that places tension on the weakened
muscles (44) The exercise techniques differ not only i terms of stretch
or range of movement and diection but also 1n the number of movements
Some advocate one movement daily while others advocate more The‘re

S b v v v aviuus wepm e
15 based upon the chinical expenence of the physician and the therapist
There 15 more general agreement or standardized procedures for stretch

loss of function from transitory types of weakness or paralysis (44) Her
agamn, however, 15 2 lack of quantitative studies to evaluate and compaie the
efficiency of the climeal techniques employed today

Some interestmg matenal pertaming to ndications and contramdicatio®®
for stretching has been reported by Kendall (1,44) In ths repost i s
postulated that the important factor determming whether any gen
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muscles should be stretched and to what extent as well as how should be
the distnbution of the structural changes within the muscle or muscles re
gardless of whether the lestons are of circulatory mjogenic or neurogenic
ongm Three questions were raised (1) Can muscle left with healthy
muscle mn half of its length and the remaining part fibrous tissue withstand
stretching through normal range of motion? (2) Can muscle left with half
or more of 1ts muscle cells replaced by fibrous tissue in a spotty distribu
ton be expected to stretch to full range of motion? and (3) Can muscle
cells undergomng atrophy or d 1on withstand the same amount of
tension that can be tolerated by normal muscle cells? These speculatm?s
1

1 1 . 1
of motion 15 used most frequently (63) Such measurements have many pur
poses the analysis of the patient problem panning of chmical procedures

concept of expressxgn of range n motion Three concepts are present
(1) the anatomcal position of jomts 15 considered 180 and the ﬁgureﬂthen
decreases through the range of motion (2) the anatormical positton 15 0° and
the figure then increased toward 180° and (3} all basic motions are de
seibed on a full circle of 360° 1n a sagittal plane (63) In order to establish
some sort of standard techmque the Orthopedic Apphance Atlas has
recommended that the anatom cal posihion be constdered zero

The 1nstruments for measunng jomnt motion as well as methods fox]xe-
cording are extremely d versified The difficulty n the n;cgsm:]ments o::s
puncipally in rehabihity The struments are the smgll:; an céu of“%?::;ge,s
ctets and flesimeters (5463) with the single and duu] t]:)alr:ne ‘g uiomelers
used most extensively There 1s evidence that the rehability ;) ‘g x:lx meter
Measurements can be mncreased through the estab]xsgm}fntAo ;::‘cea;flf}e]e
Procedures (63) The Departments of the Army and the Aur f

United Stat cent] dardized their jount P
(40) Instru::cxrx:s useﬁ 1n clincal situations afe made of all tn;c:dog;n:xt:
¢

13l Methods of ding joint an
fied with sketches ciagrams charts photographs stick figures and wntten
Measurements m use today (40 63) ¢ range of

ge of motion are ex

Inst, techmques of recording jown

lremel;ux‘:le?:t;:ﬁo :he ﬁgld of therapeuhic exercise 'I'h?;i pr:lblcm? gomt ug
the need fgr serjous study 1 this field The needﬁcto sk'u y the l‘,:cld l,?,, ::L
the rehability of different mstrum t: 3:1"1 spect q
ng oint measurements 1s readily apparen
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Techmques Used to Improve End Generally, chinical technig
for mcreasing endurance are indirect rather than direct Howesver, there are
some exercise procedures aiumed at increasing endurance of focal muscle
groups Accordmg to DeLorme, endurance would result from a program of
Tugh repetition and a hght load imvolving the focal muscle group (28} The
chimcal techniques usually employed for ncreasing overall bodily endurance
utilize graduated activaty programs wath special attention on the balance and
integration of total body function (23,43,8z) Excrcise programs have been
employed for the following climical conditions cardiovascular, respiratory,
and metabolic madequacy, chronic fatigue, bed rest and immobilization,
and deficient functioning resulting from neuromuscular disease or mjury
However, most of this work has developed 1n the areas of cardiovascular,
tuberculosis, chest surgery, genatries and cardiorespuatory poliomyelits,
and general medical cate {5,9,14,28,35,64,53.67,82,81)

In clinical use endurance exercise has three different approaches (1) De
crease the energy requirements of an actvity by mcreasing the efficiency of
the patient s mechanics in specific desired tasks Specific relaxation proce
dures may also be considered (2) Redirect the functional goals of the pa
tient by evaluating which activities are essential and which are elective or
could be deferred In genatnic patients, for example, small doses of exercise
over longer penods of time appears to be most benefictal (5,64) (3) Chang
ing of the energy reserves through reconditioning procedures

The classic work of Leithhauser and the mulitary research on physical ze
conditioning are cxamples of the latter approach which has proven to be so
stnking 1n the last several decades (58,55) Not only do patients recover
faster but there are fewer complications The basts of the program rests 1 no
small part in that deconditioning due to mactivity 1s reduced, permitting the
orgamc functions to be mamtamned at levels more conducive to recoven
Also the psychological outlook of the patient 15 better, which pownts up an
mteresting atea of study—the attitudes of mdnduals at varying strength and
curculatory levels

The physiological principles on which endurance exercise 3s based arc
silar 1f not 1dentical to those encountered in the traming and retrauting
of athletes (23,43} However, problems of patients dunng consalescence 3t
much more complieated duc to the patient’s low resistance and the Jessen
g of the regulatory capacities pertamng to airculation, respiration, tem

perature, and metabolism (23,82) The 1mposition of endurance CXeICISes
oA an A 1 LI + 1 £ —nee harm

v L
aise, blood pressure changes, respiration, color changes, and pcrfom“““
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tests (ADL, Master's Step Test, ete ) to gude the therapist With this
Inowledge his set of exercise prnciples, often denved empincally, then
seves as the basis for the program along with the answers to the followng
questions How long has the patient been inactine? What are the speaific
lmitations 1mposed by his illness or mjury? What specific and general
changes are desired” What exercises would accomplish these objectives best?
These and other questions are first answered, then a general estimate of the
patient’s resistance level 1s subjectively made The chorce of the actvity ta be
used 15 based on the mtensity level desired The energy costs of vanous ac
taties provides an excellent gude for this purpose Weiss and Karpovich
{92) and others have reported such basic mformation Rate of work, load,
shill, and duration should all be taken mto consideration The patient 15 then
Put to work carefully watched, and the program altered as needed The
therapist understands the more overload that can be applied, the faster the
recovery, but he also recogmzes that 1f too much 15 given the patient will

Tetrnmrace

studies to mveshZaterand evaluate endurance programs used to assist the
Patient 1n development of sustaned function without harm or mjury are
essential for future progress It 1s clear, however, from the research that pro
longed bed reit and absence from normal actrty can no longer be the
‘512 qua non” of the treatment of patients suffering from medical and surgi
@l conditions (84)

Techniques for Neuromuscular Reeducation cdne
tion 15 used most frequently to designate treatment procedure for t hc e
veloping or redeveloping of useful motion patterns in patients with 1m
paired neuromuscular mechansms as a result of faulty development, trauma,
or disease of the central nervous system or the muscle-skeletal system Re
education of this hind wonld have application 1 clintcal conditions such as

Neuromuscular rceduca

Neurom;;gl;l;rdx:'cgdilzzéxon 1s concerned with applymg \"mou; ph\sndw
logical prnaples which can be used for ehciting, renforcing, an C:;:];r
nating of muscular movements 1 paticnts wath impaired nefur::mﬁlatm
mechamisms (75) Any techmque employed is uscdasa mmns‘o st z
antd strengthening the response of the
'ato useful motor patterns !

One of the moft interestmg and effectne technques m ;1::,::1‘;:;:1
troduced by Kabat {4z) In the first techmques, great emp!
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on the appheation of maximal resistance throughout the range of motion,
using pnmitive patterns and postural and nghting reflexes Also stretch was
applied to groups of muscles and for greater propnoceptine shmulatron,
motion was performed first 1n the strongest part of the range of motion Re

- ° o
and 1sometnc contractions (thythmic stabilization) had a facihitating effect;
and, combnations of motion that proved most effectine were sparal diagonal
patterns The application of these techmques has been made m gait and
self care activities to accelerate the learming process and to improve strength
and balance

Other imestigations seem to wndicate that the afferent impulses play an
extremely 1mportant role n the imtiating of the neuromuscular mecha
mism eliciting motion and 1n the remnforcement of volibonal effort (10,28,
25,49 57) The use of afferent impulses 1n neurc 1 ducation pro-
grams 15 widespread Some reinf hmiq! ported 1n the train
ng and retraming of patients with neuromuscular disorders mclude the uses
of brush for skin stimulation, cold apphications, the use of reflex mhibiting
postures and sequence of developmental reflexes, maimal proprioceptie
stimulation through resistance, stretch, patterns, associated movements,
and postural and nghting reflexes, actnation of pnmitn e movement pattems
and conditioning of basic spinal cord reflexes to achieve useful gross move
ment, and the use of noaiceptive finger bending reflex, the pushmg»pul[mg
gé 8!m)nts, tapping, rabbing or squeezing of muscles (7,10,21,49,57.73 75

o7

Chimical application of methods or techmque used to ehait, remnforce, 07
coordinate muscle response seem to be extremely dnersified There are 10
set rules to guide the selection of strmul or technuic employed fora pamculal
patient (10) The selechon of the proper shmult for a particular patient
seems to be in terms of the patient s reaction to numerous strmult If unde
sirable effects are obsened and the progress 1s hmited the stimalt and
method of technic 15 changed The deading factors in the selection of

the selected stimuli and &
neuromuscular mechanmisn '
the most important (23) N

tions would be generally tned fisst or m con]unct;on with other stmuls 10
facilitate volitonal achwaty If this does not succeed then actnation of the
paralyzed muscles as part response m a reflex pattern or as an assocated
motvement 1s employed These traces of yolitional actnaty then can be 1@t
forced through the exercise program
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It 15 observed that many of the neuromuscular mechanisms controlling
muscle performance show many exceptions or sanations 1 normal per
sons as well as patients extubiting pathological conditions, e g, the relation
of length of a muscle to volitional excitability of different jomnt positions
which elicit response Other aspects of motor learning that are finding their
way into chinical situations and investigations are methods used to augment
performance or work capacity These include such things as change n focus
of attenton, motivation, mental concentration mtroducing of difficult pro
cedures, vanation 1 performance or exercise procedures, and spacing or
spreading of performance or exercise time (2,32 85) It 15 apparent that the
mevement potental that exist i neuromuscular reeducation programs 1s
just beginning to be realized Of utmost importance m the progress of this
type of program 15 the gathenng of scientific data concerning the use of
these vanous technics in stmulating the still funchoning neuromuscular
mechanisms 1nto useful motion patterns

One important conclusion that has been reached by workers m this field
s that all exercise programs designed for recducation of the central nervous
spstem have some effect upon the functional condition of the penp‘l"tera]

h s Correspondungly, all exercise prog! designed sp to
testore strength, endurances or range of motion bnng about some reeduca
tion of the central nervous system All m all, 1t 15 mcreasingly apparent that
the whole organism 15 mvohed m volional motor actmaty and that
changes brought about through volitonal actvity are not as local as they may
seem (75)
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3 5 CHARLES H McCL

Plysical Recondutioning for the

SUMMARY

Prior to the widespread use of plysical reconditionsng m medicme, t

ustomary procedure was for patients to lie i bed until they were almc
ready to return to their homes or, m the armed services, to return to dul
Bed rest of this kind resulted i one degree or another of physical deconc
tiomng and frequently 1t resulted i an attack of phlebitis and sometim:
fatal embolisim

Physical 7acond1txomng, which recened its greatest stimulus to develoj
ment durzng World War 11, imohes having the patient exercise first im be
and then later oyt of bed The benefits of such a program are that the
tient may return to work i about two thirds the usual trme, he does not haw
to recuperate as much strength after release, and certain hazards assocutec
with bed rest are reduced

During World War 11, the present author was associated with the Depart

ent of the Army and was largely responsible for the preparation of a for
mulary for the guidance of physicians n thewr prescriptions of exercise for
yanous fypes of patients The general objectnes of such exercise prescnipr
tions are (1) to prevent dccona'monmg (2) to recondition patients
whose Strength and endurgnce have been Iow ered, (3) to strengflli"l'
weakened parts, restore range of movement and 1 general fo restore nom;ﬂ
function, and (4) to ard 1 the rejuvenation of the aging Of course, f’;
nature and wtensity of exercise must vary, depending upon the type ‘y’
seventy of dllness and the response of the patient to the program Under
proper conditions results obtamned are often striking

General principles governing the use of exercise for the 1I'l xm:IuPdf{
’ " ‘ -

(2) there muyst be an overload rm #1

b mmmr e eviinuous, (3) all exercises used must be beneficial, (4) the
694
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exercises must build strength and muscular endurance, and () there should
be special for disabilz of mdwidual parts of the body, eg, the
chest or the knees

Actvihies frequently utilized m the reconditioning program include
freehand exercise, exercise with dumbbells, barbells and springs, posture exer
cuses, cerfamn g 1ph actpities, med ball handling hiking
runtung and nformal games sports and aquatics

Although exercise 15 being used far more extensnely in medical practice
than 1t used to be, shill there are indications that 1t s far from bemg fully
explosted as @ means of hastening safe patient recovery and mncreasing the
turnaver rate of patients m hosprtals—with all that this implies for indnidual
well bewng, findncial savings, work output i industry and elsewhere, and
availability of niedical services

Physical reconditioming 15 a relatnely new field m medicme It recened
its greatest shmulus to develop durmg World War I when 1t was used i
the hospitals of the armed services 1 many countries

Before the use of reconditroning prog m med the lly ap
proved procedure was for the patients to ie i bed until they were almost
ready to retumn to their homes, or, m the case of the armed services, to re-
turn to duty They were, after a week or ten days, usually permitted to get
out of bed and walk around the hospital This procedure of prolonged bed
test frequently resulted m the patients suffering an attach of phlehitss,
with sometimes fatal attacks of embolism In more recent years tw0 move
ments hae cooperated to avoid ths result One 15 the movement termed

early ambulation, 1n which the patient 15 gotten out of bed quite early
on the second or third day after his operation m surgical cases, and very
soon after hus fever has returned to normal {or his sedimentation rate has
dropped to normal) and encouraged to walk a bit every day The other 1s
this mosement of physical recondittoning i which the patient 1s first exer
cised 1n bed, and then later exeracised out of bed mn some evercise hall con
nected with the hospital The results of this latter program have been that
the patient 1s usually ready to go back to work in about two thirds the time
that would have been talen had he not been gnen this exeraise program,
and he 15 prevented from deconditioning, so that he does not have as much
recuperation of strength needed after he 15 discharged from the hospatal
This type of procedure 1s not only mmportant i the armed forces, but at 15
extremely important m conncction with industnal medicine, as 1t lessens
the number of days that the patient 15 m the hospital, and gets lum back to
full duty on s job 1n much quicker tume Thius sascs wages for the warker,
results m less Jost time for the employer, and avoids unnecessary time lost
upon the part of professional workers

In the armed senices the patients were largely young, and usually the
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disabilities were acute In prnate medical practice and n ndustnal med:
cine, as well as in veterans hospatals, there are more and more people of
mddle and older age and of both sexes, and many of the disabilies are
more chronic

In the hospital situation the prescniption of exercise must always be
made by a physictlan In many cases this may be the physician who 15 treating
the patient, or 1t may be a physiatnst, or specialist 1n physical medicine, who
1s cooperating with the patient s physician This prescription is not usually
made by the doctor n th !
might wiite a prescuption
What1s meant by thisss, . .. .. e
used 10 the hospital m the form of a formulary * In the recent World War
the writer was one of those in charge of the physical reconditiomng of the
Department of the Amy The first draft of this formulary prepared for the
Army hospitals was wnitten by the wnter It 15 called TM 8292, Physical
Reconditionmg In a revision of this test, there was another part added,
TM 8-294, Advanced Physical Reconditioning This exercise formulary was
first wntten, and then every part of the book was discussed with specialists
For example the exercises for patients with disabihities of the heart were
discussed with the cardiologists of the Office of the Surgeon General and
with cardiologists 1n several of the Army s hospatals where a considerable
amount of expenmentation with the program was done The part having to
do with general medical treatment was gone over with the specialist 1 1n
ternal medteme at the Office of the Surgeon General, and 1n hospitals The
correctise exercises to be used for indivadual disabilities, such as an mjured
shoulder ete, were reviewed, first with specialists from the Department of
Physical Therapy of the Office of the Surgeon General, second by the
surgeon 1 charge of Orthopedic Surgery at the Surgeon Generals Office,
and later at several hospitals Each section of this excrense formulaty was
prepared 1n that manner As a result, physicians who were not well a¢
quainted with how to prescribe exercise could with confidence prescnbe the
exercises given in that formulary

OBJECTIVES OF PHYSICAL RECONDITIONING

The objectives of physical reconditioning are as follows

1 To prevent deconditiomng by giving exercise 1n hime to maintal
Ppatient s strength

2 When there has been deconditioning (as would, of course, be true y
such illnesses as theumatic fever and 1 cases of grave mnjury), t0 recond!

tion the patient and brng his strength and endurance back to nonnal{
1 bt o

n the

the medical staff of the hospital
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3 To strengthen weakened parts after the cessation of defimibive treatment,
to increase range of motion, and 1 general to help to retum to normal
function
a Ths type of exerctse mght be used for weakened hearts, as 10 the case

of theumatic fever after the disease was under control
b It may be used mn cases of poliomyehtss and its ressdual njury It was
also of use n cases of nerve mpunes

4 In avilan hospitals and 1n pmate practice 1t 15 often used to a1d m the
rejuvenation of the aging

CLASSIFICATION OF PATIENTS
Patients are usually classified as bed patients, ambulatory patients, early
1 and late comial Bed patients are 1n tum classified
under two heads (1) the patient who caunot be permitted to do any exer
oise (as m acute fevers theumatic fever, and diseases of that type), and (2)
the bed patient wha can exercise i bed Decondstioning 1s always fastest tn
those who are very 1ll, and m those who are in great pan and frequently
under opiates

Moparrmes Urwizen

The modalities utihized under the area of physical medicine are physical
therapy, occupational therapy, and what 1s here termed physical recondstion
wg This, n many of the hospitals in the Untted States, 15 called corrective
therapy ‘This paper deals only with this latter modality Of course, each of
the others has its distinctive place, and all three work together for the welfare
of the patient

In many cases, particularly with bed patients 1o prsate rooms 1 hosp
tals, the exercise has to be gwven individually to onc patent at a time
Thus 15 relatively wasteful of man hours Where possible, patients with the
same disability and about the same degree of recovery may be put m the
same wards and exercised together in groups Some mdwidual differences
may be obsened, particularly m the number of executions of each move
ment done by each patient Ceitain patients may omit certam movements
which would mtezfere with, for example, the healing of a surgical imcision

GeNeraL PRINCIPLES

The first general pnnaple 1s that the patient must be exerased to the
point where the load on the muscle 15 m excess of that to which he has
been accustomed He makes no progress 1f there 15 not a certain amount
of overload What would be an overload for a very weak patient would,
of course, be much less than what would be an overload for the same
pattent when he 1s near completc recovery

The progression of excreise must be very gradual but continuous This
may be n the form of a morc Strenuous day s order of actiity, ot i the
form of more exccutions of each movcment

»
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3 It must, of course, be determined that no excreise wall be used which will
jure the patient All exercises used must be benefictal

The purpose of the exeraise 15 to buld up his strength and his muscular
endurance For war and for sports, curculorespiratory endurance 1s also
taken mto consideration dunng advanced reconditioming

There will be special exercises of a remedial nature for disabihties of m
dividual parts of the body, such as mjured shoulders, injured hnees, the
chest following operations on the lungs, and conditions of that nature

S

v

In considering the matter of the overload principle, 1t has been found
that exercises that utihize up to about two thirds of the maximum strength of
the muscle 1 much more useful than exercise with smaller dosages To 1l
lustrate, the wnter can flex lus forearm with a dumbbell of approximately 50
pounds m Ius hand If the water were to wish to strengthen the muscles
which flex the forearm, and were to exercise with a weight of only 10 pounds
1 tus hand, he might develop some muscular endurance, but the exercise
would have almost no effect upon the development of strength The reason
15 that the muscle 1s alrcady much stronger than 1s needed to flex the fore
arm with 10 pounds m the hand If, on the other hand, he were to first flex
the forearm with a weight of about 20 pounds in his hand, and do the ex
ercise perhaps 10 or 12 imesasa warm up, and were then to do the exer
cise with about 35 or 40 pounds and do 1t as many times as possible, the mus
cle would grow 1 strength quite rapidly, usually as much as 3 to 5 percent
per weeh The weight would have to be mncreased, of course, as the muscles
tmproved in strength

Recently the work of Hettinger and Muller (1) has mdicated that it w3y
be possible to increase strength at about the rate indicated by sumply
holding one 1sometne contraction with two thirds of the maximum weight
that can be bited, and holding the contraction for six scconds More wotk
needs to be done on this type of excraise to determine its effect on en
durance as well as on strength It 15, however, a type of excrcise that can
well be used with mndiiduals who cannot with safety engage i other types
of exerise For example, 1t may be used m the hospital bed when the ex
eraises of each part of the body are separated by 5 or 10 minutes, mn cases of
coronary occlusion of a minor type, and 1 many other disabihties of heatt,
or sometimes of the nervous system when other forms of excreise might be
extremely dangerous

Later worl by Muller indicates that one contraction held only momen
tanly, of two thirds of the maxumum strength 1s exerted, 1s sufficient, it need
not be held six seconds (3)

EXERCISES 1N CONNECTION WITH SURGICAL OPERATIONS

It should be remembered that the surgical patient 15 practcally normal
except for the part that has been operated on For example, an mdivdual
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whose gall bladder has been removed 1 normal as to Tegs, back, chest, shoul
ders, arms, and neck, but has had certan muscles 1n his abdomen severed
He can, if the exercises are well chosen, begin exercising the next day 1f he
exercises only the parts that are still normal He may begm, of course, only
when Ius surgeon 5o indicates In general, certain precautions must be tahen
Frst, he should keep Ius glottis open so that there 1s no undue wmtrathoracic
or intra abdomnal pressure This will do a great deal to prevent any sutures
from being ruptured Second, he must not do any jumping so that there
might be what 15 sometimes called a “water hammer effect It will be re
membered that the viscera are about go percent water, and hence a viscus
such as the small wntestine, which has been repawed, 1s really * floatwng” m a
* paal” of abdommnal viscera that are 9o percent water If there 1s no jamng
and no undue stranmg by closmg of the gloths or by too much bending,
exercise may be engaged mn with safety long before these parts are com
pletely healed In general, the chest should be kept high and not cared
dovnward 1 such surgical cases whete the surgery 1s of the chest or abdo
men This, of course, 15 not imperative n surgery of the arms and shoulders
or legs

For some reason there 1s a transfer of exercise effect from the nonoperated
patts to the operated parts For example, a man who has lus nght lower leg
1 a cast will have the muscles of that leg improved somewhat, or at least
deconditioned much slower 1if other parts of the body are used The author
disclaims knowledge for the cause of this transter of exercise effect, but we
have repeatedly demonstrated 1t m the author’s laboratory, and m other
laboratories as well It must be stated that other expentmenters deny this
phenomenon

ExERCisE ¥OR THE Mepicar Patient

Agam, the exercise 15 niever to be begun until 1t 15 prescnbed by the physt
cian Usually 1t has been found that the exercise can with profit begin as
soon as the sed 10n rate 15 app tely normal This 15 usually
about 24 to 48 hours after the temperature has become normal Thus, of
course, 1s not true 1n such disabalities as theumatie fever The results of such
exercise programs are quite stnking In one expeniment conducted 1n an Arr
Force hospital near St Lows dunng the war, 300 cases of \irus pneumona
who were gnen the exeraise treatment were contrasted with 300 who were
not exercised Enercrses were begun as soon as the scdimentation rate was
approumately normal, and, as stated abose, this was usually about 24 hours
after the fever was normal These ndiduals first excrased only about 15
mnutes and very gently The nevt day they extended the amount of exer
cises Gradualls, excrase was ncreased to as much as four hours per day,
about three hours of 1t being rather nonstrenuous play

The exercised groups were i the hospital a total of an average of 31 days
before returming to duty The nonexercised groups were m the hospital an
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average of 45 days before returning to duty The exercised patients had a
relapse rate of 3 percent, and the nonexercised patients a relapse rate of 30
percent This would seem to imndicate some of the values of such exercise
programs

The exercise must, of course, be begun gradually, and progress made in
accordance with the condition of the patient and how he stands it In heart
disease cases, the patient 15 usually exercised at first only while lying down,
and the progress 1s very gradual It 1s surpnising, howeser, how rapidly he can
progress under a well worked out program This exercise program 15 also used
1 connection with the principle of getting the patient out of bed and walk
g around the ward and around the hospatal as early as possible, and Reep
1ng the amount of exercise within his tolerance

As stated above 1 many cases this exercise can be done with groups of
patients and need not always be prescribed mdwidually This has good
psychotherapeutic results The patient works better when he 1s working with
others This does not mean of course that the exercise program 1s all the
same for everyone For example, certamn mdividuals may be told that they
stop on the sixth execution of a movement Others may be told to stop on
the 8th execution, and some as high as the 16th Some are told that they may
not do certain exercises, while others may do those exercises

Where there have been nerve mjunes or something of that hnd, the m
dividual correctn e exeraise 15 also prescnibed

A group of collaborators have published elsewhere (4) some of the best
forms of treatment for the neuropsychiatric patient Since that would be
a chapter all by atself 1t will not be discussed further here We may say, how
ever, that this type of treatment has been found m the United States to be 2
most valuable form of treatment for the neuropsy chiatric patient

TxrPES OF AcTIvITIES

The types of activities that have been most used m reconditioning pro-
grams with which the author has been connected have been those of free
hand excrcise or exercises with dumbbells, barbells, sprngs, etc, and these
may all be used erther with bed patients, ambulatory patients, or con
valescent patients Posture exercises are frequently used With advanced
convalescents apparatus may be used from time to time, paxtlcul:nl)’ pulles
weights, stall bars, and other forms of gymnastic apparatus A good deal of
hiking, and later runming, 15 used The vanous types of therapeutic appar
tus u_sual]y used by physical therapists 1s, of course, also indicated The med:

- o = - e
Tne Correcrive Procrant

With the correctne program, a great deal of work can be done for parts of
the body that have been njured, 2nd much may be done without apparatus
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Where apparatus, such as shoulder wheels, and vanous methods of putting
an overload on mdividual parts of the body are avarlable (as they frequently

A few miscellaneous observations may be m order A good deal of em
phasis has been placed mn Army hospitals in the Umited States on the traiming
of pahients to use a prosthesis Ths 15, of course, the program done with
amputees and s a special type of reconditioning of 1ts own

The stretching of fasciae 15 also mmportant m cases where there has been
limitation of movement The patient 15 also frequently taught to relax m
order to get more rest

At the begimning of exercise, patticularly for those who are overweight, m
all knee bending, the heels are Lept on the floor This reduces the strain on
the postenor cruciate ligament, and later as these ligaments strengthen, the
ndwvidual may do the usual knee bending with the trund erect and the heels
rased

It 15 usually also wise not to do forward bending with weights m the hands
to too great an extent A partial bend wall exercise the back without stramming
the sacrothac jomt Overweight patients should, of course, be reduced

One could go on discussing the matter of tests to be used and things of
that lind These tests, however, are descibed 1n considerable detail n text
books that are now available (2) Other tests of a circulorespiratory nature
(2, sections 490 and 496) may be used to determine when patients may in
crease the amount of exeraise

It has come to the attention of many persons that exercise therapy pro-
grams, particularly ;n the Armed Forces, have been largely discontinued
When the officers mn charge of professional services are asked about this, the
usual answer s that during peacetime there 15 no hurry There are enough
nurses and physicians 1n the hospitals to take care of all of the patients, and
there 15 no need to accelerate the convalescence This, to the wnter, 15 an
wdication of the practice of thirdclass medicine If a physician does not
know any better and handles his patient with outmoded treatment, 1t can
be called second-class medicine But where he knows better, st 15 difficult to
callit anything better than thitd-class medicine

For example, a physician who has trcated typical pneumonsa, not with
appropnate antibiotics, but with just good nursing and prayer, would hardly
be called a compctent physician A patient treated for fucs with saharsan
and some bismuth remedy, rather than with the best of today s remedics,
mught well be sued for malpractice

The wnter, when studymg m Johns Hopluas Medical College, from 1611
to 1913 (at that time, there was no postgraduate work available 1 physical
education, and the wnter chose to study for two years i the basic medical
sciences), femembers that, m mternal medicime, Drs Barker and Thayer of

that institution both emphasized the fact that csery patient should be
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treated so that he could recover as fast as possble When physicians, know
ng the benefits of exerase therapy, choose not to utilize 1t, and thus slow up
the pahient s 1ecovery, and even 1n some cascs by taking chances on the oc
currence of phlebitis with resulting embohsm through lack of actwity which
endanger the patients lives, m the light of what we know about the benefits
of exercise therapy, 1t 1s hard to excuse such neglect

In conclusion, the author would ke to state hus belief that this type of
program will some day be standard procedure m every eniban and military
hosprtal It will save perhaps 20 to 5o percent of the hospital days, and will
usually save at lewst a third of the time between the onset of illness and the
time when an sndividual may be back 1o a full work program The cost will
be neglgible For example, suppose a patient 1s m the hospital for 10 dajs
with a hospital 1oom cost of $g co per day—and he 15 without exerase He
would undoubtedly be able to go home at the end of hus sixth day if he has
been adequately exercised Tlus would be a saving of $36 0o, and certamly
the cost of the exeraise therapist would not be nearly that amount when
Ius services are distributed over a large number of pattents 1n the hospital
So 1t 15 actually an economical movement It 1s suggested by the author

that 10n: ] m sports medi and org; nterested
n hospital practice mn gencral give much attention to the preparation of
exercise fc lanies of the kind md; i and extension of this treatment

not onlv to hospital cases, but to convalescent cases who are normally treated
at home Thej can be taught home exercise programs to use by themsehes,
or be taught by a visiting reconditioning specialist, and they can also go to
prnate gymnasiums for a short course of such evercise dunng early con
valescence
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Physical Actrorty as a Psycluatric Addjunct

SUMMARY

For many years physical recreation has had a place n the program of the
psychuatric hosputal, but prior to World War IT 1t was usually mcluded for
s dnersional 1alue only Since the war the concept of mdividually pre
seribed exercise as therapy  has gatned widespread acceptance, and it has
been hailed as one of the most valuable] adjuncts to psychutnc treatment
Usually 1t 15 presented as recreation thefapy,  correctne therapy,” or both

Prescription. of physical excrcise for the treatment of hospitalized mental
patients 15 based on an understandimgfof the needs of wmdnidual patients
and a knowledge of the psychodynamjes of different kinds of exercise Spe
cual attention 15 gnen to forms of exercise which have potentialities for en

ging self-expy promoting developing hized
habits and attitudes increasing the range of interests, improving selfcon
fidence, motnating the patient to return to u-alxty, gratifying narcissistic
needs, expuating feelngs of guilt, and facilit tion These
are planned on the basis of a prescniption made by the physatnst and
psycluatnist Behavior pattcms and verbahizations of patients are noted by
the physical ed: 1 or correcine thera
pist} and recorded, prowd;ng information about the patient which may be
effectncly uscd by the ps)chotherapist Where used, physical exercise therapy
15 ane of the adpunctae therapics crmplojed wn @ total push  prograw: ta re-
habilitate the psychiatne patient, with the program wcluding such saned
approaches as ps)cholhcrapy, shock lhcrapy, chemotherapy, bibliotherapy,
tional therapy, phy I therapy, and recreational
thcmpy Itss emphasx,,cd that ph)sxcal exercise therapy 1s therapy through
exercise rather than thcmpy by cxcrase
Correctne th

and psychuatnsts have gnen

703
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glawing reports of the effectneness of mdnrdually preseribed excreise i
promoting nmprovement wn hospitahzed patents—particularly m schizo
phreruc patients who have been hospitahized orer long periods and have not
responded to other therapres There seems no doubt that it does promote
unprovement Howerer, most of the reports are not based on controlled
studses, but on the before and after’ observations of persons who i some
wistances may not be too obectne n thew evaluations Some progress has
been made m doveloping rating scales and other evaluatne medsures but
these have not yet been used extensnely for research purposes Some of the
studics showing significant changes taking place w patients after participa
tion i a program of physical activity are such as to make st unpossible to rule
out the chance that these changes might have resulted from some other
kind of therapy, or from the overall total push’ program, smce the other
therapies are not controlled m most of these studies A few studies have
utilized control groups and a research design of such a nature as to make the
findings of scientific vahdity Among these are studies by Meyer (recreation
therapy, 40}, Van Flect {physical education therapy, 55), Tummerman
tswimming, s3), and Kramer and Bauer (swimming, 31) Although the
findings of Kramer and Bauer are somewhat equn ocdl, the studics asa whole
pont to the beneficial effects of phystcal exercise m improving the adgust

men‘t of haspitahized pyychuatric patients These findings are supported b}"f

controls

USE OF PHYSICAL ACTIVITY IN TREATMENT
OF PSYCHIATRIC PATIENTS

Sports and other physteal actvities have long been ncluded m the pro
grams of most psychsatnic hospitals, but onginally they were considered 2
ly d I m nat d chiefly to help counteract the

monotony of mental hospital btfe ::nd to gue the patients something to
which they o eht Tant ¢ Troroa H ' n n the

o

prescabed 1n terms of discase cnmy‘ax;d x;ndﬂ_xdu_al nceds had been gned
some recogmtron, and the term “seereation therapy * had come ato use {6



PHYSICAL ACTIVITY AS A PSYCHIATRIC ADJUNCT 703

Before World War II, however n most psychiatric hospitals physical educa
tion was prinepally on a group and diversional level

World War II gave impetus to the development of programs of physical
reconditioning 1n - military hospitals, although the disenminating use of
physical exercise 1n the rehabilitation of psychiatnic patients was not exten
swve n military hospitals until the horean conflict After World War II the
Veterans” Administration took the lead mn developing concepts and pro
cedures of physical reconditioming, with considerable work being done 1n
the use of individually preseribed physical exercise as an aid in the physteal,
psychological, social, and vocational rehabilitation of the psychuatric
patient The term corrective therapy was selected to designate such m
dwidually prescribed exercise programs, whether mn general hospitals or
psychiatoc hospitals In mental hospitals today, such esercise therapy 1s com
mon Exercise prescnibed for rehabilitation may be i the context of recrea
tional therapy, corrective therapy, or both Whatever it 1s called, howeer, it
15 based on an understanding of the specific needs of the mdividual patient

DEVELOPMENT OF MODERN CONCEPTS
OF PSYCHIATRIC TREATMENT

Psychiatry of the 1920 s tended to resign atself to the 1dea that a large seg
ment of the population of any mental hospital would always consist of pa
tients who could not be rehabilitated, who would not respond to therapy,
who would become more regressed and detenorated, and who cventually
would cust on an essentially vegetative level The development of new
techmques of shock therapy, chematherapy, psychotherapy and psychosur
gery began to change the picture, so that many patients formerly considered
“hopeless* began returning to their homes and made fauly adequate ad
justments As this was going on, developments n occupational therapy, cdu
cational therapy, recreational therapy, and corrective therapy were such that
these came to be recogmized as extremely valuable adjuncts to the psychiatne
therapies, mcreasmg the effectweness of other approaches to therapy as well
as having therapeutrc results 1 their own nght

The present day concept of treatment m the more modem psychiatnc hos
pitals s the total push concept, 1 which every pahient 1s treated by means
of that particular combmation of therapies which 15 most appropriate for
meeting his needs—mn which hus total expencnce m the hospital milieu 15
therapeutically enented, although hus contacts with the psychiatnst may be
hmited Thus despite continued shortages among psychiatne and adjunc
tive personnel, patients are being constructnely treated who m the old days
would have been left to vegetate, or who would have been confined to
padded cells The result of this has been the creation of an cntirely different
atmosphere 1n the mental hospital, the opeming up of some of the closed
wards, and relcase of many patients
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ESSENTIALS FOR A PROGRAM
OF EXERCISE THERAPY

Those who ongwally envisaged physteal education as a therapeutic ad
junct for use with psychiatnic pattents and have dexcloped the techmiques of
recreation therapy and correctu e therapy have been guided by a hnowledge
of developments! ps»chology, symptomatology, and psychodynatmcs of &
ferent types of mental diness, psychology of play and recreation, punciples
of pschotheraps, essentials of body mechanics, and the mental health po-
tentials and dvnanmcs of differcnt phy sical cducation activsties On the basis
of such knowledge, the followng cond have been postalated as essen
tral for the success of exercise therapy

1 It should be on the basis of combmed dircction and supervision by
psycheatnst and a ply siatrist

2 It must be carned out by an adequately qualified staff of therapusts
Quahfications for the recreational or correctnie therapist m a psychutnc
hosprtal melude not onh piofessional tramng i physical cducation bat
traming 1 abnormal psychology and psychody namics, and personality chat
actenstics of such a nature that he can’readily form a therapeutic relation
ship with the pss cuatric patient Davis descubes the effectn eness of the cor
rective therapist as depending on “(2) practical Anowledge of the patients
personality, his mterests and motuational areas, (b) anr undcrstanding of
s physical and psychologieal potentials, (¢) an appreciation of the umqse
ness of modificd and motnated physical exererse as a vehuele for mterper
sonal relationshups, (d) Ius skall sn techniques” (14,17)

3 1t must be based on a preseription for each patsent, with ths preserip:
tion bemg determuncd by the patient’s hughly personalized indn idudl needs
The hterature on correctne therapy and recreahonal therapy mncludes classt
fications of actnat : +d approachés
sutable for pati 2,1 5,23;943)
Creenwood (23) R . e . discasc entitt
alone, howeser, 15 not enough, and that psychatnc patients "ncfd to E‘

v . - N e

£ o~ - ~v e

4 It must be a part of a more comprchensne treatment programm ”Zd
provide information about the patients which may be used constructnely b)
other therap pecially psychoth

1p
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Nature oF tiE Patient THERAPIST RELATIONSIIP

It has been repeatedly stresscd that two factors are of importance m any
land of activity therapy—the therapist and the actuty program Of the two,
the therapist 1s more mportant than the activities, and the nature of the 1
terpersonal relationship between patient and therapist 15 the principal factor
determining the success of the therapeutic program (14,23,37,45 47) Some
of the charactenstics of the therapist who 1s able to establish emotional rap
port with patients are descnibed by Reagan as follows

“1 Your language or finesse and cleverness of expression 1s not as m
Pportant as your sincenty and emotional strength

2 Your role should be that of the protecting mother, not the castrating
father

3 You must be absolutely and genuunely free of defensi eness

4 Your attitude should be forceful and bemignly aggressive, but not one
that comveys anger, imtability or impatience It should be rather the lind of

discussed For example, Greenwood (23) suggests that, because the de-
pressed patient has a need for pumshment, the therapist should maintain an
attitude of severe handness, and avoid too much sympathy Jenkins (26),
discussing work with withdrawn catatonic patients, points out that ‘ an ap
proach which embodies gentle, patient, persistent, and consistent effort to-
ward d ! lar tension and establishing confid: n the nter
personal relationship results i a gradual development of human response
and a gradual freemng, for adaptive behavior, of the frozen personal re
sources” (26,204}

RarioNaLE FOR USE oF PHisiCAL Actrviry As A THERAPEUTIC MEDIUM

The ratronale for use of physical actiity as a therapeutic medium 15 based
on an und ding of the ch 1stics and needs of psychiatnc patients,

and a knowledge of the psychodynamuc sigmuficance of physical actiaty

CHARACTERISTICS OF PATIENTS
WITH PSYCHIATRIC DISORDERS

Abnormal reaction patterns have been ciassufed in the following groups
(1) Transient personality reactions to acute or special stress, (2) psychoneu
rotic disorders, (3) psychoses without known organic ctiology, {4) mental
disorders with tovic or organic bramn pathology, (5) character and behavior
disorders, (6) alcoholism and drug addiction, and (7) disorders of mtcl

Igence (8)
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Transtent personality reactions are those 1n which symptoms of personality
decompensation have been precipitated by great or unusual stress such as
that assoctated with accidents, fires, unusual and trying life situations, or
combat fatigue Persons m this category are essentally normal mdwiduals
who have ‘ broken down’ as the result of shock or stramn They may tem
poranly present symptoms of neurosis or psychoss, but readily recover with
psychotherapy, rest, and sedation Activities included m a treatment pro-
gram for these patients are for purposes of helping to promote mterest and
enthustasm and to encourage n the patients the 1dea that they are ‘well ”

Psychoneurotic disorders are abnormal behavior patterns resultmg from
persistent mental conflicts There 1s no gross disorgamzation of the per
sonality and no loss of contact with reality, so the neurotic patient ordmanly
can be treated m an out patient setting The chief charactenstic of the
neurotic 1s anwiety, which he attempts to control by use of vanous defense
mechamsms Other charactenstics of the neurotic patient are hypersensiiv
1ty, egocentnicity, emotional rmmatunty, somahc complants, general dis
sabisfaction and unhappimess Although these charactenstics are m all net
rotics to some degree, there are vanious kinds of neuroses, each charactenzed
by a particular type of symptom syndrome No attempt will be made to de
Tineate these syndromes, but it should be noted that neurotic symptoms
may include such widely varying patterns as complants of fatigue, paralysis
of psychogenic ongn amnesia, phobaas, prolonged dejection and discour
agement, and irrational thoughts and impulses which the ndividual recog
nizes as wrational Neurotic disorders almost always show a long develop-
mental history, usually having their source 1n faulty parent child relations
Treatment for the neurotic mvolves (1) helpmg him to understand the
dynamic sigmficance of his symptoms and (2) helping him to find mor¢
adequate means of dealng with lus problems The prncipal form of
therapy 15 psychotherapy, but vanous adjunctive therapies such as bibli-
therapy, occupational therapy, and recreational therapy may contnbute to
ward the acquisition of msight, reduction of anvety, increase confidenct,
and development of more constructive patterns of ving

Psychoses are abnormal behavior patterns msyolving varymg degrees of
personality disorgamzation with loss of adequate contact with reality For
psychobic patients, hospitalization usually 15 required Psychoses may result
from bramn pathology or may be without known orgame etiology

The functional psychoses mclude three groups of disorders—schizophrenié
disorders, paranoid disorders, and affectrve drsorders The prmc:pal chara¢
tenstics of schizophrenic disorders are emotional * blunting,” retreat from
realty, and disturbances in thought processes Four types of schizophreni¢
reaction have been descbed The simple ty pe of schizophrema 1s character

3l

1zed by apathy and mdiff , with no conspicuous or hallucll
nations The hebeph type 15 recogmized by serere disorgamzation, sl
ness, peculiar del and hall jons The cataton€
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fype has prominent motor symptoms—either generalized mhibition often to
the point of stupor, or excessive motor actiity and excitement The paranod
#)fe 15 usually hostile and aggressive, and has poorly systematized delusions

The paranoid disorders are martked by persistent delusians, but wathout
general personality disorgamization These include the paranoid state and
paranoia The paranoid state 1s charactenzed by transient and rather poosly
Systematized delusions, but without the other distorted thought processes of
the schizophrenic Paranoia 15 a condition n which there are well systema
tized delusions of persecution and/or grandeur The conditions diagnosed as
paranoid disorders are not common m the hospital setting, and m most ref
erences to “paranoxd patsents,” 1t ts paranowd schizophrenia which 15 meant
In fact, many psychuatusts contend that there are no paranowd patients with
out charactenstics of schazophrema

The affective psychoses are those m which the most prominent manifesta
tion 15 extreme mood fluctuation, with accompanying thought disturbances
The manic depressive type of psychosis 1s chatactenzed by prolonged penods
of excitement and overachvity or by penods of depression and underactivity,
by alternation from one phase to the other, or by mixed symptoms—e g,
depression wath hyperactiity (‘agitated depression ) In the psychotic
depresstve reactson the patient has delusions of gmit and worthlessness, and
severe depression Imvolutional melancholia 15 a psychotic depression asso-
ciated with chimactenc changes, with the patient usually being quite agitated
and apprehensie

Schizophremc like symptoms or mood disturbances may be associated with
organic bramn pathology, due to factors such as mfection, head njury, tumors,
metabohe or endocnne dist cerebral ar 1 y
and senile detenoration

Latesature on treatment programs for psychotic patents frequently de
scribes groups of patients as “acute,” “‘chrome,” “retarded,” or “regressed
Those described as “acute” are usually the ones who ase hyperhimetic, agy
tated, and perhaps assaulte They may mclude mame patients, agitated
dep es, hebeph hizopl and some P d, and
“mned” schizophrenics The * chromes” are usually relatively inactive pa
tients with diag of sunple schizoph t huzop} de
pression, or vanous of the orgame psychoses The “retarded” are the hy
pohunettc paticnts, and the “regressed " are those who have xe‘lreatcd' from
reality ta the pomt where they have abandoned aif cwviiized adwit dehavior
patterns and may be conducting themsehes more Iike animals than lile
people A vanety of exercise programs have been used effectively with cach
of these groups of psychobic patients, with an effert bemng made to Testore
them to a nonmal “tempo,” to make 1t possible for them to communicate
and Ine cooperatn ely with people, and to motate them to retum to con

tact with reality and responsible functiomng
The character and behavior disorders are ch d by hife long patter
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of ‘acting out” rather than a personality decompensation followtng esces
sue stress They include unmaturity reactions and pathological personahity
types Alcoholism and drug addiction tends to occur m rather immature in
dividuals

Dusorders of mntelligence mclude primary mental deficiency (present since
buth and without known pathology), and sccondary mental deficiency
(resulting from organic brain damage)

In mulitary hospitals, patients with psychoncurotic disorders, character
and behavior disorders, and transient personality reactions are common on
the psycluatric wards, but do not remamn there long These patients are usu
ally studicd 1n the hospital and then retumned to duty (perhaps with out
patient treatment being arranged), or are released from military service
Psychotics treated 1n military hospitals are m the early stages of psychosss,
and those who remain for treatment are the ones for whom the prognosis 1s
good In cnihan hospitals, the majonty of the patients are psychotic
Many are chronic, deteniorated, regressed psychotics, or senile patients Most
of the expenmentation and research on the uses of exercise therapy has
volved ats use with psychohic patients, although some attention has been
given to 1t nse with neurotics (43)

NEUROMUSCULAR CHANGES IN PSYCHIATRIC
DISORDERS

Greenwood (23) powmnts out that from before birth, every human being
requires muscular actraty i order to develop properly For the young child,
muscular moyvement 15 a source of pletsure and nlss an mmnortant role m

tfom nis personality deselopment If this concept has vahdity, it would be
espected that i the psychiatnic patient there would be motor dysfunction,
and that a therapeutic approach through motor actiities would result 10
psychological changes

Describmg psychiatne patients n terms of their neuromuscular charactet
wstics, Greenwood (z3) destg them as iy perkinetic, hy pokinet and
parakmetic ‘The hyperhinetic, exemplified by the mamic, has mcreased
‘mustic one, and short reaction time He 1s quich, aggressive, and Pef"ﬂ’seﬂ
structve The hypohmetic has low metabolism, 2 paucity of 1deas, poor oS
ture He s imp, slow 1 movements, sometimes stuporous In this group a1
the depressed and catatonic patients The parakinetics are the schizo-
phremcs, whose actions do not fit the simulus Their behavior may be stereo
typed, ncgativistic, paradoxcal The kinetic deviations i the neurotic differ
from those of the psychotic only i degree Recogmzing the psychokmelic
aspects of psychuatnce disorders, Greenwood suggests that one adjunct t0
psychnatnc treatment should be a kinetotherapeutic approach




PHYSICAL ACTIVITY AS A PSYCHIATRIC ADJUNCT 711

PSYCHODYNAMICS OF PHYSICAL ACTIVITY

Those arguing for the value of exercise m the rehabilitation of psychatnic
patients have called attention to the following psychodynamic character
1stics or properties of physical actniaty

1 Physical exercise helps to develop and mamtam optimum physical con
dition i the patient Thus it not only should give hum the physical stamina
which he needs before he can resume normal work functions mn the com
munty, but would be expected to contrbute to a feeling of well being and
self-confidence (21,47,56)

2 Exercise encourages release of energy and induces natural fatigue (56),
with relaxation following esercise (.47) so that the need for sedation and
testraints for hvperhinetic patients should be reduced

3 Leamning control of the body 1s helpful i learmng cantrol i other
areas (15)

4 Physical exercase 1s a medum for self expression (1 15,23,20,37,42,50)
Because it 15 perhaps the earhest form of self expression, 1t provides a means
by which even the most regressed schizophremic patient should be able to
express himself (42) Actwities such as the dance are adaptable for expres
ston of vanous feehngs, and activities such as competitine spoits, hiching,
hitting a golf ball, and stnhing a punching bag are particularly useful for

h hing or sublimating aggressive impul:

5 Because physical actmty ts 2 medium of self expression st also 15 2
means of ing feelings and ch traits (36,42,47) Thus the
patient commumcates to the obsener his conflicts and reaction patterns,
and knowledge about the patient, thus obtaned, may be effectnely utihzed
1n psychotherapy (15,21 36,51)

6 Physical actiity i the play situation 1s assoctated with the more pleas
ant expenences of childhood and tends to be repeated by the patrent under
appropnate stimulus (4) Thus 1t 3 an appropnate approach for arousing
interest and to elicit response in a disinterested, mactive patient {13,56)

7 Certain types of exercise—especially those which afford opportunitics
for display of strength, shill, and grace to adminng companions—lend
themselves to satisfying the need for narcissistic gratfication (23,29) In cox
tam types of psychiatnic patients—especially paranoids—satisfying this need
18 necessary befote the patient can acquirc more socralized attitudes

8 Some fonms of excrise—p larh those p a ly and
monotonously—may serve as a means of expiating guilt 1n the patient who
has a need for self punishment (23,29 46)

9 Physical education actiitics provide cxpenences with concrete objects
and hence provide reality testng expenences which would scem to en
courage reestablishment of contact with reality n the psychotic patient

(18,46)
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10 Vanous charactenstics of a physical education program point toward
its potentaltties for lization of the withd gressed patient

(13,18,21,25,47) The emotional climate and cooperatve actwity myolved
m team play encourage the development of responsibility and good interper

velopment of the abihity to relate to people

11 Physical education actvity 15 goal directed actity As stated by Jen
Lins (25), ‘Goal durected activities are the chief means for strengthening the
ego Successful goal-directed activity 1s the chief basis for self confidence, and
1t 15 goal direction which 1s largely responsible for mtelhgent self control and
self disaplne” (p 24) The schizophremc patient 15 lacking 1 well
defined goals and lacks resourcefulness i the pursuit of such goals as he
possesses Organized, goal directed physical education actvities should be
able to help the patient to become goal onented

STUDIES SHOWING THE EFFECTS

OF PHYSICAL EXERCISE ON THE PERSONALITY
CHARACTERISTICS OF PSYCHIATRIC

PATIENTS

Like most therapeutic approaches, the physical esercise approach to the
treatment of psychiatnic patients has been developed largely on an empirt
cal bass Psychiatnsts, physiatnsts, and physical educators have reasoned
that certam techmques ought to work with certamn types of patients and 50
have tried them out If the techmques or attvities have seemed effectné
these have been incorporated in the rehabilitation program Since there 1s an
understandable reluctance to deprve any patient of any type of treatment
which might benefit him, the tesearch dealing with the effects of exercisc on
the adjustment of psychiatne patients until recently has been largely of
the type usually employed n prelimimary studies, with relatiely few research
projects companng the effects of different kinds of actvities or employing
control groups

Those who have been mvolved i the development of corrective therapy
programs or who have had contact with such programs in advisory of ad
mumstrative capacities have reported very encouragmg results (20,21y24::6'
28,41,46,55) Theur reports have been based not only on behasioral obsersa
tions made by ward personnel, but also on statistics showing a reduction 10
the need for other types of treatment (28,29) Although there 15 no doubt
that exercise therapy 1s beneficial to psychatnc patients, 1t 15 possible that
some of the obsenvers cevaluating the effects of this therapy hase not beed
completely unbiased Also, since 1t 15 rare for a psychiatnc patient to recene
only physical cducation therapy, in many studies 1t 15 difficult to tell what
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changes are due to the effects of the physical rehabihtation program and
what ones are the result of other therapeutic approaches used n the * total
push” program

The following have been among the results attnbuted to the effects of
patticipation i physical actnaty mproved physical condition (46),
relaxation and reduced hyperactruty 1n “acute” patients following exercise
(29,46), a feehng of adequacy, confidence, or self esteem (13,34,36), greater
cooperation, 1dentification with group salues, and conformity to conven
tronal social practices (6,40), more disciplined aggression (13), mmprosed
contact with reality (17,18), greater emotional control (6), increased range
of mterests (6), stronger voliion (6), mncreased msight (6,36), and 1m
proved spontanety (2,18)

Typical of the usual approach to studying the effects of exercise on the
psychiatnic patient 1s a study by Marusak (37) He reported on the effects
of correchive therapy on 49 chromic and acutely disturbed psschohie pa
tients, many of them bemng schizophrenic These were patients who were
unable to participate in other hospital activittes because of their uncon
trolled, disturbed behavior pattems, or who, if assigned to other activities,
took an apathetic attitude toward them The most common trait charac
tenzing these patients was combatreness, with destructiveness and un
predictable behavior bemng frequent Before the corrective therapy program
was inshituted, extensne usc of hydrotherapy was necessary

In Marusak’s study the treatment aims were to provide a socially accepta
ble method for expression of aggression and to promote an mercase m socsal
participation The prescription of actrvities was made on the basis of the pa
tient s operating level The typical procedure was to start with the stnhing
bag, then have basket shooting, and finally sociahized actwities Praise and
encouragement were grien, to make the achty penod a satisfying expen
ence Al of the patients recenved tonic hydrotherapy at the cnd of each
correctine therapy session After institution of the program the ward as a
whole became much quieter and the number of altercations diminished
Several patients who had been assigned to ather activities, but were apathetic
toward them, began to show more mterest There was a reduction 1n the
number of hydrotherapy treatments, with more being nceded on nontreat
ment days than on days when the patients had correctne therapy On the
baus of ghsenatians, it was felt that the program was of value m channehiz
g agg mproving hization, g and
providing additional mformation about patients which was diagnostically
useful The staff was of the opiion that cmotional rapport between patients
and therapist was of primary importance i attaining these results Tn discuss-
img the results of the program Marusak states  In the absence of a control
group, 1t 15 not possible to say with assurance that all the improsement r¢
ported 15 due to the comectne therapy technique However, 1t is the impres
sion of the professional staff that the reported mmprovement 1s largely, af not
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altogether, the result of the corrective therapy treatment program” {37,10)

Meyer (40) studied the mfluence of participation prescnbed recrea
tional actmaties on the behavior of schizophrenic patients Although the ac
tities in which patients participated did not all mnvolve physical exercise,
athletic achwities had a prominent place i the program Hence, this study
scems pertment to the effect of athletics on behavioral changes n psychiatnic
patients

The purposes of Meyer s study were (1) to determine whether prescnbed
active participation 1 recreation can wfluence the behavior of long term,
chromie, mactne schizophrenic patients and (2) to determime whether pre
scrption of activities based on premorbid participation expenences 1s more
beneficial than prescuption of actvities based on no premorbid participa
hion expenence

The cases studied by Meyer ncluded 202 schizophrenic patients 1 a Vet
erans’ Administration hospital All had been hospitalized for many years
and none had shown any significant psychiatnc improvement through the
years For each of the patients a hustory of premorbid recreation participation
was obtamed through a questionnaire mailed to the next of hin, with add:
tional information bewng obtained from social service and cluncal records
Each patient was rated on the Montrose Behavior Rating Scale and an m
didual profile established Sixty sin perfect sets of ‘ threes” were matched
for two evperimental groups and one control group of twenty patients each,
with six sets held in teserne The three groups hved together for the duration
of the expenmental penod and followed 1dentical routines except for the
single vanable of active participation n recreation activities The first ex
penmental group engaged m a program of three active participation recred
tion actnities from their premorbid experience, from 1 co to 400 PM
daly for six months The second expermmental group spent the time engag
mg m active participabion recreation expenences which were not mcluded
m the premorbid parbicipation histones The control group remamned 1
the day room while the others were engagig 1n active recreational actvities
After three months and after six months the Montrose Behavior Rating
Scale was agam admimistered Statistical analysis of the data showed that
significant changes m behavior took place m ail three groups m the course
of the expenment and there were sigmificant differences between the
groups The results led to the following conclusions “(a) Actine participd
tion in recreation actvities by schizophrenic patients wall result n 2 favora
ble change m their behavior (b) Schizophrenic patients not given recre
tion activities will have an unfavorable change n their behasvior (c) Actnee
particrpation 1n recreation activities based on premorbid participation (2
pentence will be more beneficial than actise participation based on 10 pre
morbid participation expenence, after three months, but not after 5%
months” (40,3)
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Van Fleet (55) studied the influence of physical education therapy on the
personality charactenstics of chromic schizophrenic female patients 1n a state
mental hospital Ninety four patients were matched by paws on the vanables
of type of schizophrenua, age, and length of hospitalization The 47 matched
pairs were further equated by groups on the basis of ward locatton and scores
on the Healy Pictorsal Completion Test II The expenmental group partict
pated m a physical education therapy program twice a week for a penod of
six months, while the control group continued with the regular hospatal
routine Changes mn behastoral charactenstics were measured on the basts of
the followmg cnteria (1) Scores on Healy Pictonal Completion Test II,
(2} Scores on Wechsler Bellevue Adult Intelligence Scale (4 subtests),
(3) camnage ratings {from posture photographs), (4) changes in drawimng of
a person, 5) behavior records based on observations made dunng therapy
and on the ward and (6) quarterly notes wnitten by the ward physican All
of the compansons made between the expenmental and control groups
showed sigmficant differences between the groups, with mprovement m
‘behavioral charactenstics betng found m the expenmental group Van Fleet
L tr L S |

i 1 . . : .

. i u
“(a} The opportunity for members of the espenmental group to be
identafied with a selected therapy group
“(b) The opportunity for members of the cwpenmental group to be
roused from their anbshe envisonment on the ward and to be brought nto
frequent contact with reahty situations
“{c) Anawareness on the part of some members of the control gronp that
other patients had the opportumty of participating in a selected therapy
TOU]
§ “{d) The opportumty for each member of the expenmental group to
respond according to her capaaty m a pemmssive, nonthreatening environ
ment
“({e) The capacity of the therapist to mamtam a consistent frame of ref
erence that gave opportumity for progressive success on the part of the pa
tient” (55,76-77)
Some studies have focused on the effects of speafic hnds of activity on
the personality charactenstics of psvchiatnce patients Among the actiatics
recenang some speeial attention are dancing, swimnung. and w cight hfting

Dance TuCRAPY

1t has been pointed out that the dance, as a means of expressing and com
municating the charactenstics of both the mdnidual and the culture, has
been practiced 1n some form m every socicty since the beginning of recorded
Hustory (35) It has been held, also, that nonverbal communication preceded
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verbal commumication m man’s phylogenctic development (7), and that
self expresston through thythmic movement “appears to fulfill deeply rooted,
unwersal urges m men to express themselves” (35,176) Observation of
young children mdicates that they have a tend to express themsel
spontaneously through movement, m tesponse to thythmic stmuls, and
continue to do so until the acquisition of language causes words to replace
movement as the favored medium for expression and communication, and
until awareness of the evaluative judgments of others causes them to become
self conscious about their movements

Because the psychotic has difficulty 1n using language for communication,
and because the dance mvolves nonverbal expression of emotion, dancing
would seem to offer promsing possibilities for treatment of the mentally 1ll
Several studies have reported 1ts successful use as an adjuvant to psychiatre
treatment, with a vanety of patients (2,3,19,27,35,38,49)

Bender and Boas (3) used the dance m a treatment program for a group
of children on a psychiatuc ward, with the chuldren representing all types of
behavior disorders and psychiatnc problems Flaherty and hus associates (19)
tned dance therapy with a group of regressed schizophrentes Mattm and
Beaver (35) used 1t in the out patient treatment of schizophrenics i rems
sion, with the patients being ones who had been resistive to other forms of
group therapy Rosen (49) has expenmented m use of the dance m the
treatment of vanous psychotics, as have Chace (7), Jurcism (27), and May
(38) Bainbrdge and coworhers (2) report its use with both neurotic and
psychotic patients Feher (17), although working chiefly with the physically
handicapped, has found the dance especially useful with those whose physt
cal allments are at least partrally on a psychosomatic basts

For many years social dancing has been mcluded m the programs of
psychiatnic hospitals, with ats mclusion being chiefly for purposes of proy ud
g d and enc g lization Modemn dance therapy pro
gramns, stressing the importance of the expressive aspects of the dance, have
tended to use those dance forms which permut greater freedom and allow
greater creativencss on the part of the patient, although social dancing has
not been abandoned, and Jurcisin (z27) reports 1t of value with psychatic
patients Martin and Beaver (35), working with convalescents, start with
ballreom techniques, but also make use of simple excrcses, relasation tech
miques, ballet techmiques, and others The patients perform mdwidually, 18
couples, and m small groups, with conversation betwecn patients and be
tween patients, instructors, and observers being encouraged Flaherty and
his group (19) also describe a vaned approach, m which use of pnmitine
movements and teaching of modem dance fundamentals are mcluded, 25
well as social, folk, and creative dancing Bambndge and her collaborators

(2) wse the “dance mime,” a techmque which has much 1n common with
psychodrama Bender and Boas (3), May (38), Rosen (49), and Chace
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(7) lean toward the modern dance approach, with creativeness and sponta
neity being especially encouraged Bender and Boas (3) break down self
consciousness and resistance to more pumibve types of exercises by having
the children practice cartwheels, somersaults, walking on all fours, rolling
on the floor, jumping, etc to the thythm of pounding drums or cymbals,
which continue to be used as the chuldren get into real dance activities Some

0 mention techniques for preventing assaultive behavior while
at the same time permutting patients to express their feelings and recognize
these feelngs Most mention devices for encouraging social contact and
integration with the group, such as, for example, the use of the circle

As yet, dance therapy has not advanced to the pomt where speafic
thythms, choreography, and methods of 10n have been del d
m terms of their appropnateness for different types of psychiatric illness
Hence, at this time the psychiatric diagnosis cannot carry with it implications
for prescription of a certan hind of dance therapy However, progress in
this direction 1s being made It has been determined that dance therapy 1s
espectally appropriate for schizophienic and depressed patients, and there
has been some preliminary identification of techniques appropnate for dif
ferent groups Of special note, 1n this regard, 1s the work of Chace (7)

Chace (7) descuibes a general structure for dance therapy which 15 essen
tially as follows (1) There 1s a preliminary ‘warm up’ penod 1 which pa
tients move about spontaneously, either alone, with the therapist, or in a
group, dancing to music of thexr own selection, which usually reflects the
prevalhng mood of the group Dunng this penod patients express mdvid
ualized feelings and fantasies, making mitial contacts with each other and
with the therapist, and relcase any exaitement which might interfere with
the effective structuning of the group (2) The therapist bnngs the patients
together, using waltz music, and the patents in the cicle go through vanous
movements, following the lead of the therapist As individual patients 1m
tiate their own vamations of the movements, the therapist rehnquishes lead
ershup to one of those wn the group, whom the others copy Leadership moves
from one to another As the pahents move in umison there 15 more spon
taneous verbahzation (3) The final minutes of the session myvohe a break
down mto tndividual or small group movement patterns and a final penod
of hstening to music and conversing Although this general pattem char
acterizes the sessions for all patient groups, different hinds of music are used
for excited and depressed groups, and Chace describes different techniques
for contacting patents, allaying anvicty, preventing assaultive behavior,
and encouraging expression in different patient groups

What happens in the course of dance therapy 15 evident from the be
havioral descnptions of patients made by therapists and obseners of the
therapy sessions The followng have been mentoned (1) Expression of
needs, feclings, fantasics, impulses, and defenses, with communication of
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these to the therapst and to other patients, (2) expenencing of phystcal
and psychologrcal contacts with others, (3) gaimng of satisfaction through
attention and approval from others By means of such experiences vanous
gans have been reported These mclude (1) Improved pose and coordind
tion (35), (=) mcreased confidence (27,35,38), (3) mcreased ability to
tolerate contact (7), (4) ncrease m emotional resonance and spontaneity
(2,19), (4) 1mproved abihty to relate to others, mterest mn social activibes,
and integration 1n the group (2,7,19,27), (§) mercased verbal communica
tion, with conscquent mmprovement in ability to participate m mdnidual
psychotherapy (19,49), (6) ncreased participation other adjunetne
theraptes (19), (7) ncreased msight wto personahty difficulties (38), and
(8) smproved ability to deal with reality (19)

Juscisin {27) reports an expenment n which social dancing was evaluated
as a therapeutic medm wath long term neuropsycluatne paticats Two
groups of patients were studicd—si< 1n the expenmental group and sixin the
control group The patients were matched not only on the basis of the long
term nature of their 1llness but also on the basis of overprotection or rejec
tion by parents or relatwves, hittle or no dating of the opposite se¥, social
wsolation i childhood, and unhealthy sex education The study was set up to
test three hypotheses (1) Social dancing overcomes the patient’s mfenonty,
(2) soctal dancing stimulates social mixing, (3) social dancmg reduces antt
social habits Six ratmg scales were devised for measuring behavioral changes

related to the testing of the hypotheses These scales were designated as
. . 16 e Amal moamp

The groups were observed on the hospital ward before the dance class be
gan, during and after the dance class, and at a ward dance party The dance
class met for one hour once a weeh, for a total of mine wecks Statistical
analysis of the findings showcd that the control group made no sigmificant
mprovement 1n any of the behavior charactenstics measured The epen
mental group showed sigmificant improvement 1n all areas of behavior o
which they were rated, with the exccption of “aggressneness,” on whieh
there was no mmprovement The author attnbutes the smprovement 1B
lization to the impi t 1 confidence and ts as follows
“Although the social dance cxpenence was termunated, paticnts contint
to partispate m danaing at social functions at the hospital They Jearned 3
new shill which assisted them m sociahizing m mixed groups This indicates
that social dance 15 an activity which aids the patient making 2 Pettes
social adjustment than does an activity which 15 nonrelated to communit}
hfe” (27,55)
Most evaluations of dance therapy have been based on ebsenations and
case studies, without use of controls Yct, it may be stated with confidence
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that this approach 15 quite effcctive with some Ppatients, 1n helping to shimu
Iate psy chological growth and to res erse regressive trends

Swivming TuerAPY

Swimming as an actuaty therapy for psychiatnic patients has attamed some
populanty and 1s fast assummg a promment place 1n the correchve and rec
reational therapy progtams of many mental hospitals (9,28,29,30,31,48,
5343} Where thus type of treatment 15 used, 1t 15 customary to prescnibe and
regulate the temperature of the water, length of time i the pool, and ac
tivities in the pool m accordance with the needs of mdividuals and groups
of patients (30,43} Although contrandicated for patients with water
phobia, cardiac involsements or acute nfections (43), ssimming therapy
has been used with almost all tvpes of psychiatne patients, and even the
most regressed patients usually will parhaipate Activities wsed m the
aquatics program include free swymming, vanous condstioming excrcises,
races, and gamcs such as water bashethall, water volleyball, and water polo
(9:43)

1t has been clamed that activities such as vigorous hicking and racing n
the pool provide a release of energy for hvperactne patients, and that com

" Kramer (30) reports on a program of swimming therapy n a Vetcrans®
Adnumstration hospital, with evaluation of the results of such therapy be
ng based on obseriations made by the therapsst and ward personnel For
postmsulin patients “1t 1s observed that patients are “waking up’ faster, be
comng more alert, and are losing or forgettmg some of the unpleasant sym
toms such as headache, nausca, sleecpiness” (p 19) These patients report
that they feel much better after swim therapy, and enjoy much morc the so-
cial activities following the swimming The paticnts seem shmulated by the
swim therapy, but also relaxed “Aggressive tendencies scem to be under
better control and a more socal attitude 15 defimitelv visible” (p 20} Hyper
active patients scem to be quicter and more manageable after swim class
For acutely disturbed patients ‘1t has been obsened that the patients are
more relaxed and quite calm after Jeaving the pool Ward personnel report
that since this treatment was introduced fewer aggressie actions by certam
patients have been recorded” (p 20)

One mdication of the value of swimming therapy 1s evidence that its use
results w a decrease n disturbing behavior, reduction 1n use of restraints,
and less necd for supplementary sedation for scutely disturbed patients
Knudson and Dauis (z9) present the followmng stabistics on the effects of
swimmung therapy 11 Vetcrans' Administration mental hospitals In a typi
cal hospital the “average number of restraints [was] reduced by 655%, sen-
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ous disturbances by 75%, average amount of sedation remarkably reduced,
and one less attendant needed on the ward dunng the day” (p 5)

Research done on the effectiveness of swimming therapy 1s exemplified by
studies made by Timmerman (53) and by Kramer and Bauer (31)

Timmerman (53) reports that 25 disturbed male psychotic patients re
cerved a total of 831 “ combined ' treatments (seclusion, shock, hydrotherapy,
and chemical sedations) dunng a 3 month penod when the pahients were
unable to recesse hydrogymnastic therapy These same 25 patients recerved
523 combimed treatments over another 3month penod when hydro
gymnastic therapy was available The difference in the number of combrned
treatments required 1 the two penods was statistically sigmficant It was
concluded that availability of hydrogymnastic therapy contnbuted substan
tially to the reduccd necessity for other types of treatment

Kramer and Bauer (31) descnibe a study i which they tested the follow
mg hypothesis If free swim therapy and hydrogymnastics can be itro
duced to the patient the following advantages may occur “(a) a free and
voluntary cxpenditute of excess energy, (b) a physical and social environ
ment which s emotionally satisfying and refreshing, (c¢) a situation usvally
conduenve to relcase of tension and the production of relaxation, (d) co
operation more easily obtamed from the patients, {€) a saving of ime
for the patient and the therapist* (p 10} In testing this hypothesss 27 pa
tients from acutely disturbed and intensive treatment wards were observed
by ward aides for certamn forms of behavior—incidents of violence, stnking,
throwing objects, biting, msulting, aggressive speech making, denunciations,
and threats The patients were also 1nterviewed by a clinical psychologist on
three occasions, with these mterviews bemng used as a basis for rating o
Lorr’s Multidimensional Scale for Rating Psychuatnic Patients They were
rated on six factors—(1) retarded depression versus manic excitement,
(2) compliance versus resistnencss, (3) actnaty level, {4) melancholy agitd
tion, (5) motor disturbances, and (6) submussion versus belligerence Rat
ings were made at two week intervals Following the mitial rating, all pa
tients had a twoweek “wart’ penod, with no hydrogymnastics After the
second ratng, 15 patients ncluded 1 an experimental group had two weeks
of hydrogymnastics The 12 controls did not hase this treatment The 15
members of the expenmental group were compared with the controls, dunng
and at the end of the treatment peniod, and also with their own status dur
ng and at the end of the wait peniod The results indicated that obserd
tions made by ward personnel showed no changes m overt behavior assoct
ated with hyperactvity Of the six factors on which the patients were rat

by the psychologists, only melancholy agitation showed sigmficant chaﬂg‘:’!’
— 1t wac 0l
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the psychologist felt that this might have resulted m some buas on fus patt I
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1s possible, also, that recognition of this bias may have caused the psycholo-
gist to be more conservative 1n estimating improsement 1 members of the
expenmental grou]

Although the findings of Kramer and Bauer (31) are somewhat equn acal,
the preponderance of evidence supports the contention that swiummng is a
valuable adjunct to the psychiatnic treatment program

WeicaT LiFtive

Studying 100 YMCA male weight hifters and companng them with 100
other YMCA male athletes on the basis of items on a personahty my entory,
Thune (52) found that weight ifters tended to be shy, lacking 1n self-con
fidence, and unable to obtam satisfaction n the more traditional actities
These individuals showed a need to be strong and dominant, and the
weght hiting activity seemed to help in mecting this need Cormective
therapists m psychiatnic hospitals have noted that weight hfting also benefits

o=~ .

h t (43), and lization (45,43) Patients engaging in weight
hifting appear to enjoy bemng admured by others and deselop increased con
fidence as they mmprove (43) Also, the nature of the actiity 1s such that
some patients are always resting while others practice It has been observed
that those who rest tend to engage in conversation with each other, thus
forming relationships with one another In their conversations they often
communicate matenal related to therr problems, with the matenal being
such that 1t can be used therapeutically m other contexts (45,46,43)

Rasch and Freeman (46) describe a program of weight training 1 2 neu
ropsychiatnic hospital and pomt out 1ts bencfits, but indicate that 1t 15 not
possible to say how much of any patient’s improsement 1s due to this ac
tivity and how much of 1t 15 due to other aspects of the rehabilitation pro
gram They pomnt out, howeser, that many patients continue the weight
Lfting after discharge from the hospital and some give 1t credit for getting

them mto shape to hold a job

DEVELOPMENT OF EVALUATIVE INSTRUMENTS

Most reports on behavioral changes 1n psychiatnc paticats have been based
on rather unsystematic obsenations which do not lend themselves to statists
cal treatment and often reflect the bas of the obsenner Some studies (27,
31,40), however, have made use of rating scales of a type penmutting quants
fication of data, and some attempt has been made to chmunate sources of
bias (31). At present corrective therapists are recogmzing the need for more
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objectine evaluative mstruments, before further progress can be made n re
search (10,20), and projects to develop such instruments are undernay 1
sarious hospitals (20)

CONCLUSIONS

On the basis of information now available, the following tentatne con
clusions with reference to the value of exercise for the rehabiitation of
psychiatnc patients seem Justificd

Indwvidually prescribed physical exercise as an adjunctne therapy may
tesult 1n behayioral improvement m psychiatne patients wha do not re
spond w el to other therapies

Participation 1 exércise programs may help some patients to profit more
from other therapres

Participation 10 exeraise therapy m some instances may reduce the need
for physical restraints, sedation, and hydrotherapy

Emotional rapport between therapsst and patient 15 essential to the suc
cess of exercise therapy

Further progress 1 evaluating the contnbutions of exercise therapy and
mn developing therapeutic programs depends on the use of rescarch
techniques which will make possible clanfication of cause effect relatson
ships

N

w

-

v

NEEDED RESEARCH

Most of the rescarch on the valucs of physical exercise for rehabihtabon
of the psychiatne patient has consisted of a trying out of excrcise pattems
which seemed to make sense on the basis of a sound rationale This type of
expenimentabion has led to the formulation of certain tentative conclustons,
which actually probably should be considered as hypotheses There 15 a need
now for (1) the development of better techmgques for evaluation of treat
ment and (2) the completion of more controlled studies Studics need to be
made which will enable rescarch workers to evaluate the effects of vanous
sorts of excreise on dufferent ty pes of patient Actually, rescarch of this 1P
15 currently bemng camced on, probably most extensively under the sponsor
Sh:{’ of the Veterans' Adminsstration but also 1n other psychiatne hospitz!
settings
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