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CHAPTER 1
INTRODUCT ION

The distinpuished Iritieh phyelologist, A, ¥V, H111, in

speaking of the relationship of physiology to athleties sald:
The practiee of athletiee 18 both a science and en art,
Juet as art and solience are the most potent tles tending
to draw men together in & world of industrial competition,

80 eport and athleties, by urping men to friendly rivaelry,

a{ help avert the bitterness nw:ltm from lees Deaces

strugsles. If, therefore, physiology cam aid in the

develo t of athletice as & sclence and an art, I think
it will deserve well of mankind,

The effects of training on the body, in relation to the
heart, blood, reapiration, and the museulsr systen, have heen
thoroughly examined by physiologists.. The results of athletie
eompetition an the body fat of mean has not yrecleved such close

ugutm.
ftatenent of the Probler

“ha purpose of this study wes to deternine the chanpes
in body fat as computed from the skinfold measurement of collere
track and fleld athletes of fouth Dakota State Collepe during
2 season of competition mnd trsining, The effect of traok
conditioning on rain or loss of welisht was alse examined,

y ttbolim m.x. "'rm Tnfluence of lechanlesl ¥ork on
o mant ‘i'ﬂ:m
4%8 T&ap Do & 3 Commz gim%. Pa.,

-l




Nelinitations of the Problen

Thia study was limited to testing varsity traok and
field athletes of South Dakote “tate Collere whose training
and competition commenced in Janusry, 1990 and ended in June,
10%9, Tt ie aleo probehle that the results of thie study were
nodified by the fact that pore of the sudjectes had been venbers
of the croes country tesn and as such were partially trained
at the becinning of thie etudy.

“4gmificance of the Froblem

Body fet has been the subjeet of numerovs studies in
health, nutrition, physical fitness,and somatotyping, The
relationghip of body fat to athletle trainine and perforvance
hag not received ag ruch attention from rhyeilcel eduecators,
It wee entloipated that this study would reveal significent
information for the profession concerning athletie trainine
end the galn or loee of suboutaneoun fat.

Tat and Adipoaity

Igt 1o & eompound comPosed of three molecules of fatty
seld and one of ~lyeerin.? Fat tissue 1o composed of specislirzed
eelle which have the ability to take vp fat and gtore 1t, n

— — e

2, Cheraskin mﬁ L. Le Lengley, "Absorption and
Jtﬂiutim“ yalolozy m Pe 428, Velrawm-iill Book
Compeny, ™e, : >
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single slobule within the interior of each eell, wmm- of

fat cells are held together in mase by comeetive tissue,”

Body fat accounts for about 18 percent of the total body

welght of men end sbout 28 percent of the body welght of

women,® Fat. functione as insulation for memmels, It s &

poor conductor of heat and thus ie very effective in cone

perving body tempersture. Vowen genereslly resist the eold

better then men because they are equipped with more insulating
(O/nz.s Fat deposits perve to protect the internal orpene. The

kidneys, for example, are larpely held in place by fat.® Gemmill

demonstrated that fate can be used indirectly for musculsr work,

Thie process 1e an effective method,.as muscular efficlency ie

not effected for short periods of ex:miaa.?' Vhen earbo-

hydrates are depleted, frte serve as the primary source of

energy s the amount being used sometimes inoressing to three-fourths

[EE s B st B

= Janton J, carlsgr:'r:xdcﬁfiegor Johnson, "The Unit of .

p.’?g:’ug.qugixﬁ%?et cg!v.a:eo Préce :% %1%&“*&338.

nnmhi; iénm?’f' and P, J. Rasch Zg%mnnmlaﬂul

Ps 28, ¥, B¢ Saunders mrmny: g& B,
Scarlson and Johnson, 9D, m.. Ps 33

61, Jean Bogert, "Fatty Foods",
M Bth F-dc. p. 26. We B, Mﬂwm

Tmnma be Gemi%l.agng el for mﬁmfzwn .
olo; vo Ameriean Physiolopgie
v e xmm%rylaﬁa, Jeruewy, 1042,




of the fuel used,” liorehouse and Viller suzsested that
athletes in tralning should not have more than 25 perecent of
their dally calories supplled by fat because 1t ie not direetly
used as fuel for musculsr exerclee,? =
Adiposity vefers to the fat stored in the colle of loose
somnective tissue distributed throughout the body. These eole
lections of fet are utilised mainly for storage purposes end
can be oalled upen by the body when required. The vardious
fat depots are located in the svbeutancous tlssue, gpenitsl,
pevenenl, mesenterie, intorvuscular, and omental regions,
dpproximately S0 perecent of all the fat in the body is loeated
in the subeouteneous tiseue.'0 The word "adiposity® refere
m:tytotmmtzmﬁmg uﬁmm&ummmn
MI

 Cgaweh 7, Niedren, "Chenloal mice in Museular zm"
&mmummm Pe he Dryden Preest New

91, E. lorehouse and A, T, Filier, "Diet”,

§8,jamxaises e 291, Cu Ve Vosby Compmayt Ste louis, THssou
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CHAPTIR 1T
REVIEY OF RELATED LITERATURE

A published study by Thompeon, Sushkik, snd Goldmen of
Doston Umiversity hes direet spplicstion to the yroblen, Tent-
ing 14 btashetball players end 12 hockey pleyers, before and
after the season, vevealed n simnificant loss of fat at the N
three sites nmeasured, Nody welght remained yelatively eonstent,
with the baskethall plapers losing o nean of 0,94 kg and the
hockey athleten loging an even smoller amownt of welpght, en
morape of 0,42 kpe of body welght 1l Further stuly wes mede
by Thonpson on W menhere o!' the W University varpity 00t
ball tean, hinfold measuremente mex wvelcht wers taken at the
beglinning and end of the footbell season, s peried of about 12
woelts. The mean welght loes, 1.49 hm,, wes mot sigmificent,
Howover, the shinfold neagurenents ot three olites showed docrenses
vhieh were all pignificamt, Abdominal tisoue decreassd 5.7C mm,,
sheat tissue decreaced 4,92 rm,, end upper earm tissue decreased
1,48 mmy, These thyee decronses were signifieant at the one
peroent level,12 |

ﬂcvwgmmmn.?m "Chanpes
in ui. imsmm M Meinfold FM&; of mnm

m&. 27, 1m‘m5.m Miat!aa f'**'x.s.
sl Udueation, and Z"mtiam »imsmtm, DeCoy Decenber,

1%¢. V. Thompson, “Chenpes in Boéar Tat, Hatimated fyon



Simificant shinfold measurement Aifferences snd 1ittle
lose of body welrht suprosted & change in body density and the
possibility that fat had chanped to musele tissue as o
result of the ptremuous athletie setivity.

Velham and Dehnke demonstrated that welght g not necese
earily a valld indlcation of excessive fatness, M thely study
of profensiona]l football Dlayers they concluded that the athletee
were low in fat content, although thelr meen body welght was
24,6 pereent chove the Navel standards for men of the sene
height and welght,13

In a very conprehensalve analysis of body composition of
12 soldlere, in parstyooper training, Pescale, ot al, found a
mean boldy welght loss of 0.0 kp. Thése men, enpgaged in an
intenolive three week courpse, had the thickness of their skine
folds decresse simmificantly st most of the sites messured, !’

It was interesting to note that the body fat chanpges came in

a relatively phort training time, and that the men initially
Shinfola Mmu af vmug aozm Football W Aupe
Assootation for Heatth Hatacion,

Washinrten, D c.. W, 1080,

Healthy MNen Bo&y Welsht ma 1W’ o
wm-im ef mmzma' Azhln‘m tm! of Naval 2%

ool Wlu "8,
noin, Tebyuary ia. 1042,

41, n, Paseale, ot al, "Teport of Changes mmaycoma-

tm of &Mim w memmr Training @ﬂ %
i Qo : Lo : Lo zmzm en Avn,

nver, Cov s Veaweh 22, 1988,



vere in a poofl state of rhyslcal fitness, having just completed
a 16 weeka baelc training course,

Tenner made detalled anthropomstric measurements on ten
heslthy young men of prédominantly meeomorphic phyesique, who
were unday the guiﬁancu of a welght=tralning instructor for a
period of four months, The most notable chenpe wes an increase
in the eircumferencs of the uppsr arm which was not accompanied
by concurrent chanpeas in thickness of smubeutaneous tissue, and
gould be sttributasd to sn ineresse in muscular tissue,1>

In another example of body change in training, Seltzer
measured the cheet circumference in mid-inspirastion of 272
Amqrican Alr Force cadets before and after an a2ipght weeks course
of severe physical training. One of fhe conclusions of the
gen#ral affect of training was to increase the ecireumference of
the c;h.wt.‘6

In an sxperiment, ueing animale, Morse and Schlutz exer-
cised ten short-halred mele doge, weighing 9 to 14 kge., on a
motor-driven treadmill and swimming in e tank of water. In
the treadmill sxperiment the dogs were welghed before exerclse

and after termination of the exercige. Conclusions show that

155, M, Tanner, "The Effect of voight-'rrainm% on Physigue",

. Qz_ghxﬁiggg » VOl. 10, 4584459
@ﬁe %fsgar Inst%tute of atomy an ology: Phllaéelphia, fa.

December, 1952. 5
150. C. Seltzer, "Chest Circumference Changes as a Result

of Severe FPhysical Training" of FPhysical
Anﬁhggng;gsx. yol. 4, 389-393, %ﬁe %fskar Ena%itute of Anatomy
an )

ogy: FPhiladelphia, Pa., September, 1946,



the lowe of body welri! ocourred duping treadnil) cxerolise and
that the loso of welght Doy Milo of hody welcht was roughly
ralated to the duratlion of the emorelise perlsd. Loasen of
body weliht, %0 the tine of exheustion in sinutes, ronged fHrom
17 gne Der kgm. ed AO pimsten, %0 05 ame por Yo, onf A%
minutoe, 17

Geover node an imporiant eontribution in his analpels
of fpringficld Collepe studentn. “hey were mibjected to strenueus
tyeadnill running for %0 cimites, three times per weel, ever 0
minute periods. This tralning esused am apoyecisble lose of
for .10

. Thonae K. Cureton and his assoclaten, 1t the Tnivere
sty of Dlinols, ccocompiished a prentd den’ of researeh in the
gran oF fhyelcnl Tltness ond In isoleting Toectors vhich were
responaidbio for reduetion of body fat, Curclion mede OLY NOBOUPGs
ot e m the 1040 “nited Dtates OlymDle swinning tenm awd in
sorpardoon with the 1970 Clympie ewimming toom, found the 1080
tosm ‘o have ohout 2 mm, lens oxternal fob Dor messuzenment .
He atated, ""his indlsates that the 1040 team as & group had

tog the mmﬁm of um m F!M: 1 2 ol B

’Ma Hessnehuoett o 100




less predispostion to endomoryhy, or thet as s group they ap=
prosched more clopoly optimum phyelonl condition, since stvenuous
physionl conditioning tends to refuce external fet pads,”1?

In a dlsoertation concerned rimarily with the exelusion
of endurence type activities and the substitution of too nany
moter skille in the dally physicel education pwogram, Cureton
indiceted that he thought the nge of the individual would have .

& hearing on veight gained or lost. Youngey athletes, in &
relatively good otate of treining would not lose welpght and
some may oven galn additional weisht, Cldey people need one "K’
or two momthe before they will bLe able to show en appreciable
loss of edipose tisoue. Nurthewnore, althouwsh boldy fat le
reduced, the individual may appeer £o meke no real gain, ms 5
endurmnce exercises will ineresse tweele density end buli,20

. Comtinuing hie theory that the modern dey rhysicnl sduoas
tion progran lacks enouph endurence activities, Tureton found
that ewercolise nust be lonz smourh to reduce welght and fat. 1
He recommended "0 minutes or rore of hard exercise in sueh
pureuits as swimming, hard rhythoie ecelisthende training, end

m"mm , Cupeton, "The | ‘ffmaf Mysicsl “reining
Sports, end | inerelses an wism ;A zm. . Theeue Froportions “

ons No, g; W?t o HOOC iation fop Mth;
w?ggqmm@um, e *“matlms washington, P, ¢,, Vovens
» . (el
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long distence ewlmming or eyeling.?t

In 2 thoreurh investigation, aimed at deternining the
effecte of »1l1d, noderate, and viporoue physical activity on
adipose tinsuve, Yirellie eetabhlished three claseifientioms,
Fighteen students were messured in siy pleces with fat ealipers
every two weels for e poriod of six weeke. The Pasie Fitness
Cless, o vigorous rhysieal activity group, perticipated in
lomg endurance umning and loet the most fat, the amount average
tng 8,77 mn, The 1ife faving Clase, the moderate physieal
aotivity group, loet en sverage of 2.5 mm, of adipose tissue
per student, n the Adepted Sports Class, m mild physiesl \”
netivity group, ewercises consisted of celisthenies and light
recreational activity. This group 13,3!: the least smount of fat,
an averege of 1.7 mm, per individuel. Although sdipese tiseue
losses for the three groups were significant, welght reductions
were ;ata The Tasiec Fithese Olass loet 1.5 pounds, the Life
Saving Olass 1.9 pounds, snd the Adepted Sports Clase lost .0
pounds per stuvdent, Zireilis stated, "This shows that the more
vigorous physicel training programs bring sbout greaster losses
of adipose tissue than do the noderate end mild physienl
activities, Also that the desree of intensity of vigorous,

W e I E————

2 homas ¥, Cureton, "The vnuc of liard Indurance Fyere
eleens and Tests to Mcm m-:mma in m&amt, M, tmmﬂm

Vashtugten, Dy Oy ws!‘ |
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moderate, and mlld physieal sctivities reduces the sfilpose

tissue in proportiom to the intensity of the physiecal astivity,”

Kireilie eonoluded, "The loas of sdipose tissue and the

peglipgible lose of velrht supgests that the muscle tone rmust

have inereased; therefore, it is assumed that museular developw

ment hed ocourred to offeet any poseidble loss of weight,"22 2 7
Cupeton supervised the rejuvenation of the physieal

fitnese and orpanie efficlency of a 59 year old men, A eix

monthe rogrem, which ineluded wallting two miles per day, five

days & week, home calipthenies twice a day for 10 to {5

minutes per day, and golf or a long hike once 2 week, resulted

in & reduction of over-all fet by 20 percent standard geore,.23 J?
froll examined the amthropomebricel charmcteristice of

35 vareity wrestlers, from four Big Ten schools, when they

came to Illinois to compote in dual nmeets. One of the cone

clusions was that the fat measurements of the wrestlers were

axtyemely low,24

2R, W, Kireilis, celation of
PDe 100=102 y
8t Urbann, xilmu, 19&-&.

sadle Amed lan K'z gt Byl -l
e " e owe o P on
y vol, 2%, 140150, Americen mm%
Hucation, and *‘matmm WVeshington, D C,,

Yey , '9551»

2hyadter Kroll, "in mmmfum Study of Some Pip
Ten Vorsity Weestlers , IR, vol, 24, "08e
%09, Aineyricon Mmtutim muuon. end

heereat tont ¥ashington, D, Cos octm. 1954,



Cureten found that the endomowphs ceve poor phivsiesl
porformences in comparigon with mesomorphs in such activities
as the Topers Stremgth Index, sprinting, the AMD yard pun, the
broad Junp, end the Cosene test. In checking performencee of
strenuoue physionl exeroices and extornal fat on the body, nep=
ative correlations ranging fyrom «0,570 to «0,264 were found to
exist Letwoen these two. The correlations between distence
moming and external fat were greater (negetive) them for any
other test adnministered.®S

Likewice, Doohwaliter, testing boys in gpredes Tour to
oight, found thet ahape and sice seemed to iInfluence physieal
perfornance, os meamured by the Indimna ‘hysicael Fitness Test,
e conoluded that the very obese boys were the poorest perw
Pornoro.2C

Fireilis and Curctom selected three relatively fat
studente, of the endoemosomorvhie somatotype, fron the physiesl
ednontion elasses at the University of Illinols. Dody weight
and siw adipose memsuyenents were taken for the entire training
periost of B0 minutes for siz weeks, three times per week,
Btrenuous tresdmill yuming resulted in am apprecisble lose of

20 monas K. Cureton '*mg, dy "uild ag a Tranework of Refere
ence for mzm;i Mhygienl Fitnesk end Athletie Performence”,
ensemeh Cumet o Dupplenent w&. 12, 20370, Anericen
?“?h ieal ¥ don, and Meoreation:

Mm@ton, n. Cos May, 100,

i ﬁ:ﬁx W, Pookwalter nr;:& othore, "m mw.mmw of My
oe fheape te fhyelenl W Tan
vol, 83, 071070, Asericon Asepelatibn m- -
Tlueation, and Reereation: Washinston, T, Ca, fm.om, 1953.
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external fat, Adipose tissue, om the sbdomen and buttoeks, was
8 larpe hondiocad with negative correlations in the pe
running fron «0,737 to «0.508, 2As a result of this type of
ewercise, relatively more fat wes lost fyon the hipe, remr
thigh, and buttocks than from the cheelts, front thigh, md
abionen, 27

Cempney tested eme 28 yeor old male subjeet for elght
wecke in a moderete conditioning Progran one hour s day, five
timos & wook, with msuimming, ecalisthenies, and scuash, A five
woeks deconditioning program weg ineluded in vhish the indivie
dunl 4id nothing,  Adipose tissue was reduced during tyaining
end begen to neoumulate with detraining,20

Erdstufek, 20 yeors old, mdedwent a vigorous tyraining
propgran of five days a week, for seven weels, and ghowed signe
ifioant changes in pusele girth and body fat, !is welght losa
over this period of time wes five pounds., There weve losses in
61l of the fat messurements token with an average total decreape
of 22 ma, in 14 Plaves, The total fat was reduced from 1790 mm,

A a6 BRSO .18 e e e -

m'a. e Eivellis end Thomas X, Cureton, "The Relationshipe
at to mm. raueat on Activities and Pitness
o Ly vols 18, 123«120, Anerdcon
: ’ iw, and fone

Tl
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to 100 rm,20

The effecte of two varying plysieal eduecstion surmer
prograns an the adiposity of young boys wae studied by Mas.
Three dally 600 yard mme vore used and one stemina test
afieinistored each dny in ewimming, track and fleld, and
gymant le elasses, Frior to 1056, endurance training was not
6 part of the sunmer progran and upon inclusion of endurence
training, positive reductions in adiposiiy were noted. Indure
moe training had a tendency to reduce the fat on the parte
of the body that were exereised. Meduction wae noted at the
plutesl, fyont thigh, and rear thigh pointe of reasurement,”0

liowewer, o lock of duretion and intensity in emercising
may produge no apprecisble results 1% the reduction of fat,
HAophkine supervised o olx months eotivity propran of volleybell
and enllisthenlos for a solested group of men. One of the
eonplusions found that fat on the body renained precticelly
the same, the training having no effeect,.-!

Four middlow-szed men, vanging in age fyen 27 to 30
years, participated as experinental subjects for Herden. Thim

WM“ J‘ m’tum‘k . --"r ! "‘s B AL
40 g o 5, 5D 8 P it

ty 1!!6!’! m nlwﬂﬁ '%‘o

‘ﬁaom m, ihe & : ' '
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progran consisted of walking on the HealtheWalker up a 14
percent grade, 70 minutes Der day, five days a week, for elpht
sonsecutive weeks, A dally record was kept of the total yarde
walked during the 30 minute exercise Deriod and from this the
speed of walking wae ealculated. Adipose tiseue 41d not change
during the course of the experiment and the tyaeining Drogram
had no effeet on external fat, °

Excessive fat has generally been considered to be
undesirable for endurance type athletes, lelLester and Darby
believed that too much fat interfered materially with physionl
activity, reduced muscular effielency, and when found in
excessive amounts in the abdominal ecavity, interfered with
movements of the diaphrasm end shdomihal muscles,” Nopehouse
and Miller sugpested that as 1ittle fat as possidle was best
for the.distance rumer and hich Jumper. These athletes must
move their weight as economically as possible and sdded welpght
refuces strength and endurence. ™  After analyzing welght

2r, L, Herden, ]

e

Urbana, Illinois, 1954,
3BJames £, Melester end ¥illiam J. Dawby, "Obesity and

Leanness"” gpd Riet in mgm 6th Ed,,

Pe 33‘, W: mm%ommm Mlﬁln v 39520 e
341, T. Morehouse end A, T. ¥Mi)ler, “"Diet"

Wo Pe 288, C. V, loshy Company: St mio,“ﬂ'ﬁmur{,
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peins of trackmen and other athletes, Montoye, et al, found
the tracknen to pain rore than other athletes, lie suppested
that trackmen were lirhter in eollepe than other sthletes and
they were usually treined to o fMner edge than otheyr athletes,’D
dareton alse felt that athletes ahould be lean, Yo seld,
"Breryone knows from practics) experience that if a mean beconee
fat he becomes alow, lacks endurance and lage behind in
sompotition, "6

The forecoing related studies were siniler in pany weys
to the Dregent mroblem, Dxerelse of various hinds was shown to
produce wolght Toegs in athletes wnder the proper conditions,
Under other cliroumstances exercise slone seened to cavse no
signifieent loss of body fat, These.stulise did, however,
assiet in formidating the proeedures end plans for this
mmm and in wunderstanding more conpletely its results,
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CHAPTER TIX
PROCEDURES
Review of Measurement Technigue

Several indirect methods for measuring body fat have
been deseoribed by Brogek and Xeys., They ineluded measurement
of the thickness of the suboutaneous tiegue, estimation of the
total body fat from the speeific gravity, estimation of the
total body water, and the use of roentEZeENOLrams Or X=rays. 7
The skinfold teehnique was chosen bedause of the comparatively
smaller expense involved in purchase of the calipere and because
of the relatively simple and rapild manner that the inexperiemced
individual can learn to manipulate t,!;& instrument,

Pinehing the skinfold with the fingers, as an ald in
determining the nutritionsl status of the child, has been an
014 medleal teechnique used by physimiens. Riecher, in 1890, wes
given oredit as one of the first men to use calipers to measure
Skinfold thieknees.3® Skinfold colipers have improved

A s A e

o 33, Prosek ;na :f: reys, "Fvaluation of Leanness~Fatness
B0, B otmomeniin: muboni SP-AoT VAR S, S04

vol, 20, 248, Commonwealth Bu::-am o ion W’

!:w, Institute: Bucksburn, Aberdeenshire, Baoﬂma. Cetober,

e, W, Thompson, E. R. Puskirk, snd R, F, Goldman,
"Chenges in Body Fet, Zstimated from Skinfold Neasurements of
College Basketball and Hockey Flayers During a Season”, Ihe
Repen mwl. 27, 410, American Associmtion for
lealth, Fhyelo cation, and Reereation: Vaghington, D. C.,
December, 1086, ol
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eonsiderably in both accuracy and reliability in recent times.
Frangen, vhope calipore were used by FeCloy in establishing
noran, made o detalled study of 7500 publie school ehildren
in 1627 and 19208, He found that two of the three neasurements
of subcutaneoue tiseue showed objectivities of 0,094,770

Garne meapured the fat of the lower rib at the nide
axillary line on €% young men, 21 to 22 years o0ld, ¥is resulte
revealed a rellability of 0,60 between the calipers and the
xeray technioue,’O

Thompeon, in his study of foothall players and the
effeets of eonditioning on body fat, found high correlatione
between sites as follows: abdomen end chest r=0,083 ebdomen
end arm r=0,79; and chest amd arm r9.08.%' simtlariy, o
study of basketball and hockey athletes dlsclosed intere
correlations between skinfolde ranging from 0.70 to 0,95,%2

= S
*raymond Pranzen, "in Analytie Account of lusele Size

oy et B ot

ney'ioan cmm Health Aspsoelation, J. <. lLittle
Iives Gonm: mm York, 1029,

80y, ¥, Garms, "Comperisen of Pineh , Caliper md Yoy
Fepsurenents of “kin Flue Cubcutaneous Fat” vole 128,
170179, Amerionn chtmizm for the Advancenent of Selemeat
Vashington, D, €., July 27, 195C.

8o, W, Thompaon, "Changee in Sody Tat, Istimated from
Ekinfola mmta of vmuy Gouc@t pothall Flayers
vol, "0, 00, Arericen

':ngnnoa for T Ve on, ond Feereation:

ashington, b, L+ ?W, 1950,
A2 mompeon, Puekiri, and Goldpen, gD. gib.s P 420,
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A pomprehendive study by Orover on 10 etudenta, uweling
#ix measuresents Doy otudent on the cheeks, abdomen, hips,
gluteale, rear thirh and front thigh, showed relishilities
of 0,90, 1l meppuremente were nade three times to insure
peoursoy .2
Josef Drosel andl Ancel Mevs, nutritioniste of internas
tional note, have acconplished a larpge smoumt of research on
the body fat content of man. In writing of the seocursey of
pinfold measurements, they etated:
The validity of the shinfold values ap nensures of subouts
mm poene 0 be satisfactory. There ie generel
that the thickness of the pkin proper varies
1ittle m that the 4ifferences in the thisimess of shine
folde ere mronﬁe to the &iffering thicknenss of the sube
cutaneocus ayer.
The thiokneass of the mem moy be deteymined
vith esse Ly ekinfold ealipera in a lorge muwbor of sitee.
Under conditions of nomal hydration, the peinoipal source
of eyror of rpeasurenment of subentaneous fat, outalde of

positioning and 1ifting of hz skin, is veriation in the
thicknoss of the okin proper.”S

In one suxwey, measuring a representative sample of 1737
collese men, mean age--00,7 yvears, “rogek and Heys found
sorrelations ranging from 0,752 to 0,070 for the five points

“Bmm end Teys, 9D« ShLes Do 254,
“54\. Keys and J. Srosel, “m rat in Adult Mem",

Fhysiolocics vol, 3%, 249, The Amwiem Phystologienl
foole yl Jant s De Cuy a‘liYu 1953&



moasured; tho sbiomen, dhest, baek, evm, ad thigh, 36 Purthere
more, the soofflcient of multiple corpelation between opecifie
grevity end olinfolds wap 0,071 mesmmwed at three Dointg of
the body surace, 7

HMroe of Honsoronent

Thope alDosrt to be penoral wniforeity smong emperte
ae 10 the giton on the Ledy to be pelected fop neamuperent
The Intopdepertnontal Compmitios om "utedtion for Natlions?
Dofenoe ligtod the Tolloulng:

evior ridpoint botuesn the $ip
tip of the cleopemon with the

T

at the lewvel of tho mizhold £ tho mdnrillery Line,
Hednoint mmm::rmwmmmm

S Mdvetoh
(" mmmmmmm«nawmelmwm.
Tt ,3&mmw ony clonivioy tioome. sk

Ao a1 0yt ool

:_1 A mm midanillory

D) On the embtenplion of ma midelovionlor 1ine 0
hanDoon uoo! those three altes in both of Nie shtudlies

showing the change of hody fot entimated from chiinfeld

meic ond Keye, Qe Qdles D 205

« Twopel and A, « "Body Mulld and Body Composttien”,
m m‘ 10 mmaa, Mm Asppocintion for the afvenoos
¢ Vaghineton, De Ces Huget 8, 1952,

A0 Interdepertnental Committes on Rytotiion. M Sebdonmd
m, "Clindeal Approionl of Tmtriture®, Louusl

| : W De 10, s B, Govormment I
, ,va'x,,,., ae s 087, >




BosoUTonent s
Chegtwebout 5 an m the on a 1%
) Shoete Set petat of D il e
ma porallel to thig 15.m).

T armmelver the mm& tﬂwpa hetvomnm the
seronen ond aoronial | f poswllel to

(b)

W§M¢Mt!ixa t of the bl

Tireilis pottarensd Min choloe of meosurenmmt 8ites aftew
those solected by Tpover vhioh woret

theeks. panent une pade on the right cheek, level
um;mmw aft’tmm. at the sembter of the

-

of the newal,

Hipe. Voasureorent wat node on the richt hip st & polint
iseated at the center of the tal Plane of the body,
mmmwmmemm Lleun O hip bonos

Flutenl, lonsurerent wps node on the left buttoocks, level
ené a 1ittle to the left of the glutesl Pold,

Pesy ™hirh, Doasurerent use nade at the center of the
roay thirh halfusny bLetwoan the mee and oleft of the
luton) with the oot rdlamed and of'f the ground,
mem@** 'mimmgmfm ”gh‘me%
uean

mm:«mmmmmww

Thyee of the four nites dhooen for this study vero
f8ontical with those uoed by “hompeon, while one (the cheok)

wne deseribed by (rover, The sites -solected for thie

5

W' ﬂ- SaLes D 28
POovover, log. git.



inventiontion vore:

Ay Chooteetibout Sems from the »ight nipple on & 1ine toward
the womerwost point of the exillary f01d (@rinfold pavellel
to thin 1ine).

entt wos onde on the yight choelr; level with
mmm«tmw, at the center of the cheel,
i puinately © onme 0 the wight of the wmbilicus
{akinfold ordented leterally).
olecranon ond aeronial rwocceses (akinfold parollel to the
long axie of the mm).

tse of Colipere

l.g

The calipere selected for this study, nemifasty
the 10feledies) Rutrition Laborstory, Denver, Colorads, exerted
# preseuve of at least 10 pm./end, se the nessured siinfold
iokmens wae blehly dependent on ealiper pressure until at
mwm;/m.ﬂmm. In meling the measuremente the
Hcinfold wae 1ifted by the thud and index finger end held
about Tet.S ome mwey from the fingors. Standard pressure was
expooded at firvet to reduce onrly changes reculting frem tedy
fuid shiftas. The spen of the prasp wes dependent on the
thicimess of the skinfold, The slme of the f82d should be
nough to include two thicknessen of* akin end suboutemesus




fat, but mot mupele or fameie,St
“net Adninistration

oo shinfold was nesgured three times, The veported
rosults wore recorded in centimeters and were the mesn of the
three moapurenate. “hese constituted the row scores for thie
study,

Sody welpht was pocorded In pounds on a U, 6, Physiean's
Afemostic sealo, namfestured by Jacths Protheve Corpeny, Yew
York, ew Vord,

The slire of the original sandle of T men tosted was
rofuced to 27 track and fleld athletes at the end of the teotw
wwmmmwmbmrmgmcmﬂwmx,
infuries, inelisibilities, end other attritional fectors. The
athleten vere tentod five times, the first exacinstion on
Jenvary 15, 1950 and the fifth on Say 15, 1952, Tests were
Snintistered on the Cifteenth day of every month or approxinate’
ery 0 anyes of training,

Teaining Conditions

Neoause of & lack of o indooy yuning trachk of any
nature, the athletes' conditioning furing the winter momthe
wae 1imited laresely to viporoue ectivities inelde the ryrmasiw

iy

5'5% ond Prosek, QR Slles DDs AB.0b0,

o
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md to ruming outdoors vhen the westhey permitted, However,
infdooy cormpetition wes engnged in with the firet meet held
Jarmuery 31, 1990, From approximetely Apedl 1, 19859, to the
andl of the scason, Jume 13, 1950, the athletes trained oute

3
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Figure 1. Calipers Used: MNL-Medical Skinfold Calipers




Figure
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Site A:

Measuring %kinfold of

™

the Chest
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Flgure

3.

Slte B:

T

Measuring Skinfold of the Cheek

27
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Figure 4. Site C: lMeasuring Skinféld of the Abdomen
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Figure 5. ©Site D: Measuring Skinfold of the Arm



CHAPTIR IV
TREATMENT AND ANALYE2IS OF DATA
Processing Date

"he baslie purpose of this study was to deteroine the
thanges in body fat as conputed from ekinfold measurenments of
track and flold athletes during a secason of competition and
training, Oain or loss of welcht was sleo noted.

The raw scores vere treated statistlienlly by somputing
the mesns, the 4ifferences between the nmeans, the standard
erpors of the Aifferences and the eriticsl ratios, The experw
rental desimn enployed in this investigation wae the single
proud method end, bessuse the nunber in thip case was relatively
emnll (23), the "Aifference method” as deseribed by Carpett
wae applied in Jdetermining the significence of the difference
between the two meens.52 These were correlated means inasmueh
an the same tent wae adninistered to the eame group on five
aifferent oconsions, The twoetalled test of eipnificencs
wae veed ap 1t appeared reasonably probable that there mipht
e elther ¢ galn or loss of subcvianeous body fat, mnd there
eould be s flustuation either wey in welpght, As 22 depreen of

S2uenyy Y. Corrett, "The a,sz.@xznmm of the mﬁm
Hetveen Vemns end Cther Statietics , 1o Psyeholo
; ' i, 5%’5@?&&;' Wi M' : : it § Lk * 2o

i

i
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freedom (T=1) vemalned eonstemt throughout the study, 4 valuee
of 2,07 end 2,92 were necespayy for sigmificance st the five
pereent and the ome percent level of sonfidemoce, respectively.BD

inslysis of Pesults

In reference to Table I the differenmce between means,
gtandard eyror of the difference and eritical ratios, computed
from the initial end second skinfold peasurements nay be soen,
TANLE I, DIFFIRINCE BETVERH MTANG, STANDARD INROR OF THER

DIFFERENCT AND CRITICAL RATIOP COMPUTED TROM THE o
INITIAL AND SFOOND SEINFOLD MEBASUREMENTS

ol nitisd | -

Chest . 9 «05 1,017 2,08
Cheot: 6T +59 ~-00 o022 5,63
Abdonen 66 57 “00 L0290 310
Are: 56 A7 «09 020 4,50
Wetght 163,26 162,71 95 2T %A

™e oull hypotheeis was rejeocted at the one percent
level of confidence for all skinfold sites end the welght loes
which ocourved betwoen tho initial end second tests, The L
volues of all the Aifferencen excoeded 2,02, thus the lopses
vore sisnificant,

L

Sl1vid., pe MO,



The difference between neans, ctandard error of the
difference ond oriticsl watios of the fivet and third sitine
fold teste ere shown in Tedle IT,

mm: H* DIPPFETINCE PETVEDN MEANS, OTANDARD ERROR OF THD

TRENCE AND CRITICAL RATIOS COMPUTED PROM THE
INTTIAL AND THIRD SKINFOLD MEASUREMINTS

Chant « A + 20 =00 020 .00
Cheel: Nag +55 - 18 018 6466
#hftaran + 66 50 -y 08 029 2.T5
e +56 A5 - 11 L20 .00
Veleht 163,26 163,69 A3 601 T2

s

mmllwm&nmwwnmwm
level of confidemos for skinfold losses of the ohest, cheek,
and srv. The § valuee of thase three skinfold measurements
differences wvere larpger than 2,02, There was no aisnificant
woleght chonpe between the initinl and thind teets as the §
value of the nesn Aifference (,72) 4id not represent simmifi.
eanoe. A nonn difference of abdon tissue loss of 08 oo,
wop pimnmificent ot the five peroent lovel as the § wvaluve of
275 exoseded 2,07, Nouwewer, thie loss could not be recognised
as roal at the one poveemt level of confldonte.

"he Aifferemoe hetween the reens, steidend error of the
differemce and oritionl ratlos of the first and fourth skinfeld

-
B, =




teats are 1lipted in Teble 111,

TABLE 111, DIFFERENOR DETWEEN MPANES, STANDARD ERROR OF THE
DIFPERENCE AND CRITICAL RMATIOE COMPUTID FPRON THE
TRITIAL AND FOURTH SEINFOLD HEASUREMENTS

M - ?#‘ ﬂ% -im cﬁ "E' '.'i'u'

Cheel T NG -y 18 JO21 £.09
Abdomen 66 51 N L »O0 4,10
fd 50 41 - 15 O Ta1b
Veleht 163.26 162,30 w87 A7 1.02

411 L values of the shinfold mean differences for the
four meammenonta were sbove 2,07, Consequonily, the null
hrpothesie wae refuted at the one Dercent lovel of sonfidence,
There woas ne trud weleht chamge a8 the mean difference, .07,
wos no! sigmiflcont et the five Deremmt lowvel of confidence.

Table IV pefers to the 4ifferonce Letween the meane,
stendend cyror of the difference and erltical yetlos of the
inttial ond £ACh shinfeld tesis.

e
I%s



TARLY IV, DIPFFEREBCE RETYEERN MEANS, STANDARD ERROR OF THE
DIFFERENCE ABR CRITICAL RATICS CONFUTRED PROV T™HE :
INTTIAL AMD PIFTE SRINFOLD MEASUREMENTS :

Chont L] -"‘ f?: - lm iﬂ'ﬂ E.Eﬁ

choek «6T .50 =15 i gl €.52
Abdoman «66 49 - 17 LO37T 5,50
ATT o0 =0 -, 17 R re T.00
Weleht 16,26 160,60 2,57 40T 677

As Table IV yefers to the lavgest span of time,; flve
wmonthe, betveen seasurenents it was probable thet if any
significont loos would oceur thyough track trpining it would
be soen in thic intervel, “he null hypothesis wes Msearded
a8 all five losoes were signifieant at the one peveent level
of eonfidenco. ’

The difference botweon meens, otenderd error of the
difference end criticnl eatios cormputed from the seoond end
thind ekinfold meapurenenta cre thowm ln Table V.



TARLE Ve DIFFENENCE DETYEEN MEANC, STANDARD ERROR OF THE
DIFFERCNCE AND ORITICAL RATIOE CONPUTED FROE THE '
SECOED AND THIRD SKINVOLD MEADUREMENTES

Chent « 290 « 20 -0y L0 1.00

thoek «59 «50 -y O 018 2.22
"boren ST .50 o 018 «55
Ay A7 A5 =08 028 .98
“olpht 162,51 163,60 1.30 SOT  2,A7

There 1 o marked deperture in Table V from the results
of the tests illuptrated in the previous tahles, The chest,
ebdonen, md aym had no significont change in Measurement.
The L value for the mesn difference of the cheelt, 2.20, wan
above 2,07 ond simificant at the five pereent level, but
not true at the one Peroent level of confidence. A mesn
wokeht cadn of 1.0 pounde woe simmificant at the five Dere
emt level, as the § value of the difforence was 2,47, bub
not high enouch to do sigmificant at the one Dereent lovel
of eonfidence.

Table VI refers to the differonce betuween means,
stonderd error of the difference and eritienl retios computed
fron the seeond end fourth meammrenents.

b
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TABLE V1, DIFFERENCE BETWEEN MEANS,
DIFFERENCE AND CRITICAL RATIOS COMPUTE

Cheet « 20 lH -, 0% Im 3*6‘

Chealk 50 A% -y 10 «M8 558
#bdonen 5T «51 = 0f 020 300
Arm &7 o2 -,0f «020 .00
weleht 1623 162,30 «08 « 736 10

The null hypothesls was denled es the L values of the
mean differences of the chest, cheelt, m.mmm
ments were all significant st the one pereent Tevel of
eonfidence, An actusl mean body welpght gain of ,08 pounde
was not stétictionlly eignificant as the § velue of the
differense, .'0; was below 2,07,

The Alfference betweon neons, standard error of the
difference end oritieal ratics computed from the second and
£Lifth ponth skinfold nossurenente ave veferped to in Tsble VI,



TABLE VII, DIPFERENCE DETWEEN MEANS, STANDARD ERROR OF THE
DIFFERENGE AND CRITICAL RATIOS OOMPUTED FROM THE
SECOND AND PIFTR SKINPOLD MEASUREMENTS

Chent «29 25 - 0h +010 .00
Thook «50 52 -y 0T L8 %00
AvAoman 5T A -0 019 A,01
Arm A7 30 - 00 026 3.07

Welpht 162 160,60 i, 62 «T2A 2,23

The mull hypothesis wor discarded for all shinfold
measurenents ag the § values of the mean differences all
axeeclsd 2,62, A L value of 2,23, for nemn xeo;g of welpht,
wae significoant ot the flve pereent level, but Mot at the
one Dercent Zevel of confidence.

Table VIIT fllustratesn the difference bDetweon neane,
standard error of the &ifference and eritiecsl retio computed
fron the thim and fourth siinfold measurenentas,
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TABLT VIII. DIFFERTNCE BETWEEN MEANS, BTANDARD WREOR OF THE
DIFFERENCE AND CRITICAL RATIO COMPUTED FROM THE

THIRD AND FOURTH SKINPOLD MEASUREMENTS

(Mgmiiy)
Cheet 28 26 ~s02 «009 2,22
Cheelt 55 +40 06 013 h,69
Abdoren «58 51 =07 O17 A1t
tym L] it -0l 012 5.39
Welght 163,67 162, 39 «t, %0 . 608 2o 1A

The akinfold fat losses of the cheek, abdomen, and arm
were all statistleally eipnificant as the § values of the three
messurenents, 4,61, 4,11, and 3,737, :ﬁrpuunly. 8ll exceeded
2.81, loss of weight and subeutaneous chest fat vere sipnificant
at the five percent leve) as the § values of the mean Alffere
ences, 2.14 and 2,22, vespectively, were sbove 2,07 These
losses were not tyue at the one percent level of confidence.

Table IX lists the difference between meens, atmﬂ&a
error of the difference and oritiecal ratios of the third and
fAfth month of skinfold measurcments.

»>



TABLE IX., DIFFERENCE BETWEEN MEANS, STANDARD ENROR OF THE
DIFFERENCE AND CRITICAL RATIOS CONPUTED FROM THE
THIRD AND PIFTE SKINFOLD EEABUREMENTS

*z‘hf;'a h ( %:.1 j

. S P ————
Cheet =20 «25 0% O 2. T2
Theek +55 52 0% 018 2,00
Andomen «58 20 -y 00 «D24 TS
Are A5 30 - 06 012 500

Welght 163,69 160,60  =3,00 +T51¢ %09

There was o simificant lose of welght ond adipose
tissue of the abdomen and the arm, 'ifhe&msof all three
mean Aifferences were sbove 2,02 mﬁtm significant at the
one pereent level of confldence, The mull hypothesle was
rejected at the five peycent lovel and sccepted at the one
pereent level of confidence for the subcutaneous tissue of
the chest and cheelt, 7he § values of the mean differences
were larger than 2,07, but gmaller than 2,02,

The difference between means, standard error of the
di1fference end eriticsl ratios computed from the fourth and
last shkinfold measuremente are refoerred 10 in Table ¥,

g



TABLY ¥ DIFFERENCT RETWEEN MEANS, STANDARD ERROR OF THE
DIFFERENCE AND CRITICAL RATIOS COMPUTED FROM THE
FOURTH AND FIPTH SKINFOLD MEASUREMENTS

Pouth _ﬂ&&v (i?fr;)
Cheat 06 .28 -\01 007 1,2
Chealt Y .52 0% O 2,42
sbdomen 51 A0 -'02 012 1,66
sy oAt . -.02 000 2,22
veleht, 162,50 160,60  =1.70 5020 3.9

The lose of welpht experienced by the trackmen was

sirnifioont at the one percent level of eonfidence as the L
velue of the mean Aiffeyence wes .21, The skinfold loes of
suboutaneous tissue of the arm was sagniﬂm at the five
pereent level of confidence btut not at the one Percent level,
a8 the § value of the mean difference, 2,22, was larger than
2,07 tut emaller then 2,82, The null hypotheeis use socepted
for both the mean differenceg of the chost and addomen PessuTes
mente., 4 polin of .03 en. of the mean of the cheek measurement
was signifieant st the five peroent level, but not true at the
one percont level of confidence.

Syrmery end Intewpretelion

In sunsericing the results of the Ciret testing perlod,
Jamuary 15 to Februayy 17, adipose tissue losses at all skine
£014 siten were sipnificent at the ong~percent level of
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eonfldence. There was also n significent loes of body weight
at the ome pDereont level of confidence.

"he seoond month of conditionins and training, February
15 to Mareh 15, resulted in 2 loes of fat tissue on the arm,
sienifieant nt the one percent level, 4 mean welrht gain of
1,30 pounds proved to be eignificant at the five pereent level
of eonfidence. Chest, abdomen, end arm skinfold messurenents
revenled no change of atatisticel eirmificence. In contrast
to the second month's training, the interval from Janmuvary 15
to Hareh 15, resulied in the athletes losing subcutaneous tissue
at the t(wrmlmtod gltes., There wae cleso a recorded loss of
body welght., Doth of these losees were sigmificant at the one
percent level of eonfidenec, 3

"he treining and conditioning of the trackmen from Nareh
15 to Aprll 15, profduced sitinfold lospes of the cheek, abdsmen,
end eve algnificant at the one pereent level of confidence.
“olght lose was eignificant el the five percent level, February
to April eonditioning repulted in skinfold losces at the four
sites tested, significant at the one percent level of confidence,
in actual body welpht pain of .02 pounds was not larpe enough
to be signifioant at the five rereent lavel,

"he fingl training period wae.from April 15 te May 15.
The abdominal shinfold loss wee significant et the five percent
level, but not at the one pereent level. Velisht lose attained
eignmificance nt the one poreent level of confidence. Chest and
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arm neasurenents did not sufficiently chenge to be sirnificant
et the five percent level, 7The galn in cheek tiseue was
slgnificant st the five, tut not at thie ome Percent lewel,

The interwvel from Jamuary to May profuced pirmifiesnt loss of
welght end significent skinfold losses at four sites, Trom
Pebruary to May, only the welght loss falled to attsin 8ipnifie
sanoe at the ome boremnt level, It appears that track training
wae responsidble for & sienifioant loss of weleht at the one
percent level frem Mareh wntll Mey. . Arm end abdominal skinfola
losases were significant at the five pergent level of eonfidence,
Changes in cheol messurements for thie period of time fedled

to reach the wecuired levels of -wz.?iam.

=2
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CHAPTER ¥

TMPLYOATIONS AND RTOOMME

TDAT TONS

“he besie purdose of thie study wes to deternmine the
ehanges in boly fat an computed from ekinfold messurements of
trackt and fleld athletes Guring a cesson of competition and
training. Oaln or lose of welght wes also reecorded.

Within the limitetions of this study, the data supports
the comelusion that track mnd fleld conpetition and conditione
ing were responsible for a significent loss of suboutaneous
fat and body wolshts "his econclusion applies to the time
elapsed from Jenuary $o0 lap, the conplete length of the study.
fhorter periods of training elso prodused sismificent skinfold
and welirht lose., In one inetance there wae a pain of body
welght eimificant at the five pereent level of oconfidence.
Thie pein, between Tebruary end Yaweh, might be partislly
explained by the lagk of strenuous getivity durlng this peried,
in that 1imdited indooy vempetition may have been detrinental
to motivetion., "he avthor has ne explenation for the gain of
sheek tissve fyom April to May.

he following resommendsnt ions axe made for shinfold
measurenents and akinfold testing in future research of this
nature!

A hat elinfold eslipers e designed and modified 8o
that results from all exlliders will be more uniform.

-



"e Thet nationsl norms be establlished for heipht,
welcht, and are rroups,

Ca That further gtudy be made on the velidity of the
sinfold tectmiocve af a method for detowsinine Lody fat,

Fe That studies be extendsd for lonper periode of time
and that larger sanmples be employed,

T That the effecte of training and competition, eon
changzes in subsutaneous fat and pain or lose of body welpght,
be extendel to conpare disismpe Mmmers o sprinters, welght
pen Lo Jumpers, or other corbinetions.

Fo That siinfoll measurenents be rede on subjects
participeting in other physienl efuemtion mnd athletic
netivitiee, i

of

»f"
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APPENDIX A

Feaw Tmta for Initia)l MYessurement
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APPRUDIY A

Tmm Dats for loeond Veasurerment
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APPENDIX C

Aaw Data for Third Measurement

Subject Yo, Chest Cheek Abdomen Arm Welpht
1. 25 A5 « 50 40 157
24 35 50 «S0 35 156
i. «25 A0 A0 39 143

[ ] ij!’ 065 '5’5 Q6° 1&
Be «30 5% 68 «65 T
6. «25 ) +40 35 142
Te 25 «65 «TO 55 159
8. «28 A2 .4;“:.’ o 5 150
9 «25 55 .60 « 50 167
10. X «TO +«80 <40 202
11, 5 .70 .68 + 80 207
'2. cm 068 ¢52 .A“O '5"
5 «30 .60 A2 « 30 !21
‘40 .20 460 .ha '35 ‘ 2
15 37 +50 «T7 50 138
16. «20 A8 <D0 %0 148
17 «25 AT 1.17 280 206
‘81 '30 Q?? Cﬁ -65 1%
‘90 Q.'-n 060 « 0#7 "h'a'
20, +50 TS « 97 95 202
2’9 .20 .3-1' 4&0 .,w 1%
22 o5 63 40 35 163

ﬂi . QE o50 -.55 .30 133
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New Data for Fourth Memsurement

Chest

AFPENDIX D
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APFENDIX E

Taw Date for Fourth Heasurement
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