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The doctor, parent or member of the public school system is
often confronted with the question," Are athletics or severe ex-
ercise harmful to a thild of pre-high school age?" This question
has never been answered satisfactorily. This is probably because
athletic programs zre not generally included in jumior high school
programs or more spekifically in the seventh and eighth grades.
For this reason we have never beenablm to analyze empirical data
from such a program and to formulate a sound conclusion. The
practice of including junior high athletic programs within school
systems is becaming nore frequent but as yet it is far from universal,
Our policies are still guided by those who have limited experience
and who have never been able to evaluate a program in a manner which
would be statistically significant. Sometimes these :peaple
conclude that athletics are acceptible for young people, or they
may c onclude that they are harméil to the growing child, Athletic
programs have become an intégral part of our senior high school
programs with apparemt great success as they are continually
being expanded and ikproved. The question arises why jJjunior high
programs cannot be iacluded.

I believe that ve should not condemm a program of athletics
for pre-high school jouth due to the fact that it has not been
done before or because of a few isolated incidents which have
castdisfavor on such a program without analyzing some of the
data which we have céllected in man's endeavor in medicine and
physiology. Although most of these studies were notdone with the
idea of proving whether or not athletics or severe exercise were
detrimental to the héalth of junior highschool studénts, they are
certainly applicable. From the medical standpoint the controversy

generally centers abéut the cardiovascular and skeletal systems,
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For the above reason I shall try to give them the greatest
emphasis though touching briefly on other systems. Also, I will
discuss briefly some facts sbout maturity, immaturity and injuries.
I will try to deal specifiedlly with such questions with which one
is often confronted rhen desling with athletics in children as
the following: "Does exercise d amage the heart?", " Does strenuous
exercise induce erlarged hearts and if so, is this harmful?", " Is
there any evidence that athletes die earlier or have any more
heart trouble?", "What is the most prevalent type of injury?",
"Are the injuries serious and are they permanent?®, "Are the
injuries likely to cause disability for 1ife?". These should be
answered adequately Before determining whether exercise generally
and sports specifical}ly will harm the body.

I believe that it is only right that the aforementioned
question be answered for the sake of the growing child. Within
many of these childrén is an intense desire to participate in
sports. This is oftdn denied them because of the fact that no
one knows whether athletic programs will harm the growing child
and few people are interested enough to find out. Often it is
dasier to deny all sporte particiration rather than determine
the true answer, I telieve that when millions of young people
are competing in "sand lot" athletics due to the fact that the
school systems will not handle the problem because t hey feel or
are told that athletie¢ programs are hartiful to these children,
then I b}elieve that something should be done to remedy this
situation., I believe that arguments against, as well as for this
type of program shoulid be backed by facts. These children are
allowed to increase the incidélence anrd seriousness of injury by
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participating in their own makeshift programs. (1) For this reason
I think that someone phould try todetermine the feasibility of a
program of s ports for your§ children in the seventh, eighth and
ninth grades, so that we can either eliminate the sandlot practice
and/or give an organized program to these children. We should
endeavor to find out if severe or strenuous exercise is hamniiful
to junior high school children, which part of the body it affects,
and what precautions may be taken to guard against damage. Also
I believe that we shduld det mine what is the incidence, s eriousness,
and prognosis of injuries incurred in sports programs.

The first phase I shall try to cover will be the effect of
exercise on the heart. One bften hears the term "athletic" heart®
in relation to peopl who participate in sports. Some believe
that individuals who participate in sports acquire an "athletic
heart™ and that it is detrimental to their health,

What is an “athletic heart"? This entity is most difficult
to define., The term Would propably include either, several or
all things as mgyocardial damage, cardiac dilatation, cardiac
failure both at time of exercise and Bater in life, severe
breathlessness at tine of exercise, arrhthmias, and cardia hypertrophy
with which would be ‘irectly associated and the result of exercise.(2)3)
What are some of the opinioms regarding "athletic heart"?

Dr. He L. Smith of the Secticn of Cardiology of the Mayo Clinic(2)
states: "The term "athletic heart" is proof of the fact that whem
a term or phrase once gets into the literature it is almost impossible
to get out or to cause its use to be discontinued in spite of
the fact that there . ever has been any positive proof of the

existance of the enti'ty whic: the term is presumed to represent,
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and that that there 1as beer quite conclusive proof that it does
not and never did exist."

Dr. Smith (2) bidlieves that the term might have orginated
from the observation that when an individual exercises strenwously and
varying degrees ¢f dyspmea or shortness of breath develop, that people
thought that this situation was homologous to cardiac failure.Sodeman

(4) states: "The breathlessness experienced by the rumer
may mot be greatly different objectively from that observed in the
patient with reduced cardia¢ reserve after mild exertion. In the
patient with heart disease, oxygen demand and lactic acid production
(and accumulation) are present to the same degree after much less
exercise, and not onky are the stretch receptors stimulated by the
increased inspiratiod, but also the pulmomary vascular congestion
which may occur gives rise to imspiratory excitation. Both will
have rapid, deep bredthing vith little pause between e xpiration
and inspiration. However, the patient with heart disease may
have sufficient pulmdnary edema and bronchospasm to make breathing
difficult. Furthermdre, he may experience a feeling unlmown to
the runner——apprehendion. It appears that the neurohumoral elements
of exertional breathllessness and exertional cardiac dyspmea are
similar, but the two states are quite different.".

Like Smith, Johnison (3) also believes that there is no conwincing
evidence that a healthy heart is damaged by strenuous er even

violent exercise. It was his opinion that an individual becomes
too severely fatigned to drive himself to a point where he could
injure the heart. He felt that many of the concepts which are
prevalent among the lpy people today, resulted from the fact that

thirty or forty years ago, prosective athletes were not reguired



to undergoe any if little physical eexamination to determine their

fitness for strenuoud competitive athletics. His opinion was that
many ofithesinstruger ts for detecting aberrations in the heart were
not in general use at that time an< for this reason many abnormal-

ities of the heart were not perceived. Also he felt that the -

importance of certair types of infectionwas not fully appreciated in
relation to their predisposition to cardiac damage. In other words.
a certain number of aspiring athletes with alreadydamaged

or otherwise abnormal hearts were allowed to participate in sports
which added insult to injury and therefore set the stage for cardiac
breakdown later in life. The premature invalidism of death of

many athle tes of many years ago could probably be accounted for

in this way. Participation i1, athletics according to Johnson(3)

undoubtedly harmed their heart; but they were not healthy hearts
oringally. From their condition before death and th~ findings at
attopsy, many people pkobably inferred that athletics were the cause
of their difficulty before death and probably contributed to their
death. From these s tements taken from Doctors Allen and Smith
we can infer that elinically, the entity does not exist.

Is an "athletic heart" a pathological entity? Smith (2)
implied that it was nét. He stated," It seems ressonable (to me)to
suppose that if thi condition of athletic heart has existed as many

years as it has been written about, some reliable pathologist would

have seen and de¢scribed an athletic heart, but no record exists of
such a hear{ being found. The promiscuous use of thetermm Mathletic
heart", by certain writers, probably has had considerable influence
on the introduction into the literature

of scme other terms which are equally inexcusable, such as

"industrial heart®*, and "military heart®", and the proéf for the
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existance is just as lacking as it is for athletic hearts.”

Is there any evidence that severe exertion causesmyocardial
damage in a heart whiich is t0ot diseased? Exertion is not listed
as an etiological agent in the production of primary heart disease in
the "Nomenclature and Criteria for Diagnosis of Disease of the Heart
and Blood Vesssls" (5) by the Criteria Committee of the New York
Heart Association which is endorsed and distributed by the American
Heart Associatiom, Nor is it listed as a cause of primary myoecardial
damage in "Pathology™ by Andersom. (6) In 5,370 autopsies which were
performed at the South African Police Medico-Legal Laboratories (¥)
between 193} and 1939, twenty instances
of acute fatal collagse during work or in sports were found. Another
forty-~three cases were collected from the literature. Here,
only cases in which autopsy had been performed were considered.

No previously healthy individuals died from excessiveuexertion
in any of the cases.

In all cases of death durirg work or sport, autopsy revealed the
presence of one or more of the following diseases of the circulatory
system: coronary arterial disease; inflammatory disease of the
myocardium; degenerative disease of the heart muscle;
rupture of heart muscle and rupture of the aorta, From this study
the authors found that not one instance was encountered in which
death could be regarded as due to the effect of extreme exertion
on a previously healtiy heart. They also noted in this study that in
no fatal aollapse was the individual doing anything physically more
strenuous than he had been accustomed to doing previously.

Is there any evidence to support the conclusion that exercise

may lead to acute cardiac dilatatiom? In a report by Gordon(8)
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on the "Effect of Effprt on the Size of the Heart", he reported
a d ecrease in the size of the heart irmediately after strenuous
exercise, In a study on the effect of exercise on the heart of
a group ranging in ages ffrom 18 to /i1 years who were taking part
in a thirty-one mile marathom race and who Were found to be fit
as determined previoukly by ehest films and ECG's, it was found that
the size of the 1eart decreased after severe exercise in

all subjects observed.(9) The diminution was seen both in the
anterioposterior andlateral views of the heart. The decrease
bore no apparent relationship to the increase in heart rate and
it persisted after the heart rate returmed to normal. It was
thought that the dimipution of heart size, therefore, is not
comparable with that which has been shom to occur when the
heart is accelerated without physical exertion. No significant

abnormalities were seen to have occured in the ECG's., In th

American Marathon Race, (9) runners who had partieipated for

as many as fifeteen years were observed. Tiis afforded an e x-cellent

opportunity to study the effect of prolonged, strenuous exercise

upon the size of the heart. In this -tudy it was found that

immediately after the rmace, practieally all of the hearts

were smaller than they had been just before the race. This

would tend to indicate that strenuous, prolonged effort does not

cause acute dilation of the heart. Roentgenological examination

made on the day folldwing the race ga®e evidence of gradual

return of the hearts to normal size. These runners were also

observed for the eff-ct of mpny years of stremuous exercise on

the heart, In this study no proof of cardiac enlargement was found.
In another study in which the hearts of ricksha pullers (10)

were observed for cardiac enlargement after chronic exertion, itwas

concluded that tte heats of 55% of the subjects were not
-7-



enlarged, but that 457 were somewhat hypertrophied. The conclusion
was that this enlargement.was entirely physiologic and not
pathologic and th t there was noevidence that the enlargememt
predisposed in any way to disease.

It would seem from these observations that roentgenological
evidence of acute dilatation rarely, if ever, exists after stremuous
exercise,

Does the heart of the athlete hypertrophy or enlarge to a
greater degree tham that of individual who doesn't particivate in
athletics? According to Best and Taylor(ll), Wright (12), and
Sodemén (L), before a heart fiber will hypertrophy it must be
stretched beyond its physiolpgical limit. Accordinz to Best
and Taylor (11) this does not occur in a normal heart. They
explain the:mechanism of cardiac hypertropy in a manner which is
quite easy to understand and quite applicable here, They state:

"If muscle is made ta contract isometrically the tension developed
during the contractian is folnd to be proportional to the lemgth

of the muscle. Th~ tension which the load exerts upon the fibers
Just priorto their cantraction is spokem of as the initial tension.
The tension developec when tae muscle contracts isometrically will be
referred to as the developed tension which 'is a measure of the

fo rce of the contractiion. Then a resting muscle is weighted, little
change in initial terisidén ackually occurs until it is extended beyond
a length corresnonding to that which it possesses when

in its natural position in the body, i. e. at its physiological
length. Up to this point the developed tension increases with each
increment in initial length. Yet, it is omly when the muscle is
stretched beyond its physiological length th2t any marked increase in
initial tension occurs. The power of contractim of skeletal muscle

therefore is den ndent upon initial length and noth.



upaan any stimulating effect exerted upon the muscle fibers by initial
tension, The venous pressure which stretches the cardiac muscle during
diastole corresponds to the weight applied to skeletal muscle, The
opening of the semilunar valves against the aortic pressure

repr sents the load = inst vhich the cardiac muscle has to contract.

It will be seen that the force of ventricular contraection increases with
the diastolic volume until theheart becomes over distended and

a rise in diastolic pressure occurs.” This is exactlv what happens

in exercise. Tremendous volhmesof blood are retumed to the heart. (11)
The question them aris-~s, is the heart capable of handling all of

this blood without dilating beyond its physiological limit heace
predisposing the myodardium to Bypertrophy? Again this is best answered
by Best and aylor who state: "The energy set free at eachcontraction
of the hekrt is & simple function of the length of filbers eomposing its
muscular walls., Thus the heart fibers automatieally gain the necessary
energy to eject the greater load of blood which fills its cavities
dufing diastole, The oxXygen consumptiomn of the heart muscle, i.e. ,
total energy expenditure, is direectly proportional to fiber lemgth (
diastolic volume). The work performed by a heart

in good physiologieal condition bears a line~r relationship to diastolic
volume and ponsequently to oxygen consumption. When,

as a result of fatigu(, the eamnditiom of the heart deteriorates,

its diastolic volume is much greater in proportion to the work performed,
than is the case of the well-cOmditioned heart, i.e.,

the ill nourished mus¢le fibars in order to gain energy for the
performance of a giveRamount of work must be stretched to a greater
extent. Nevertheless, whether the econdition of the heart muscle

is good or badthe reldtionship between oxygen mommumption and diastolic

volume is thesame, This means, clearly, that for the -9~



performance of a given piecd of work the poorly nourished heart
uses more oxygen (sirce it ailates more) thlan does a heart in good
condition; or put in another way, the proportion of to#al energy
expenditure which apjears as mechanical work is lowered when the
heart muscle departs from its prime physiologicalstate. " One can
infer from this that as long as sufficient oxygen is supplied to
the heart muscle it will continue to handle the venous retum,

Best and Taylor (11) go on to say: "The enlargement (dilatation
and hypertrophy) of jhe diseased heart is a-compamsatory reactiom.
In aortic regurgitation the heart receives blood-not omly from the
auricle but also f ron the aorta as a result of the incompetence
of the aortic valves. The diastolic enlargement of the ventricular
cavity which is required for the accommodation .of the greater
blood mass also enables the heart to develop the energy necessary
for the ejectiom of hlood during systole. Cardiac dilatation,
therefore, under physiologicdl condition or in association with
heart d isease, is the means whereby the heart mobilizes its reserves
of energy. The so-cdalled regerve powers of the human heart, i.e.,
its capacity for work, resides in the exteniibility of its muscle
fibers, within the pliysiologieal 1limit. It is apparent then that
the nearer the fiber during diastole aovproaches its maximal
physiological lengt!i, the greater will be the encroachment upon the
heart reserve. A welldevelaped and efficient heart, in order to
gain sufficient power to accomplish a certain amount of extra
work need dilate reldtively little and is capable of discharging
easily as much blood as it received. The venous pressure in
consequence shows little tendency to rise and'the pulse is not
greatly accelerated. On the other hand, the smaller heart of the
heart with a myocardium weakened by disease when given an equivglent

amount of work to perform must dilate to a grea‘er extent in order

)
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to liberate the required energy. Indeed, an ill equipped heart
may, as a result of ome extra burden, be dilated to its physiological
limit and still be unable to increase its output per beat. The

heart accelerates its beat as this point is approached (Bainbridge
Reflex) in order to Increase its output. When the full physiolegic
length of the fiber h»s been attained and the optimal pulse fresquency
develops, the heart has readhed the limits of its powers. Blood
then accumulates in the cardiac chamber, the venous pressure rises,
the circulation thru the ca-tlllaries, is slowed and +he blood gives up
a greater proportion of its oxygen load to the tissues.” The

heart receives less oxygen for its om comsumption. Cardiae

dilatation and then hypertrophy may result.(11) Why the hypertrophy

occurs after such a equence of event is wkmown. (11) (L)

Sodeman (L) believes thet it is ressonable to assume that cardiac
hypertrophy results from vigorous exercise as well as in the
severely taxed heart with disease of the myocardium. In his opinion
hypertrophy of the heart which results from exercise is reversible,
gradually receding af'ter termination of the exercise period. He calls
sueh hypertropll normal hypertrophy and believes that is has
no pathological sign.ficance. Houssay(l3) believes that some
cardiac hypertrophy dccurs in severe proloaged exercise but makes
no conclusions as to its sighifieance.

When we take X-tays of the hearts of athletes what are we likely
to find? From what las been said it would seem likely that we
might find some slighitly enlarged hearts. What is the signifiecanceof
these erlargements? In a survey of the ramge of normal hearts
in athletes Wilce (1) foumnd that some hearts were enlarged, some were
normal and othexs were small. He found that out of 233 hearts, 113

were absolutely enlarged, that is, larger than the allowed normal
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area range of 10 percent above average, Ome-hundrend-twenty were
below this criteria. This author decided that some of the absozute
enla rgements could have beea the result of exercise., However in
critically evaluatin them he found th2t some could beexplained

by inheritance, disease or deficiency factors before, d uring or

after active sport. An interesting sidelight to this authorts study
was the fact he fount only 29 heats ou?t.-:g;3 which Beutdube called
norpal by the following standards: no evidence of orgamic disease,
congenital or acquiréd; no sbnormal variation in size or shape
under accepted standdrds; no evidence of defiency or degenerative
condition; no abnormdl variatica in functional efficiency; and no
history of any conditdion which is known to predispose to heart
disease or to favor it. ,The author found that if he eliminated
size or shape from hils 1ist of criteria the he had 37 "normal hearts".»
This study sonsisted of 233 male American athletes whose
ages ranged from 16 to 80 ye'rs of age. The caseswere well distributed
up to the age of 50.

These authorsfouid that only seven of the thitty-seven hearts
were postulated as noimal were enlarged by athletie competition,

and hence would qual as hearts enlarged by strenuous work or

exercise, They found that these hearts were absolutely normal

# The 37 hearts were ¢lassed as normal because of no organic disease,
or any other disease ncluded in the army amd navy list or in the
criteria for cardiac diagnosks as potential heart disease factors,
namely: scarlet fever, chorea, diptherias, measles, rheumatic fever,
tonsillitis, influenza, typhoid fever, syphilis, gonorrhea, beri-
beri or chronic foeal infection. They were normal athletes, with
absolutely nomal function, so that athletics were postulated as

the only possible influence on heart size.
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clinically and functiomally. Their conclusions were that these
individuals had normhl hearts for all practical purposes and that
the hearts would perfit a nérmal or greater than normal life
expectancy. Also thpy concluded that generdlly athlete's hearts are
J2 rger than non-zthletes hearts and that nom-organic cardiae
enlargement is probably of little elinicel importance and should

be sonsidered normal. They did sepghoewever, that she ¢ued tnal result
of "™non-organic" enl-rgement is not yet definitelyknombut in
their opimiom, participaticn in sports should be encouraged in
every way, though uwuler alert and accurate medical supervision.

This might all e well summed up by what Best and Taylor £11)
say about the perman int effects of exercise upon theheart. " The
belief has been wide - held that strenuous muscular effort is
conducive to cardiac dilation and hyp rtropiyy. A proportion of
athletes have suffer:d from heart disense and an occasional race
horse has died with 2 dilated and hypertrophiéd heart. Instances of
t' is sort have bein cited in support of such a view., It is
now agreed, that the cardiac enlargements under these circumstanres
are the result of prc-existing disease and that the healthy heart
cammot be dilatsd beiond its physiological limit, nor will a bout of
strenuous exercisé strain the healthy heart muscle or cause it to
fail. In a healthy person the functional eapacity of the heart and
of the skeletal musculature are apparently so proportioned
to one another that he greatest venous inflow whieh the muscle can
provide is taken care of by the reserves of cardiac emergy.

The healthy heart of the marathon rmnner or oarsman does not
hypertrophy to a patlological degree. It has beemr shown by X-ray

examination that the diastolic diameters of the healthy heart are
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materially increased luring resi; that is, the heart empties more
completely. It may b= concleded that acute dilation or chromic
dilation with hypertrpphy is the result of some disease state of

the heart itself. It should not be concluded, however, that muscular
training exerts no ef®eet upon the size of the heart. Mitchell(15),
for example, fourd thnt the meart size of a group of undergradustes
at Cambridge umderwent a gradual increase over a period of a few
years of athletic training., This was a ccompanied by a reduction

in pulse rate. Limdhhrd (16) observed an increase ¢f twenty percent
in the resting cardiac outpu. as a resull of physieal traiming.
Others have reported more marked effects in -erscns indulging in
very arduous types of athletics. Eyster (17), on the other hand,
could demonstrate no izcrease in average heart size of a group

of young athletes wher compared with shat of a group following a

sedentary life., The evidercr taken in review indicates that

athletic pursuits, esp-cially of a strenuous nature, may cause

1
moderate but definite increase in cardiae bulk, This ‘:owever is

purely physiological =nd is proportiomed to, or only slightly

in excess, of develogment of skeletal muscles. This is to say,

the normal ratio of heart wefight shows no chamge or a very moderate
.one,

One often hears about the irregularities associated with the
heart after strenuous exercise. Many of thegse are without cliniecal
significance as inteilpreted after ECG. (11) Curetom (18) found that
many of the arrjythmiag, slurrimg and other irregularities found in
ECG's of athletes were not of significance an that the
irregularities appeaged to be associated with vagotonia. One should

infer from this that all irregularities should be evaluated
after anr ECG to detérmine their origin and importamce. Also the
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ECG should goverm the course to followed. Exercise should not be
terminated after finBling the irregularity without full evaluationm.
What are the ophnioms of a few prominent men about the effect
of exercise uvon the heart? Paul White (19) said: "Physical work
and exercise do not tause heart disease, though they may precipitate
or aggravate symptomé and signs of heart disease already present
and may temporarily sxhaust the cardiovascular reserve in a
healthy individual."

Smith (2) in hi# paper stated:" The point I want to emphasize is
that stremuous physieal exercise, and hard manual work do not cause,
or predispose to, hedrt disease, that such aectivities do not cause
abnormal cardiac hypdrtrophy, ard that athletes do not develop
early disability, and die, because of exercise in which they
indulged while in sctool. The normal heart, and I would emphasize
the work "mormal", ia no more likely to be injured by strenuous
exercise than is amny other organ or muscle in the body, and
participating in athlletic sports will not produce an "athletic heart",
for sueh an entity does not exist. Of course, it is very importamnt
for every individual who participates in athletics to undergo a
thorough physical exalinatiom. And anyone who has brganic heart
disease certainly sholld not participate in prolonged strenuous
exercise.

Lewis (20 added %o what has been said previously when he said:’
"Burdens imposed by phiysiologlcal acts upon the nomal heart, howewer
heavy these burdems, mby be said never to injure heart fibers, never
to produce injurious #ilatations and never to exhaust the
heart's reserve."

Dublin(21) whose work on longevity of college athletes is well
known stated: "Indulgince in athletics im a good many instances

have deleterious effeéts on the heart especially if careful
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selection and supervisiorn of athletes by trained men is rot available,™

Cole(22) Summed up most of the above in a short statement vhen
he said:®0Our business is to look for cardiac defects and proteet
the d efective heart, For the heart that has proved itself healthy
we have no conecern,"

As has been shom, no evidence exists from a physiological
or clinieal voirnt of view that severe or strenuous exercise has
any detrimental efferts on the normal heart., Wizt other
aspects must be consldered in detemining whether young people
can safely participate im athletics? One ofiffen hears that childrem
in the junior high s thool age are too immature to participate im
gtrenuous sports. The reson often given is that thessvere effort
regquired in eports irjures them. I womder what part of the body
is injured? As I hat- indicated earlier in this paper most reputable
sources do not feel that the heart is injured. If the organ which
is most essential to exercise is mot harmed I wonder what organ
or system is imfjured. Next I begin to do¥#bt the conclusion that
khese youmg individuadls cannot partieipate in sports without harm
incurred by the exercise itself.

Wright (12) and Mitchell and Nelson (23) imdicate that the
period of most growth in children is in the ages of 12 to 15 years.
This means that for host childrem that the first year in high
school is during one year of the most rapid growth., Most of our
educators and physicikns acecbrding to one report (27) think that
athletics in the tent: grade ars perfectly acceptable. Some even
think that a ninth grhde program of sports is acceptable.(27) Some
schools are installing programs for ninth grade pupils. This neans
that strenuous sports are approved in one to two years of the peridd

of most rapid growth. A fourteem year old individual in the minth
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grade which is &ix or seven years before complete maturity (12)(15)
is allowed to participate in any athletic activity in which he is
Jjudged to be fit, Is it any less injurious to partiecipate in
athletics before complete maturity or in the last year of the

most rapid growth than it is from lem or dlevem years of age when
the interest first develops. Again when we speak of physiecal
immaturity we are cowfroanted with a relative term whiech means little.

What do we mean by immature? Iz the immature organism any less
likely to respond favorably to the activity of sports than the
mature organism? Or is it possible that the irmature organism
may adapt itself better to exercise than the mature organism ir
regards to physical response? Maturity in Webster's Collegiate
Dietiomary (2L) is defired as: "Brought by natural process to
completeness of growtl: and deévelopment; fully grown, ripe." This
seems to me tobe a relatively meamingless term, when one has to
become specifie as to the degree of maturity which decides when
one age group may saf-ly parlicipate in strenuous activities and
another group may motd The sensible approach to this probiem would
seem to be to evaluate the child as to his ability to partieipate
in stremuous exercise, and not to arbitrarily state thatthis age
group cannot partieipdte beecause its members are too immature.

This term strike me asbeing similar to "athletic heart®. I think
that it is interesting to note the comparison of the résponses of
the bodies of young pebple as against thgose of adults or mature
individuals.

What happenrs to the blood pressure in youmg people as compared
to the older mature person. During muscular exercise or at the
moment of its contempl tiom im the adult, the pressure begins to
rise and reaches a height of 180 milimeters of Mercury to 200

miXimeters of Mercury. (11) The diastolic pressure usually



shows a less promoumaced rise. (11) It usually reaches 100 to 110

milimeters of Mercu . (11) Immediately after exercise, the pressure
drops momentarily to nommal or evea slightly below. (1l1) It the
mounts rapidly to a previous high level, and thean graiually declines
again, and in a healthy person reaches the normal withia from one
to four and one-half minutes. (11) How does this compare to wha
happers in childrer.

Shock (25) repolted that im 100 children whose ages ranged

from thirteen to eigl teen ysars wnd who were observed for six to
twelve months, that After climbing five flights of stairs t' ¢

their maximum systol]c blood pressure averaged 160 milimeters of
Mercury in the thirteen year old boys and rose to an average of

175 millimeters of Mercury iy the seventeea and ome-half year old boys.
Some evi‘ence was found that the systolic pressure respomse

to exercise take pnlace more rapidlv ia younger children tham in

older childrean. Dia~tolie pressure d ropped less with each succeeding
year, A severedrop in diastolic pres-ure to a ¥ery low level after
exercise was often se~;: and was thought to be related to physiological
immaturity as iddica'‘ed by growth rate, ossification of epinhyses,and
secondary sex characteristics than tochromelogical age. It

was concluded from t}is thal adult vessels (arteriols) relaxed less
than children's.

From this compajison it would seem that nothing extraordimary
occurs in children while exercisi-g im regard to the blood pressure.
The level attained ir childven is certainly mct excessive amnd is
lower thaa in the adilt. Ome could infer from this that; young
adults have no diffiqulty from elevations of this level so why
should a c¢hild. One jight ask but what about the chroric effects

of exercise upon the resting blood pressure in children.



In a study of tte effects of basketball on junior high boys
by Bowyer (26), he féund that the blood pressure was lower and

the pulse a little higher at rest at the emd of the season ascompared
to that fourd at a pre-season exam. The blood pressure

at rest at the pre-scason examination averag :! 130/79 and at the

postseason examinatidn averaged about 114/76. This would imdicate that

the blood pressure had dropped slightly after chroric exercise.One

could imterpret this as an eff ct of"training". How do adults respond

t0 chronic exercise or "traimnimg"?

Wyman (28), Hersheimer (29), Ewig (31), and Ackerman (32) found
that in a majority of cases a comsiderable reduction im the resting

systolic blood pressure resulted from stremuous "training. Also

Herxheimer (30) founc a drop inmediately after exercise whiech averaged

about 116 ta 106 millimeters of Mercury though this was

not observed until after the stremuous daily practiee of the

trainiag period gave way to a more noderate daily exertion as training
was rounded out,

Both Ackermann (32) amd Herxheimer (29)(30) found this decrease
less noticeable in yqrthful athletes or im the first year of trainimg.

In comparing trained amd untraind athletes Dawson (3k) foumd:"(a)
the systolic pressure rises more rapidly and much higher than is
the case of the untrained iadividual; (b) the pulse pressure is .

enormously increased." Fabre(35) reported similar fimdings and
emphasiged rapidly falling systolic amd more glowly fallimgdiastolic,
shortly after the begimning of work, as marking the untrained.

It would appear from these observatioms that no siganificant

changes ir blood pressure occur ir childrea as compared with adults.
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What happens to the pulse im the child as compared to theadult
in stremuous exercise during and direetly after the exercise.
Browyer (26) in studying the effects of basketball om jumior high

chool boys found that im a game in which the boys were not pressed
that all pulses were back to their pregame levels twenty minutes
after the game. In & close game, wone in the last few seconds,the

heart rates of tvo play(rs retumed to nomal in five mimutes but in

the remaining player‘:ard not retum to normal for twerty mimutes.

It was notéd that of the boys whose pulses were normal in five
minutes had heen remowed on fouls im the third quarter

and the other had pliyed omly two quarters. These observationswere
continued througheout the season in the home team as well

as in Pour visiting ‘eams. These authors concluded that it was the
extra quarter of play which was responsible for the elevated pulse
which remainéd 'Sor twenty minutes. From this it eould be concluded
that the i‘cmeostasis of the orgamism is altered for a somewhat
longer peridd and that the compensatory mechanisms have mot brought
the orgadism back to the fimely balameed state of mormal

homeostasis. Morse, Schultz and Cassels(37) found the elevation of

heart rate after moderate exercise, which consisted of walking 15

minutes at 3.5 miles per hour, was higher above

the resting level and its deceleration after the walk was fasterin
boys twelve to fourteen years than im both youmger amd older boys.
In severe exercise which comsisted im rumning to exhaustiomat a
speed of six to seven miles per hour on a treadmill set atan 8.6
per cent grad 'they found that the elevatiom of the heart rate above
the resting level was higher in older boys, begimming at 13 years.
The group observed consisted of 110 boys between

the ages of ten and seventeer. The okly conclusiom that might be

drawa from this would be that youmger people conpemsate faster *
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than older ones. Th t their compensatory mechanisms are more able to supply

the debts ¥hich are incurred during depletion with exercise. However

Héussay (13) does not agree with this. He

states that the hear rate increases with the intemsity of the effort
made and that with the same intensity of exercise,a greater increase
in heart rate is seen im young subjeets than im older ones. However, he
uled as a frame of reference a ehart by Dill (39) which showed that
the hear{ rate of subjects ranging from six Jo femty-two yeara after
walking at a rate of 5.6 kilometers per hour on

8.6 per cent grad. Certainly this is mot to the poiat of exhaustion so
the observatior b} Morse, Schultze and Cassel may be true,

Of what is this cardiag aeceleration the result? Houssay (13)
remarks that it is the result of several factors actimg upoa the
heart, The initial :ncrease just before exercise is probably due
to a psychic effeet on the vagal tome. With the onset of exercise the
greater' Yendus returm increases, the distention of the right auricle
and it reflexly increases the heart rate. Also he considers increase
in body temperature, sympathetic nerve impulses, adremalim and other
minor factdrs to effect the rate. This imdicates that
2ll of theae different factdrs are interpreted by the body integrated
and in the normal orgeaism that the different compensating mechamisms
are stimulated or depressed i+ order to maintain homeostasis of
the organism, What we observe are the compemsatdry mechanisms
maintaining homeostasis in action. This would imdiecate that the
increase in heart rate im these cireumstances has nothing to do
with harmful effecte on the organism, This is further substantiated
by the decrease in heart rate after training.(36)(13) This would
indicate that the body is better able to compensate and therefore the

cardiac output need not be so great.
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One might wonder if th severe exertional dyspnea - ts harmful

and an indication of straim upom the organism, Certaimly it

shows a taxation of the compensatory mechamisms of the orgamism

but probably isnot harful. (11) ¥ith severe exertion a shortaess

of breath, rapid resjiratory rate, and deep breathing develop. (11,12, 13)
This is the result c¢f severalfactors. The carbon dioxide tension

rises, 'the oxygen tession falls, and the pH decreases. (13) These factors
stimulate the respiretory center and peripheral chemoreceptors and cause

an increase in the rate of respiration and increase in
depth of respirations (13). The fact that the respiratory rate increases

rapidly frdm the very beginmimns of exercise, before

metabolic products c'n accumulate im the blood and act on the respiratory
center, hds been attributed to reflex stimulation of

this center. (13) These reflexes have their origin in the active .muscles
and joints,(/D) in the lungs, in the carotid or aortie

bodies, and in the great veins amd auricles, or are due to substances
produces by the muscles actihg on chemoreeeptors.(13) To sum up,

nerve impulses arising in the active limbs and the lungs, or irradiated
from the cortex to tle gespiratory center, play an importamt, but

not exclusive, part in the hyperpnea of exertion. The Imcrease

in earbom dioxide and the decrease in pH in the blood, the aceumulatiom of
lactic aecid, the ehanges in the circulatiom occuring in the respiratory
center, ihpulses arising im the carotid and aortic

bodies and even the increase in body temperature, add their effects

to those mentioned abpve and contribute to produce hypermmea. (LO)

Ome could conclude fr-m this that with exertion that much work is

done, hence much energy consuwed, metabolism inereasedimetabolie

products increased, orygen consumption greatly increased and to

keep the organism goi g the eompensatory mechanisms swing into action.

During the first few ninutes of exereise, while the oxygen comrsumption
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rises, the oxygen absorbed is less than that needed to oxidize the
metabolie products ol muscular contractiom. (13) This is due to

the delay in the adantatiom of the respiratory, amd especially the
circulatory function to the greaterdemand of oxygen by the tissue. (13)
Neverthelen, the mue i1le continues to contract, in great part by

means of the energy set f ree by anaerobie chemical reactioa. (13)

The relative lack of oxygen preveats a complete resynthesis of

lactie acid produeed into glyeogea. (13) This acid accumulates

in the muscle and pagses out into the blood ; therefore, lactacidenia

imcreases.(13) Durin: thesteady state, 2 balance is established between
the need of oxygen and the speed at which it isdelivered to the musclesand
used up by them, The amount of lactic acid accumilated neither increases

nor diminishes.(13) During recovery, the rate of oxygen c-nsumption
should fall suddenly to the restinglevel .butit does noi bacsuse the

lactic acid which is accumilated during the first states an ‘iwhich isnot

removed during the steady statemust be dispos¢u during the period of
recovery,(13) Theorganism has contracied an "oxygen debt® the payment of
vhich is postponed until the xercise has eaded.By " oxygen debt® is meant,
the amount of oxygen, inliters,r ecessary for the removal of metabolic
productd accumilated while the supply of oxygen isbelow the needsof tl e
orgar ism. This debt is measured by the amount of oxygen eonsumed atiove the
basal rateb etween the end of exercise and the tim(when the oxygen
consumption has f allen to the resting level, (13) Before the breathing
mechanism returns to mormal the oxygen debt must be paid.Is violemt
exercise the oxygen—-consumption curve is different. It first imcreases
to a maximum, which is higher tham that of the

steady state of mode rate exercise, but nevertheless does mot

-23-



completely satisfy the oxygen requirements of the organism, The

oxygen debt is much greater and the recovery period more prolomged. (11,13)
The exercise an individual can perform is limited by oxygenm

supply im ome of two ways. Im the first place, there is a maximum

rate at which oxygen can be absorbed, tramsported, and used, determined

by the efficiency of the re.piratory amd eirculatory adaptatioms. (13) This

maximum is usually 4 liters per minute but in exceptiomal cases higher

figures up to 5,35 liters have beem recorded. (13) This

maximun rate puts a limit to the speed of exercise. In the secomd
place, there is a linit to the oxygem debt that the organism

can contract to be psid during the period of recovery. (13) This
puts a 1limit to the time durling which violeat exercise can be
performed, (13)

When oxygen demdni is greater than the supply, lactacidemia
increases six to twelve times the mormal level, (13) The lactacidemia
level represeats an equilibrium between the productiom amd removal
of lactie acid. Ome source of lactic acid ie its formation im the
blood by glyeolysis, which ijcreases in alkalosis and also whem
the blood passes thraugh the lumgs. (13) Anmother and more importamt source
is muscular contraction, during which glycogea is first
brokes dom to lactid acid and them again resymthesiszed to glyeogen
when erergy is pmovided by oxidation. (13)

When there is a strong or sustaimed muscular contractiom, the
insufficiency of the uxygea $upply causes the accumulation of lactie
acid, which diffuses into t he blood stream. (13) The lactie acid
fomed by glycolysis >r in the course of museular contractiom can
be excretegé in the urine or weat, or utilized by the heart, or
recomverted by the muscle, i»to glycogem, but the greater part of
that which has passed into the blood is takem up by the liver amd

24-



converted into glyeogen.(13) Oxygen is needed for this symthesis. (13)

When the formation of lactic acid does not exceed the eapadity
of the organism to remove it, as in the steady .tate of moderate
exercise lactacidemid does not increase. (13) When the effort
is greater, durirg tie initial phase, while the oxygem supply is
below the demand, laétic acid will aceumulate in the blood. (13)
It will remain at a fairly canstamt high level if a steady s tate
is established. (13) Later, durimg the period of recovery,
lactacidemia will fall rapidly to the resting level, When the exercise
is such that even the maximum possible absorptiom of
oxygen falls short of the requiremémts, there is no steady state;
lactic acid contimues to aceumilate until the exercise must be
discontinued because of fatigue(13)In this case a maximum oxygen
debt has been contradted, and there is a prolonged period of
recovery., This can be altered by training.

The lasting effects of repeated exercise shows increase in
the working capacity of the organism. (13) The object of traiming
is to acquire this i~creased capaeity by increasing: (a) stremgth;
(b) resistance (sust~ining an effort); (c) aecuracy amd sureness
of movements.( 13 ) "he increase in s trength is obtained by great muscular
development (hypertrophy and increase in motor uwaits and perhaps by
physieal #nd ehemical adaptation:larger stores of glycogem and
phosphodreatine, increased ability to dispose of lactic acid, greater
actifify of oxidation-reduction mechanisms, ete. (13 )

Increase in resistance is conditioed by the capacity to respond to
the greater oxygendemand created by exereise. (13) Traiming results
in hypertropiy of the heart and increase in blood volume., (13) There is

a2 diminished cardiac mirute volume at rest, and an increase in the

vital capacity of the lung, so that in exercise the minute
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volume and pulmomary ventilation can increase to a greater extent
than in aatrained subjects. (13) The alkaly reserve also increases,
and thus larger amounts of lactic acid can accumulate im the blood. (13)
Trained subjects have a lower restiag pulse rate than the untrained,
because of an increase im vagal tone. (13)

A more speeific result of trainimg is sureness and accuracy
in the performamce of movements. (13) This is due in great part
to improved neuromuscular coordimation. The musclesrespoad more
rapidly, and there is more accurate adjustment in the reciproecal
contraection and reladation of synergieal and antagomistie muscles.(13)
For this reason, to obtain better results in a particular type of
exercise, e.g. rowing, it is mecessary to practice this type of
exercise besides undargoing the gemeral traiming. The more
accurate coordination of the different movements results im
ecomomy of effort, as omly the appropriate muscles are contracted
and only in the necessary measure; thus fatigue is delayed. (13)
The reeovery period is also much shorter im trained subjects tham
in untraimed ones. (13)

How do children respord to strenuous exercise? Im Morse, Sthultz
and Cassel' report (37) om boys between tem and seventeen rumming
to exhaustion they foumd that im the first ome-half minute of the run,
during the period of adjustment, oxygem comsumption accelerated at a
fagter rate im younger boys. During the first two minutes
of the rum, the acceleration of respiratory rate dnd lung vemtilatiom
relative to body weight was slower in older boys but was accompamied
by relatively greater ubilizatiom of oxygem 6f the inspired air,
At éxhaustion, oxygen comsumption showed minimum valmwes at thirteen
years then increased to a maximum at seventeen years; elevation

of blood lactate concentration was at a mimimum at twelve years,
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inereased progressively from twelve to seventeen years; respiratory
rates decreased with age fram ten to seventeen years, while the
ratio of tidal air to vital capacity reached higher levels
beginning at twelve y=ars,

Shoek(25) found that after exercise (rumning up five flights of
stairs in a group of ome-hundred children from ages of thirteem
to eighteen over a six to twelve month period) the oxygem uptake
attained inecreased with increasing age. The fall in oxygen uptake
during the first minute after exercise was also greater ia older
than in younéer children. However the rate of recovery of oxygen
uptake during the latesr stage of recovery wasslower in older tha
in gounger children.

What influence has age, physique and museular development on
physical fitness? In an artiele by Cullumbine, Bibile, Wikramamayake
and Watson (41) in which they observed seven-thousand @eylonese
subjects ranging in age from ten on up with the majority in the
age group of tem to twenty years they concluded dfter using the
Harvard Step Test for assessment of the ability of th- people to
perform moderate muscular exereise as measured by an index based
on the duration of exercise amd the heart rate during recovery
that the ability is constant for boys im the preadolescent years,
declines with the onset of adolescence, shoma further significamt
decrease at the age of seventeen years, then rises stea_.dily to a
new maximum between the ages of twenty-ome to twenty-five years
and thereafter declines slowly again.

Espenschade (L4L2) found that older, taller ard heavier children
ére stronger and in gemeral more proficieamt in activities tham are
younger, s horter and lighter echildren. MacCurdy (L3) found evidemce

concerning the relatiomnship between streagth of boys amd physical
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growth which imdicated that: physical growth is gradual up to the

age of twelve and them is very rapid. The maximum growth is

reached at approximately * eighteen years. McCloy (LL) agreed

vi th this generally whem he foumd that the most rapid increase in
strength of boys occursbetweem thirteem and sixteea years. He found
only a slight imcrea-e after the =ge of seventeen years. Im relation af
stremgth to puberty imoek (L9) found that the postpubesceat atthirteen
was stromge~ tham the prepubescent at fifeteea. Amnd

that the acceleration of stremgth lagged behind the spurt in

height and was most arked in the first year after the postpubescent
stage. Espeaschade }j2) also foumd that body growth and athletie
achievement rums parallel, that there is no significent correlatim
between performance ind physzical proportion at amy one age. Also

the motor performance is related to age, weight amd height during

the elementary and junior high school years but shows slight correlztiom

with body build. Physiological maturity evideatly imfluences the rate
>f increase but the nature and extemt of this influence has not be'n
determined. Espenschade (42) concluded thatmotor performance of boys
19" positively and signifiogitly related toall measures of maturity,
chroa ological, anatomieal and physioclogical.

whe' chrondlogical ag is held constant, rel~tionships between

motor performances and anatomical or physiologieal maturity are

lower but remain signifieantly positive in some eveats. The
relationships betwee: gross motor performances and physieal measures
of boys between the ges of thirteen and seventeen years are stromgly
influenced by the rayge of maturity and ¥ariability of physical
growth rate, and that relatiomships would be lower in a group more

homogeneous in these factors.
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Jokl and Cluver (46) when testing South African children, moted
that puberty ecaused a retardation in the rate of progress of the
ability of boys to ri'n 100 yazds and stopped the progress in the
ability of girls to run 100 yards. They concluded that the
capacity to verform evereexercise decreases with advamcing age
in both sexes from aliout the age of fourteen onward, with a
temporary increase a *seventeen and possibly at twenty years.
They also fourd that the enduramce of boys imcreases :teadily between
the ages of live ano twenty years, adolescence retardimg,but not i-
terrupting, the progress. Speed of movement, muscularstremgth and
the ability to sustain moderate exercise to fatigue
do increase with age to a2 ma¥ximum im rarly mamhood or womenhood.
Similarly, stremgth md exh.ustion indices increase with
increasing developmed tal levels and are positively amd signifieantly
correlated with deveJopmeatdl levels.

What is the incidemce of imjury and how serious are the imjuries
imcurred in teemage ports! Injuries are ever present in any
type of athletics, juat as they are in every day life. It is
interesting to see the frequeney of the imjuries imeurred in
sports, theirrelative probability and their prognosis. Im the
sports whieh are most generally included in nrograms im the high

schools and colle es about the coumtry ( most frequemtly football,
basketball, track, whestling, baseball, softball, temmnis, swimmiagand
physieal educatidm (L47) <the most common cause of imjury is football.

(48, Lh9) This may vary from area to area but it seemed

tobe a fair indicatfon of the relative incidence of imjury of one
sport compared to ancther. The nmext most injury prome sport according

to one study (L9) was basketball. However it was only one-fifth

as dangerous from an imjury incidence standpoint as football. (L9)

Tn analiziag this data Hibbert (L8) foumd that in observing 47,000
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athletes participating'rsporﬁ, ome in five would expeet to be imjured.
In two studies (LB} 19) covering 60,000 athletes competing im all
sports, the incidence of fraeture was about three per cemt. This
indicates that a person beimg imjured has about a 15-20 per cent
chance of havimg a fractured bome. In a study by Kramer (49) in
whiech the injuries in basketball were ome-fifth as great as in
football, the most common imjuries im basketball were dental iajuries,

sprains and fractured. Of the 105 injuries in basket ball, 81 were in the

above group. (49) Twen ty-five were fractures. Seven of these fractures
were of the nose. I believe the fraeture group

is the most importanticonsideration in this group of imjuries.

In this study seventeen received fractures which could be

considered of significance. This seens £o be a rather small umber, This is

orly one set of figures but represents a trend irn several other studies.

(50, 51, 48) From this I wouid conclude that the sport which incurs mast of
the injuries is the one which should
demand the most attention. This is football.

What is the imcl ence of imjury im football? At Princeton
in a tem year period a member of the Primcetom Football Team had
sixty-nine chanfes in ome-hundred of being imjured. This study

covered about 780 mer. Players averaged 5.2 days away from prastice.
One in twenty-five was imjured severely enough that he had to give
up the sport for the season and ome in ome-hundred had to giveup the
sport entirely. An imjury here constituted a day lost frompractice.
In 11,500 enrolled in athletic aecident bemefit plan

at Topeka, Kansas,(Ld) 691 sustained imjuries requirimg the services
of physicians and dentists for treatmemt. Five-hundred-forty-five

of these ere fram football or eighty per cent of the

injuries. In a study by Hipbert (L8) of high school football

injuries during 194841949 coverimg four states amd 47,00 athletes,



eighty per cent of th imjuries were from football. At Northwestem
University (53) in a two year period in 195land 1952, one-hundred-
twenty imjuries were seen. Here seventy players were engaged in 225
praetice sessions and games whieh accounted for 15,750 player-days.
In the Boston igh Setool System from 1930 to 1939, excludiing 1933, (1
) 61} injuries occured amomg 7053 particivants. In a

report made by Gallaghier (51 on athletie imjuries among
adolescents he reporte:l 869  juries among 1082 partieipants.
Five-hundred-sixty of these rere from football. At Belmont,
Massachusetts, (1) a group of former football players w-o had

sons ranging im age f om 8 te 1l years of age organized their

sons, L6 in number, i1to a team and supervised their play throughout

the season, during which thirteem games were payed,

Careful infestigation showed that aside from a few minor corntusioms
and occasioral traumabic epistaxis no imjuries occurred. All except
the last report would indicate that football has a ra her high
imcidence of injury. This makes a rather serious sounding situatiom
and at first one wmnders what sort of mayheim this game is. However,
if ome ahalyzes the type of imjury other facts are made obvious.

of 7,090 injuries occurring at Harvard University (50) im the
years 1932 through 1952 Thormdike showed that omly 15 per cent
were serious imjuries. He classified an imjury as any imjury
causing an athlete to miss one practice sessiom. He defined a
serious injury as a fracture , dislocation or intemal imjury.
The rest came unde the heading of minor imnjuries anrnd were
mainly sprains, straine, contusions, laceratioms, abrasioms and

minor infections.

Of 545 injuries reported by Kramer(L9) due to football, twenty-
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s8ix per cent were dental injuries. Forty per cent of the iajuries were
reported as dislocati~:: and fractures. Howsver, this is not as
serious as it soumds for aboat tmg-fourth of these were fractures
of the nose. Comtusioms and strains were mot included under
injuries in this stully. No intemal imjuries were reported in this
group.

In the Bostom High School System (1) from 1930 to 1939

excluding 1933, amomg 7053 participamts in football there were

61 injuries. Of these 170 were major imjuries which included
ffactures, disloeatidns, concussioms,and contusions of the kidmey.Major

injuries comstituted iwenty-eight per cent of the total
number of imjuries. Fracture was the most commom major injury
with the nose comtributing about twenty-five per cemt of the
fractures. At Primeetom (52, from 1933 to 19k2 there were 928 imjuries.
Abhout ten per ceat were of the major type, either
fractures, disloeatioc sor intermal imjuries. The rest were of the minor
type. At Phillipe Academy, Amdover, Massachusetts, (51) the imcidemce of
major injury,which was defined here as any injury
ecausing tem missed pr-ctices, was fow.i about twenty-five
per cemt of the time. Hibbert (48) tabulating the football injuries
over a four state ared found serious imjuries ( fraetures and
dislocations) contributing about twemty-one per cent of all of
the - injuries.

From this it can be seen that serious imjuries, defined usually
as fractures, disloeatiions and intermal imjuries, have an incidenece
ranging from tem to forty per cent. It is moted that the incidence
in high ~chool seems tn run a somewhat hi her than in the colleges
and in the younger groups. This is orobably because both the youager
an' oMer groups got mpre attention. Also im high s chool an imjury has

to be reasonably s:vere btfore a doctor is seen, for the teams
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usually do not have a doctor at the practire amd the boy oftem has

to see a doctor on hie own. As in the case of Kramer's Study (L9), only
those injuries ir whiech compeasatiorm W<'ls paid were records

made, 30 necesaarily the sericusimjuries were high,

In considering the serious injuries,what were the most prevalent typesof
serious injury? we will defime a serious imjury as one in whicheither a
fracture, dislocation or intermal imjury resulted. Inm
Kramer's study (L9) fracture of the mose was the most common,followed closely
by the ribe, less frequemtly the claviele, hand and
tibia or fibula, These four made up about eighty per ceat of the
fractures in this group. Also thirty dislocations were reported.

They were distributed about nost of the joimts. A report by

Hibbert (48) showed results similar to those of Kramer. He

foumd the most frequeit fracture to be of the claviele followed by

the leg, finger, forearm and nose. He found th~ most prevalemt
dislocation to be of the shoulder followed by the knee, elbow

and fimger. Ay Phillips Academy (51) whose program was for boysbetween
thirteen and eighteen , the most common fracture was that

of the fingers follow=d clozely by the mose and the somewhat less
frequently the metacarpels, foot, toes, and claviele. In this

series fractures of the humerous, radius , ulma, femur, tibia

or fibula were rare. It would seem from these groups,which at

bestare only a limited sanpling,that fra~ture of the large

bones is mot too common. The nost common disloeatiom im this group was that
of the humerious followed by the elbow and finger. Dblocatioa

other than the shoulder were rare.

One wonders what is the outeome of these injuries. Thomdike (50),who
is chief surge .on to the departmemt of athleties of Harvard

University and affiliated with their medical schodl,was of the
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opirion that im awell orgamized college athletic program, where
the coaching and medi -1 supervision were well coordinated,
there was little'liﬁiihood tt at the sthlete  ould leave college
witl some disabling ir jury whieh was the result of the sport im
which he participated.

Apparently in his experience of over twenty years he regarded
contusions, laceratiory abrasions, inflammatican amd imfectioms of
such litlle import in creating permament disability that he failed
to even mention them., ©Sprains he concluded rarely ever resulted
in a complieatiom or lisability. In regard to lomg-bome fractures
he found thatzalmost lways they healed well and in good alignment.
However, he did state that scme of the fractures imto joint surface
or through growimg epiphyses did result in disability. In his
report he had three skull fracture;mwhieh he failed to comment
on the outcome, one ruptured kidney which was treated promptly amd
successfully by surgical intervention; amd two cases of ruptured
spleen which were reeogrnized and successfully operated upon.

In McPhee's (52, review of football imjuries at Princetom

University he had eiglt menor one ner cent of the squad which
were jmjured severely emough thatthey had to drop the sport
permanently. Three were knee injuries, three were back injuries
and two were head imjiries. Aecordimg to him, omly three carried
any residual and of t! ese three only one could be directlyattributed
to football, The other two w-re questiomable and were probably
the result of another imjury reeeived somewhere else. Thirty-ome
cases, however, at one time or anotker did, cause discomtinuence
of football for the s:ason. Twelve were sprained knees, sixteen
were fractureg,one was a contused kidmpy, another a sprained
back, one was a severe laceration amd contusiom., All of these

fully recovered.



In regard to the specific type of injuries, McPhee (52) thought that
bruises or contusioms usually cleared up without amy trouble, but
occasiomally ealcium was deposited ir the hematoma and that this
prolonged the healing. This occured seven times in his series.
A1l but one subsided without difficulty and it had to be removed
surgically. Eighty-six knees were sprained in this series,
Surgical intervention was needed to restore stability in eight
cases and one was amputated. . T all only three were dropped
permanently from the : quad, The ankle was sprained sixty-seven
times in this series; iowever, in no instance did it result ¢a
cessation of competitiom., All of the strain amd fracture cases
made complete recoveries. TIn sixty concussion cases all cleared
without any residual. In twenty dislodations of which seven
were of the shoulder only two regiired surgieal interventiom.

These reports from two colleges are not completely applicabke
to the junior high school student because of the difference in age.
Howeverythis is about all one can do for information. Rarely do
any imstitutions other than universities have such extensive data
on the imjury and its outcomes., High- schools are attempting to
give better medical ceverage but as yet only the major or more
troublesome imjuries are seen amdfor reported. A high school
student rarely,if ever,reports 2 sprained finger or contusion.
Reporting of an abrasion is almost never seen. With such a few
jumior high =choo programs and probably mro more mediecal or
statistical coverage than the high schools, and probably at times
even le:s:, fewer facts about jumior high school imnjuries are known.
The only data we have is from some of the boarding schorls and
usually this includes all of the boys in the sehool. Usually
their ages range fror twelve to eighteesn years. Obviously we are

not observiag direectly the group im whici we are interested. We
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can only infer from tle older age groups what may happem to the
younger age groups. For tiis re=son I feel that we can omly
trhthful%,say'we don't know what will happem to these childrenm
conceraing injuries wten they compete or participate ia athletics
in a jumior high schocl program. Though the tudy by Hibbert (L8)
indicated that in the ages sixteen to eighteen * the sixteen
year old youth was more prome to injury) I dom't believe that one
could say without questiom that the ineidence of imjury for a child
fif teen would be that mueh greater tham the incidence .of imjury
for a sixteea year olc youth as compared to a seventeen year old.Or
that the incidenece of injury would inerease proportionately

to diminishing youth of a group of jumior high school children.
Hibbert (L8) thought that age and experience usually parallel each
other and that the firs} year of participation would probably

have the greatest indidence of injury. As the child beeomes

more proficient amd better coordinated he will be better able to
take care of himself,

The fracture appears to be the major imjury of the greatest
incidence., The rest ire rather rare. (48,49, 50,51,52) 1If one
is justified irn inferring from the older age groups that fracture
would have the greatest ineidence imn a junior high school youth
partieipating im athleticg them it might be interesting to
see if they are any more serio's in childrem than in their elders.

Watson~Jdores (5, states that a greemstick fracture is often
seen in children., This would indieate that their bomes are more
elastic than those of their ~lders. It may be that less force
must be applied to a youmg bone to ereate a fracture tham in an
older individual though I found no evidence to support this and

hernce might have more fractures. Hpwever, oremust take into
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consideration that im sports young people so not move as fast, hit

as hard or play as rough., They may hit or fall as hard as their

elders in proportiom to their wekight amd sige, but im actual umits
of forece I don't believe that they do.

Once a fracture occurs the child heals more quickly tham the
adult. (5L4) This is ever.apparent in children whieh are four or
five months o0ld as compared to ones which are fifeteem years old. (5k)
There is probably some small difference betweern twelve years amd
twenty-one years -though very amall, (54) In fractures of lomg
bores slight loss of appositiom of fragmemts may be of nosignificance
or much less in children than im adults, (54) Ia
long bones the younger e¢hild the better the chance of remoulding
and disappearance of any deformity. (5L)

The epiphyseal separation is often the suject of conversation when
speaking of jumior high school athleties. Many of the articles written in
oppositiom to teen age athketicsmention the extreme seriousness of
epiphyseal separat ions and their associated growth disturbances, The
scl.ool systems of the country have so few jumior high sehool athletice
programs that little if any statistical evidence is presented to
indicate the inecidence of this fracture im childrem. For this reason
I believe that the orly way we may determine what the result would be
is to run a series. However this is very diffiecult. Eey and Conmwell
state that epiplyseal separations are most frequeat in the lower ead

of the tibia, lower end of the raedium and upper eand of the humerous
but notring is said about the imcidence. (£5)

Due to the faet that ‘all of the epiphyses have united by the
twenty-fifth year and that most of them have united before the age of
twenty, epiphyseal se-aration praectieally does ogeur after twenty

years of age and are very rare after 15 years of age. (55) Kost
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cases occur between the ages of six amnd twelve at a2 time when the
epiphyses are rather large and eviphyseal cartilage is relatively

zoft, this being th. -eriod of active growth. (55). Key amd Comwell
(550 are of the opimicn that whem epiphyseal separation does oecur

that growth disturbances are rare though these growth disturbances

may result in very se--ious consequences and reguire operative treatment.

It would seem to me if we can infer that the statistie: im the
two surveys of high school athletics covering 60,000 partiecipants

(48,49) are ap licable to jumior high school student then the incidence
of imjury whicl might lead to permament disability is very small.
Tn the two series (48,L49) the incidemce of all injuries as compared

to those marticipating raam about 15-20 per cent. The incidence
of fracture of thos« mjured was about twenty pereeat. Out of

the total group this mounted to about three per ceat of those
partieipating. As was ' own earlier about eighty per eent of all
of the injuries were from football., If this were applicable to

all cases them we would expect that the inci’ence of fractureiin

oother sports to run aroumd ome-half of ome perceat. This would
mean that in sports other than football, if these figure indisate

a true trend, that fractures im sports other tham f ootball occur omce
per year for eael two humdred athletes and that five out of every
two-hurdted football players a fracture will occur im aseason. In

about 2000 fractures in three groups (48, L9, 51) im whieh two groups
were high sehool age and the third were of am age range of thirteen
to eighteen the most common fractures(about two-thirds to three
quarters) were of the nose, fingers and hand, elavicle, ribs amd
lower leg, tibia amd/or fibula. It would seem that here that the
oikly fractures of very great importamce would be of the

lower leg. These lower leg fractures had the
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lowest incidence of all of the fractures of this grour. All of

this would indicate to me that the incidence of serious imjury is

extremely low., The ircidence of intermal imjury was not reported

in Kramer's and Hibbert's (L48,49) series of 60,000 cases though it

ran about four percent im Thorndikes series (50) im college.
Dislocations in the 60,000 cases ran sbout four per cent of all of
the injuries. This seems extremelv low whem compared with the total
number partieipatimg. Amd as imdicated by Bumett whem hecompared
the incidemce of injuries of sardlot football game im Bostom to the
injuries in the Bostom High Sehool System, the mndlot games ran much
higher by evidence of the boys missing school amd beimg seen at e
the admittirg room of a Bostom hospital. He found tha the number of
injuries sustaired in orgamized play contrasted

sharply with the number of imjuries received by the boys who played
on the street, in vacent lots and baekyards, im parks and other
similar places. He focusd thst these boys whier imjuréd were usually
umable to receive medieal care on the spob and as a result foumd
aid at the nearest hospital. Aecording to the records(l) the
incidence rése sharply im early September until early December.
Itwas customary to treat from twemty-five to fifty players

in the accideat ward of the Bostom City Hospital for football

ir juries alome im this period. Om Momnday mormimg durim; this

period an average of thirty-five to fifty players were treated

in the outpatient departmemt. Although a great mamy had no fractures,
a number needed X-ray examinations to rule it out. The Headmaster of
a Bostom High Se¢hool states (1) that he was constamtlyhaving
absenters on Momday mormimgsoor reeceiving requests from

boys for permissiom to go to their physiciamns. Or more oftenm,

they wanted to go to s hospitel to seek relief from imjuries imcurred
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over the weekend particularly om Sundays. He added that these boys
played in scrub amesand were not connected with any orgamized
group.

A Boston coach (1)said, "Wehad mo injuries durimg the season
except for a fewmusele bruises and according to the report of our
truant officer, no merber of the squad was absent from school on account
of any inJury received from football. We did, however, have seven
fractures ‘nd dislocations from boys playing sandlot
or backyard football. These boys, however, were mot members of the
high school squad."” This indicates no statistieal evidemce
of the imjurjes imcurred im samdlot play but it does express the
opin ion that it is more common im such activities tham im
organized sport.

After reviewing ‘hese figures I would have to comclude that
the incidenece of imjury in sandlot games is higher tham that of
organized athleties. The inciddrce of serious imjury is extremely
low in the orgamized sport programs reviewed amd those injuries
which resulted in pemanent disability were very rare. From
these figures it wasapppareat that the incidemnce of serious iajury
ever im football was very low though four times as great
as the rest of the sports. This is certaimly no imndicatiom
of wh-t might happem if our jumior high school children were
allowed to participate im athleties but it gives us some
medieal basis for formulating an opimion as to the advisability

of such activity.
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Summary and Comclusions:

Evidence is presented that exereise, no matter how severe,

vauses mo harm to the heart umimpaired by eongemital defects or
orgamic disease, Reports, though mot im complete agreement,

suggest that chromic exercise results im slight cardiac hypertrophy.
Most sources believe that this is absolutely of no comsequemce and is

a normal physiologie resnomse which may aid the orgamism.

Observations of respiratiom, pulse amd Blood pressure
revealed that the exereising ehild did mot respomd much differemtly
‘than the adult. Nor did the small deviatioms im the respmse to
exercise reveal amytiimg which eould be considered sigaificanmt.

Some studies showed that the youmgster who had mot reached puberty was
better able to tolerate stremuous exercise than the ome who
had passed puberty taough endurance imcreased with age.

Studies reveal that the eompemsatory mechamisms of imcreased
blood pressure, rapil pulse, increased rate and depth afi respiration,
etc. remained in action lomg r in youth just as they do im the
untrained adult. In youth these compensatory mechanisms subside
after exercise more quickly after training. However some changes
were noted which ecould have been direetly attributed to youth though
they were of 10 comsequence. The evidence presenttdsuggested that all
of the mamifestations of exercise are compermsatory inmature,
thattheir duratiom wag a function of the orgamisms ability to retum
to a homeostatic state and probably of ro signifieamee other tham as
a measure of the ability of the organism to returm
to homeostasis.

Review of the imcidemnceof imjury in athletics revealed an

incidence of about twenty percent of all of those participating,.



About eighty per c nt of the total imjuries were found to be the result

of football, Most of the injuries in 2ll sports were mimor
injuries. Major imjuries which were defimed as f raétures,
dislocationsor intermal injuries contributed a very small percentage

of the

total number of injuries. The fracture was the most common

injury im this group. It was about eight times as frequemt as the
dislocation in the statistics reviewed. Very few ruptured spleems,
contused kidneys and similar irtemeal imjuries were reported.Fractures
were seen 1 about three per cemt of all of theese participating in

two studies coverin_ about 60,000 athletes.Complications with th se
fractures were rare.

Some of the effe:ts of exercise amd athleties pon the pre-
high school child hav~ beem comsidered. Some have been observed
and other have been inferred. In my opimiom I ean see no
contraindiecation for athleties im mormal children from the aspects
considered. It is true that a few would be injured. However some

would be:dnjured at the same period of time if they were not

normwae ]

allowed to participat im athleties. I beliwe that if anchild
desires to partieiprat im sports that no medieal contraindication to

umlimited partieiptiom exists,
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