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CHAPTER X
INTRODUCTION

The averags luynan Lelieves shat beaing in "goed
shape” implies the ability to olimb a flight of stairs
vithout breathing hard, er the ability to play nime heles
of lf vithout stopping to rest fer a few mimutes,
Teahniocally, the tevm "fitness® indieates & relatiocuship
betusen the eapadility cf she individual te performs all
the tasle of a narmal day Plus any smergoney which may
ocour during the dny.l

For many yearé researchere have speat a ecuside
erable amount af time searching for a single test tlad
would best measure physieal Litnass, As early es 1884,
an Italian physiclogist Ly the name of Nossogs inveuted
the exyograph and helped establiah the relatiomshlp between
phys10al cenditinn and musoular estivity. losset's nhypothe~
818 wes that the ability of & msele 0 perfora wan depone
Aent upon She efflolensy of the oirouluSory systemsS
Pallowing Hoaso?'s work, a numbder of experimentere have

lhnunoo B Honhma and augustus Te biller,
aralse (Saint Louls: e Ue Ve Hoady




worked to show certain cardiovascular factors to be related
to good rhyelcal condition,

Basically, there have heen two main anrroaches 80O
ascertain ntyeical performances (1) physical fitnsss tents
wihdols iuvolve acotuel perfomernioce scordng ¢f an activity or
motor skill, and (2) studlies of cardiovascular function at
rest and/or during emeroise,

The 80-c&lled fitnens testa, including evaluation
of flexibility, skill, atrensth, etes ere not considered
suitable for an analysis of baesic physiolo;;lcel functiona,
e testas are eften related 0 special oymnastiec or athe
letsic performance. tHesults of ths test may be :reatly
influenced throupgh prastice and traluing in the perfore
mance, ‘his polnt can de fllustrated Ly examinaticn of the
Frauseiieber tent, amsrioan #irls and btoys were definitely
inferior to ¥uropaan chilx!mn.:, Houwever, the Kuropean
¢hildron lwd a dlatinet advanteae dbecausns the aotivities
lucluded in the tent were typical and in comon use in
Furopean phye lcal education classes. e anmerican onlldren
might have been suporior to the kuropean clilldren, hed
testing preasdure inclulded mctivities pomilar in the nited
Atatea,

Per=0Olof istrand stated that from a pedogogic and
peyohialogloal viewpelint, uidezpread use of such test

Jfans Kreus and Ruth lireghland, “inimm Kuseular
Fitneas Tests in School Childrmen," HReseaych
(May, 1954) pp. 178-188,




batterien in rhyslonl education can be Justified, but fron
@ nhysiologloal and rwdical viewpoint, any test buttery fopr
the evaluation of physical fitneas 1s rather mesningloss
unlesn it is Vased on sound vhysiclopieoal comweratiam-h
Jtudles of a cardiovascular ature ,;ive a better
representation of miysioclogical fitness. In Aifferent
terrs, uilc means the avillity of flw circulatery and rese
nliratory synten to adjust to and recover from the effects
of exexoise or wori, Cardiovascular and respiretory
functions arse uixpmes ticnadbly two of the key components of
mhysicel fltusns. 1O somes vhysical ocducators, these
functionns are the single o=t 1ndicative measuros of a

poroonts nphysioasl oonditicn.s

I. IPORTNCE OF THE JTUDE

The wmost acourate measure aof cardiovascular rite
nsss 18 conalderod to be naximgl oxysen uptake, which msasures
the amount of oxygen ovesumed per kilesyram of vody wel it
neyr ninute of exercise, iIn order to measure maxiraul oxygen
untal®, lerize musale groups of the body must Le actively
onghied, whiah will load the resviratory and oiroulatory
func tions to a aaxirzm,

h‘Pvr-OIor astrand and Eaare fodahl, b of

W (New York: DloGraw-iill book Company,
2 De .




In laboratory experimmnts three metliods of producing
standard wWork loads lLave bsen penerally applied: (1) worke
ing on a bioycle er;pmoter, (2} running on & treadnill, and
{3) using a step test, Tho great capaeity for work and the
bdgh degree of acouracy reprofiuced in the more exasting
bicyele eriomoter and tresdmill tests, wmukes their uvee in
this study prefersble to thad of the step tesls The teabe
ing procedure varies, however, from one laboratory to
anvther, and the gquestion still remsins, whether the three
procedures ive simllar rosults,

Il. MACGRIPPION OF RICYCLS £/WHnTuR
AND THRATMILL THATS

T.e blcycle ergomuter and tie treadmill are very
sirdlar in that they ara ocapable of producing tie uecessary
load for aecurate cardiovasculer testing. However, tlie
structure and mecranics of the two tensts are very Alfferent,

Lhen riding on the biejycle erjometer in the sitting
rosition, tlie subjooct mounts the ergometer by sltting; on
the 3zsat provided hin, Mis position should be almoet
verticuel over the nedals. e seat slould be ki;h enesugh
so that tle leg is almost completely stretol:ad when the
pedal is in $ts lowest position, The sudbject's Lands are
gripned to the handle bars, rendering the arus {ree of
exerclse. In ti:l1s poaition tlhie subjeet is actually =zit-
ting on the bicycle erzuvmeter and heuve the nNare wel;lite

asupnorted excrclae,



In contranst, when runulng on the treadmill, the
subject!s Lody ansuaes a diffsrcnt pousition. ile aotuslly
csuprorts all of his body woi;ht wile @unning on ids legs.
His arms are also exercised by tle pumping motion coordinated
with his legs., FOr thens roasons we aan see that the tresds
nuill fa a non weightesupported exercise. It is the welighte
supported exereise verses ilo non velghtesupported exaroise

tlhat i8 tiwe comnoern of this papers
III. 37aTHLUST OF TE PRUBLMM

in this investigation, tlie primery problem was to
sompure gortaln cardiovascular nararetere during sub naxfcel
and maxizal woijhit-supported and non welght-supported tests
on moderetecly obose subjsotse

IV, LIMITATIONS OF THE 2T0DY

Tihe study wes limited Lo fourteen noderantely obese
male collays students. Oxygen uptalza, pulmorary ventila-
sion, heart rutes, body weliygit, and thi:d: ¢Arth were tle
only naramslers cunaidered in this study,

Vo DEFIRITIVH OF TERN3

Aarcbie: Aeraodio is tihe nmetabolis process timt
supplies the enerpy needed for rivscle contrection which

taliea place in the preasollve of oxIgZele



Cardiovascular ieasurgnents: Cardiovascular

msasuremente are thoese tests uliich moasure the physiolo d-
cal charactsriatios necessary for the lheaithy or normal
function of an organisrz, In this study, pulmonary ventie
lation, oxyyen uptake, and heart ratos were the cardio-
vascular rneasursuents gonsidered.

Bleectrocardio;:ravh: The slectrocardiograph 18 an
instrunent for recording th:e eolectrical potential produced
by the heart muscle. In this study, the ECO was uered to
obtain lieart rates during exeroise,

Haximal Oxvgen Uptake: Maxlmal oxygen uptake is
the arouny of oxygen which & parson consumes when oxygen
inteke per unit of time has attained its maxirmm and rouains
con8 tanks o o v 0irgulatory end reospiratory systemd beling the
liniting feotors,

Hoderately Obese: ™o subjocts for this partisular
study have been temad as modorately obese, bamed on a range
of body fat fram about 15 per cent to 25 per cent. iths wean
of fourteen sub eats was 20.6% body fat.

hon liel ght=3u tod ¥ iset Tie non weighte
supported exerolse requires the subieot to sudport his cwn
body uciihs on his legs while exercising. In this study,
tle subjects exercised carrylng their own body weijht by
running on & troeadmill.

Physical work Capacity: The physical work capacity
(PWC) may be delfined as the maxirum level of metabolism



{(work) of uwhich an individual is cupable, Fhysical wonk
capecity is rsasured objsctively by Lsart rates as the
reavlt of exercise. (‘;”wclso) 1s used in ti.ls study when
the heurt rate raises to 150 beats per winute during a sube
naximul exercise load, (?ﬁ(}m} i3 used in this study when
the Leart rate raisss to the neximxun during 8 naxingl oxerw
cise lcad,

3 Yentiluationt Pulmonary ventilation refers
to the reriodic ronewsal of the air in tihe lung alvecli and
is the amount of alr exvdired per unlt of tinme.

Steady Ztates The stenrdy stute is the condltion

1n which oxygen intakte is adoquete tc mect exygen reqQuire-
nents, so tlut no further accumnlstion of luctic acid and
oxyien debt takos place.

Ielemetry: Telometry refers to an alectronic appa=
ratus for treramitting the elsctric current prodused by
tlie action of the heart puscle, to an electrocardlograp.

The welght=supnorted

exarcize 13 one in which the subject does nut cerry his own
vwel;ht while exercilaing, For this study, the apparetus
used to carry tre body weight of the sublect widle he

exarcised was the biecvele erpometer,



Vie 3WMBLARY

The astudy compured oxygen consumntion, pulmonary
ventilation, and Iwart rates during axercice aund in e~
cuvery from a avbmexinael end sarisr) wel:ht-supportsd and

non wel ht=supportsed excrelise,



GHAPILzsH 11
REVIEY OQF THE LITWRATUDH

The literature reveals studies tlhat cumpare eardioe
vascular values obtained during a bioyele erjomater Lost
und & trsadmill test, Jome authors heve directed their
study towsrd a coaparieon of oycling with o lo.s o
winnlng uphill, whiile other fuvestigators ocumpared oycling
to orenking with ares on the blajyole erxometers. oy this
reason the literature was studied in tlgee parte:

(1) bieycle ersumeter %eat versus treadnill test; (2) bie
cyecle ervometer cyoling versue erankingi and (3) bicyels
ersuneter t;ycnng varaus trea’mill uphill, Jene studiles
nlaced in one categopy could be placed in anvther cateyory
begcause of the vorastility of uhe study,

I, HBICYCLRE RRGOHET® a7 ViRIUS ThuaADHILL Toat

e human adaptabllity project of the Iuternational

Blologlieal Programme has a specifis proposal to standardize
methicds of predicting the asrobic work capaoity.l Tiero

:’J. Jedner; "International Biolo;ical Progreznes
Guide to the Mvman adaptability Proposals,” I. C. 3. U,
dpacial Commities for the lanternational Blolosgical

Progrenns, 1965,
9



10

has been a furtlwr proposal that ergomesry should be
metricted to gertain well delfined types of grank and

podal operated bicyole ergowneters.o

Since thweae DropoOsals,
tisre hes deen surprisiagly little data ot whiclh to decide
betvweon, the Sreadnill or the bieycle erivmoter, as the
beet method for tlie assessitent of sardiovaacular fitneass,
Askmnd3 stateds "0 aritical quesntion is uhether or
not tie different types of wrk nentioned above give thwe
s RAaxiral oxyzen uptalke.”

Aastreand and :‘ultint“ compared aximaal work of varie
ouvs types, all of whigh engaged large musols ¢roups, The
lovestigatore fount 1ittle differencs betwoen the maximal
oxXyzen uDtake obtalned during bieyaling with tie lem
oaly {mean of ;.23 1iters per winute) or wit): arm and les
sirultaneously (mean of 4.2l litere per minuee) or wen
sikiing (mean of lL.hb)e lowever, when comparing ruaning
on a treadmil), inclination of 7,93, @ wean of }4.65
litern per minute was Obtained as oonpared to a moan of

liels7 1iteres per minute using the lezs $n a sitting position

zﬂ Yiellorowliez, Chalman of Symposium on the
Ssandardisation of Lrgometry, 1b6th World Congpess of
Sports Hedicine, Hanover, 1960,

3P, 0o Astrand and K. fodall, Zexthook of kot
P} [ (Wow Yorit: HoGraw-iill EDONYy »

De ™

b oepetlof sstrand and Bengt Seltin, "Maximal
Oxygen ® and Haart Rate in Var‘!.ouu Tywas of Muscular
activit 9l of App ] e XVI (Hovermber,
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and a mean of 3,84 liters per minute in a supine position
on the bioyole ergumetsr, They comoluded that running
uphill revealed about S per oent Ligher maximal oxygen
uptakee than other types of large mwcle oxercises, at
least in well~brained subjecta,

A study to compare netabolie rosnonse to exercise
on the bieysle erpowmetsr, the treadmill, and the stool
8 tep was reported hy I’nul.s e autlior used ten colle:ze
students uho wers enalyzed as two separais Iroups using
an analysis of variance and a factorial desiygn to determine
the maansy in which the subjecta resnronded to exercise on
the 4ifferent machines, The results shewed & significant
intereotion effect an the treadriill, but a non simiflicent
iaserantion effeot on tlhio bioycle erpomoter or the stool
B hepe

Wyndhnam, ote 31.6 maasured the reximum oxygon
intakes of [J0 active younz men during a dblcycle ergoueter
test, a step test and during an intermittent and a continue
ous treadmill teat, The speed at uhich subjects ran during
e oontimucus treadAmfll sxercise becaun at .5 miles ver

5 Tom LesPaul, "A Comparison of the 'nergy Coat of
Y xeroisea on tho Bieyele IUrpometer, the Treadmill, and the
3tool dtep" (unpublished Doctor's dlissertation, Florida
State Univereity, Tallahasses, 1965).

&OQ ﬂ. ‘l"- hﬁn. Ii. F}. ﬁtl‘y\dm. ’ﬂf. P. I‘Qary m

Ce (e Williamm, "Studies of the axinum Capacity of Men for

Physicel uffort®, Internetionsie Jeit: :
Phe SOOI

i e N et
b Aroeltsphys:




hour and increased by .5 milas per houp svery Hhio minubtes,
e min continued until the subject under observation was
coupellied to stop because of Latipue. Witk the grade of
e Lreadmill at less than ons DoOr ceut, & meus of the
exysen uptake was found to be 3,08 lisers per minute. e
work position on the bicyole ertnmebsr was different than
rejular ergometer cycling The subBct sat in a chalr
bBelhind €he ocyole ercumaetsr witl: lds logs almost hurizontale.
TBe position is very simllar to eveling in the suoine posle
tlon, swhich 1ip less officisent for loading the oxygen transe
nort sysater:, A mean Ooxyren uvtekws in thin posivtion vielded
2.85; litere ner nminute, ‘he rmsmultes indieats that maximm
oxvpgan intakes obtained durinzg the treadmill test at the
higher maximm orxygen valnes, bhut they are cloasly siwmiler

at low loveln of exercise,
Il. BICYCLE EAGUMNPRH OQYCLING ViRUS ORALEING

astrand, et a1.7 renord®ed the mechandeal effleiency
of odbese 1nAividuals during work on a bieycle ergometer, A4
group of eight obuse women wnd four obess men wered exanined
for oxygen intake when workinz with submaxi-al loads on a
bioysle orgometer, With she work load a% 300 kpm/min the

71, Astrend, Pe U, Astrand and 4, Stunkard, "Oxygen
Inta.ica of Cbsue Inﬁividua.ln Ihming #ork on & mey e
Lrpgouster', iote DI ACE sandinavica, L (Mareh, 1960),
Pe 2‘*&“2%.




average for the obese wonen waz 1,05 liters per minute, The
obese :en hud a higher oxygon uptake tuwn the control group
of 29 non=obese nen, mean of 1.00 litera per ninute and 0,96
liters mpor nistute, reshectively.

A43tting and supins work psrformed on the dbleycle
ercomoter uas lnventigated by “tenberg, ete al.a Jubuaximel
an? maxinkl work wes performed on the bicyele srrometer with
arp, with legs, and with a:rms and lege, 1n sitting emd
supine nrosition, resrectively. Muring ma imal exercise with
the arew® plus legs in tie =l tting position, the mean oxygen
uptalie wes 3,95 liters per mihutee The value exceeds the
value found for cycling e ergometer with tho legs in the
sltting posltion (mean of 3,87 liters per minuto). A
relatively lou oxygen intalke was seasured for le; cyeling
in the supine position {mean of 3,142 liter per minute)e it
a civen subemaxinel oxygen conmurtption heart rates and nule
monary ventilation were tle sems in leg exercises &s in
combinsd wopk, but the values were aiznificantly hi;her
duriag arm work,

8\10 Atenboriz, Pe Ve A8trand, Be. ikblom, Je DYyce,

and e Saltin, "Fewodynamic "eaponee bo uorle uit.h wu‘feront
Xuscle drcups, 3itting and Supins®, [ Applied

Zhymioloxy, XXA1 (Jemuary, 1967)s PPe CAw(U




11X, BICYULE BROOMETER CYCLING VESUS PTHREADMILL UPEILL

! Ty b ke i

Mtﬂ’ WS unsuccessful in denonatrating acy sipw
nifioant du‘tonnn in maxlal oxygen urtaks cormpuring rin-
nlg on & trp@ill (¢nclination 1° = 1,75%) an? biaveling
on an ergumsters Thirty-~threas femalo subjects were rerorted
to have a mean value of 2.07 liters per minute on the trcuade
mill as co:nptmd to a 2476 liters per minute on the hicycle
orgonctere A woan of 4,0k liters per minute on ths treade
n1ll for 3 male subjects were compured to a mean of 4,03
liters pey ninuse on the dicycle erzgcmetor,

Three direct tasts of wexlial cxgypen uptale and one
indirect test was given to 2} mele subjects by ulazsford,

ot Rlolo

Une direct test was given to sudjects on ths
treadill and followed tiwe procedures of Tuylor, Buskirk
and Iionsohol.n Te proosdures consisted of a 10 ninute
varap at 3,5 ophh and 10 per cent yrade followed by an all

out run at 7 mph with the grade being detormined by vrevious

Zxperinental

Jsudien of "hys
Aape (Copenhiajgens

Yper-0lor

* b

A8 tmd,
"'.: e 2

10?’19 Ge lasaford, Ge. He Yo Poycralft, Ae. ¥W. 3edgwick,
and Re Be Jo Maenadb, "Conrparison of Haxims) (xygen Upeake
Valves Detnramined by Predicted and Actval Hethods", Journal

of Applied Physiolomys XX (Mey, 1965), ppP. 509=513.

My, L, Taylor, %. Buskirk, and . Hensonel, "Maximal
Oxygon Intakze es an oﬁj.otiu Measure of the Gardioe
resniratory Performatice®, Journal of ‘hysiolog
VIII (January, 1955), PDe ¥

‘.

EFP R
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fitnheas testses 0OUn the following day the »rocedurs was
repeated uith She subject running at & krade 2,5 per seut
higher., §he mean oxygen unta e wes 3,756 litors per
minuboe anotlior direct tost wins given on the treadnill
but follewed the procedures of Hitcuell, Hproule and
Ghamn.m This prooedure varies in that 1t can be admine
1stered o8 ene teating day. . fter & 10 minute warwup at

3 11ph and a 190 per cent _rale, the aubjeot began ruuning
at 6 mph a% no grade for a period of 2 minutes and 30
seocondes &bt w:ldch Cime explroed alr wed ocoileoted, After a
10 mimise reat, the grede wan ingreased to 2.5 per cent and
thia proeedure was counbtinued until the oxygen consumption,
on twe conmecutive runa, loveoled off or declined, ‘the
meanl oxygen oconsunntion for 2y subjeots wae 3,752 liters
per alwtes A third direet test employling the nrocedures
of Acbmulu was given on a lMenurk hisyele eérpumster. e
pednlling frequency was 50 tiues Der minute and tha work
load began ut 600 kom fer six minutes but increased bo

00 ks, 1,200 kpmy 1,500 ko, 1,800 km af ser five minute
rest perliods, respeciively. 4 moan of 3.450 liters ver

12, 5, Nisehell, be Jo Sprouls and Gs B, Chapnan,

“ihe fhgulolat,j.cd I-ianning of tha Haximal Oxygen Intake
mt; : : XEXVIZ ?umaat, 1958),
phe 53076

" Lp. Ge Astrand and e fodghly "Meximl feart iate
ring vork Oldepr iien", *%"iﬂi _of spplied Physiolo .y,
X1V (July, 1959), ppe 562=5
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mipute wasd edtainaed during this exercisc. Using tie sstranfe
Rylﬂnsu DEROCPAM; A MOAN Ooxygzen uptake of 3,71 liters per
almite was obtainsd during an indireet bicycle ergametar
tenbs The mazinul oxyzen untaice wae eatimabod from the
heart Mbs pesponse to submaxisul woxk,

Gormletion ocoefficienta betweon thie various oxygen
uptake tests as well az & fitnces test were all foumd to
be simmifieant +.62 to +.83. It was concluded that direct
treadmill tests, smploying greater musele mass, yield
highrer neximal oxygen uptske velues (6 per cent) thun does
the direot bloycle exryoucter tort,

hare, et. nlcls Tound & 1Y per cont difference in
saximml oxysen uptmke during a treadmill exercise and a
bioyocle ergometer exorcize in favor of the btreadmill,
g4ghitenn young men wors usod in the experinents, he pro=-
cadureg used in the tresdmill oxorcise were thore emploved
by Tarler, at. al.lb ™he mean value for oxygen uptake waa
found 90 bYe 3,86 liters per minuts, Yarimal oxyaen cone

gumontion was dstermined on s bleyele ergometer using &

g

Pe 00 Astrand and I, YA Nowogram for Cale
culation of aerobis Oanaoltz' (mn.{u mmeaas fm mlao
Rate During submaximal wWork", sourpal of Applied ‘1 -
VII (Februery, 1954), poe 215'- ®

15(}. Ae Chasa, C,» lircve, ard Le K. Rouell. "Tndenerti-
dence of Changes 1n Munctionsl and %rromanoe Sapacities
attending Prolonged Bed remt," ‘erosnace iledicine, XONVII
(Deoember, 1966). PPe 1232"12,38l

1000510, loce cite
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1
modifisatich of e mothod of Luft, et ale L The work losd

on the Maysle ermmeter was set at 300 Rgm nor nminute
(R0=60 rpm) for three minites warrmp, then the locad uas
inereased 05 %0 100 kcm ror nimute until the anbilect could
no longer pedal a¥ the required mate, The mesn oxy;en
uptuke wvas 3,28 liters per minute,

Bermansen and Saltsinm used 55 anle subjects, 19
s0 69 years of aze, %o nerform meximml exsrcise on the
treedmlll running uphill (srade of 1° = 5. 2% per cent) and
on the blaycle er;pmater with a pedal frequency of 50
revolusions Yer ninu®a, The Mmocedure suggested dy Astrand
and sslttn“ was wed for the bicycle exercisee Por the
treaf1il]l a moMified procedure ordginelly described by
Taylor et. &1.20 wan uged, After vredicting naxinal oxycsen
uptalte from heart rate and svbnmaximsl work load on the

17UQ Ce LUfﬁ Ve Q&MUB, Te Liﬁ. Le O« Anderson and
Je Ls Howarth, "Phyaa.cal ’»‘emmme 1n *helation to esoay
31lze and Composition", "Annals leg ! omy of Sele
120 {April, 1963), v,

mr;are Hoergnsen and Doengt Saltlin, "Uxewen liptalse
urlng: Meaximal Treadnill tmd Hicyele i“xemise}i uougz_@; of

Applied Physiodeiry, XAVI {iamuary, 1969), .
19p, 0, Astrand and B 9altin, "Oxygen Uptake During

the First Hinutes of HReavy Musoular Hxercise", Jo o
applled Fhyelolocy, VI (Hovember, 1961}, pp. -7l Cn
20

Taylor, loucscit,



blcyele ergumater asccording Go utmnd.,a the firast work
loud wan Just hish eunougl: to reash the maximml oxyren upe
takes The work load for tho sacond maxizal test was
increased by 200 kpm/min and 2 km/hp for the blevele and
treadnill, recroctively., The mwean oxygen consumption on
the treadnill was l1,16 liters per minute as commared to
390 litors per minuse for tho wieycle ergometer, 'this
repreeents a 7 nor cent differonce (PC0.001), Hortyeseven
of the subjects had higher values on tie treadmill. Ho
ai;mificent differonces were observed in mmximal values for
the worit tine, ulmionery ventilation and hegrt rate, 1In

6 subjects maxioel ruaning uphill (39) gave a nean of 1,.68
liters por minute ay comnured to a mean of !;,.l10 liters sor
Rinute when minning naxinally at no inoclinetion. The seme
subjects could move only 4.3 liters per nminuts of oxyien
on the bicyole eriometer. &4t podal Crequencies of 60 or
70 o during: e rexinal bicycle exercise 0.10 litere per
ainute Ligrer oxyon untake was found compared to nedal

frequencies of 50 or 80 rmm,

211. astrand, "Aerobic work Capacity in Hen and

Zomen with Special Heference to ige", Acgta Physiolozica
3gapndipaviga, II (March, 1960), p. lf';.
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Ive ITMMSARY

A test of nmaxlimal oxyzen uptalte shoul?! load the
resgniratory end clprerlatory functions to a maxinal extent,
In order to accomnlich tiis, larse muscle grouns must be
activel: enysaped, The wovd: load should be measurable and
reroteibloe  For these reasung the bileyele and treadmiil
exorcissa lave hesn the %wo wmost umed laborastory tests
for deteamining the aarobic nower of man, ‘Te testing
nroceture varies, howevey, from one laboratory to ancther,
anrt the qQueation atill remaling, wiether tie two procedures
sive sinllar results,

Tis inventipators huve bean unable Lo dononstrate
any significant sifferernce in mmximal oxygen urntalte, ocotie
pari o ronning on a dreadmill with an ivelination of one
dezree arg! bicrollung on an osrzoneter, An averales 41ffare
once of o133 liters rer minute was ahown in four studies,

It arnesr thet e lisher maximal ony et uptale is
ohtained when rmamning on the treudnill with an inclination
eoral to or greater than three desmses, 4 significant
Alfference of , 311 liters ver wminute wik the average oxygen
untake 1n 113 anb iecta and six ifferent siudies,

ioyclo er-omster ezercies, on the averi e, ~IrOow
Avges a lower oxrion uptale, at leant compared to runring
unhill, In stidies in whlich oblective ceriteria have oen

used to determine diether or not the rnaximal oxvien untalke



had been reached in bisycle erycmeter or treadnill woril,
the valuen for minning are on an avera;e five to eight
ner cenut higher than for bicyclinge

In thto atrdlies whiohlcompm*ed eranizing $o creiing
on the blaoyele er onmataer, éiu crxyvoen untake was found to
be all i tly Lisher for gyeling in the aitting position,
A sreater value weg found for areg pdlun lopgs, 3499 liters

- - ' o ] ot ™ '. . i
rer minute &g comared to croling with the legn, 3467

Ey

li%ars per minuto,



CRAPTER IIIX
POCHDURE
I, SUBJECTS

Tour students from kastern Illinois University in
Charleston, Illinois, and sen students fyom lake Land
Jurnior College in flattoon, Illimois, took pert in the inwvese
tigation, The subjeots wore first choeen on the bamis of
their moderately obese aprearance and then voluntarily
elected to participate in the atudy. The subjeats were
male, cOllege _lcudanu and none-ati:letes ranging in age
from 18.2 %0 28.3 ysare, witl: a mean of 20,5 yoars. The
asan of their heoli;hita was 176,79 centimeters, and the mean
of their body weliuhts was 106.82 kilograms,

The ma jority of tie sudbjlects were exposed to biaycle
riding in their elemeonlary years, riding on a regular basis
until the ages of rifteon or sixteen. At thie time the
;Qi-imry mode of trunsportation becsame the automoblle, and
bieyocle riding became a forgotten activity., 4ll subjects
have been exposed to running during their required physical
" odugaticn procrams in the schocls, However, many subjects
were exrased t0 & greeter degree through intresural and
athle o wograms, §HO subjeet had previcus sxpepsience rune

ni on a treadnill,
e 2



Ile ANTHACPOMETRIC MEASTREMENTS

A1l sntbropomstrlc Heasursnents were erformed in
tha "hysiecal ducatlon Research Ladboratory at tastern
Illinois University., Four measurements were taken to
descridbe the physlosl characteristiocs of thwe subjects.
These measurementa inoluded: (1) body height, (2) body
woliht, (3) thdgh girth measuremsnts apd (l}) skinfold
neasurements,s The anthronvanetric measuremesnta of eaok

subject are shown 1n Appendix B.

taeh subject, wearin; only an athletic supperter,
atood ae tall as possible with bin back asminst a atrip
of tape pazted sn & doour and moarked off in centimsters
and incliom. !ism heels, hips, shoulders and fLiead wore
touehing the backboard, The Frankfort vlane, a line I'rom
the outer, lower earner of the eye socket to the little
prominence at the frant of the lower ear lobe, was horie
gontal, 4 mesordte hoard uams placed firmly oh top of the
subject's hesad, paralls)l to ths floor. ‘he helght was
recorded 1n censimeters at the point where the masonite
bvoard crossed tie msasuring tshe.

Dody Welght
Lash subject, wearing only anr athletic suprorter,
was wolghed to the nearest nound while standing in a steady
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poslition in the center of the platform of a caliberated
lienl themeter Soales e reading was couverted to kilograms
by dlviding; by 2426

Girth Measurenent
The Drocedures of Scott and Prench were employed

to measure thigh ;;irﬁh.]'

Girth measurements were obtained
fronm the ight and thie left thigly, using a two meter Lufkin
antliroporetrio tape witd: a spring tenslon oylinder. .ach
subject stood witlhh 2ds feet about four to six inches apart
and his thign in a relaxed states ‘fhie tape was placed
horizentally around tihe thigh in the gluteal fold, which
is the angle wude by tle ourve of the gluteus naximus with
the near vertical lire of the thigh, The thigh girth was

soorded to the nsarest sentimeter,

i )

(%

Skinfold nmeasurenents were rude at thres different
locations to indireotly determiine the specific gravily and
ner ceut of body fut. ‘ihe tluee loocations inoluded: (1) thre
abdomen, (2) the ahest, and (3) the arm. 411 noasurenents
wore taken on the right side of tlhie body, with the use of

& Lange 3kinfold Callper and were msocrded te the iwarest

Lo Glndya deott f.md Sather Frenci, m%gg_m
610 : LYS. _ _ QL (Dquu.. lowas ™




nillimeter. The procedures used were described by

Consolazic, ote. Al.z

sibdomens For the abdominal skinf'cld measurement
sach subject stood erect with arme at hie sides, and hie
uppoer bedy frec of clothiings A verticsl skin fold measure=

ment was btalen od’acent tc the umbilicus,

thest. Hack subject a ood in an upri;ht position,
Ihis arms st his sides and his unper body wmuscles rolaxed.
The roadinz was taken st the midnoint between the anterior

crease of tle axilla and hhe nipnple,

4« The upper arm sessuresent, with the foream
in S0 deyree flexion and the lmmerus hanging streizht in
an extended ponition, was taken at the nmidpostericr mide
point between tine tip of the eoromion pProgess of the scapula
and the tip af tho oleorancn process of the uldDu.

i total of six Aifferent skinfold thicknenses were
recorded at tlie abdomeny the clest, and the arm, for reline
biliity verifisation. f(he ti.ickest akinfold measuresent was
eliainnted and the remaining five measuremonts were averased.

Applied next, were the formulas by Brozek and 1’201{5.3 Pirat,

2?1-& connomio, fobert johnson, and Louls Pecora,
. ic Func

3.1. Bregek and A, Keys, "Body Pat in Adult Man®,
"hysiological Review XXXIII (1953). Pe 2Li5,
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tle skinfold measurements wero apnlied to the multinle
resrmession equation for the estimution of apscifiic gravity
in non eged 16 to 26 Tlie equation 15:

Be (¢ = 14017 @ 0,0002824 « 0,0007368 « 0,000883C

fhe per cent wdy fet wes comruted from the foiwmula:

he201 .
4 body fat = (222 3.613)
mL}. i‘_ur‘
111, BICYCLE HERGUMET.R AWD TREATMILL 5 TS

4 welpbht-supported test using a Honark Friotion
EBicyecle :rgometer (B, .} and a noa weigzhtesupported test
employing; an ie He Young Treadrlll () wus adnrinistered
in the Fhysical dduosiion Hesearoh Laboratory at zZastern
I11inoie University. £Laad subject appeared twice fox
tecsting duriog & nine day period in the afternoon houra,
B:0 luboratory salodule wars arranzed so that the btesats
weo not glven $o & subject on conmecutive days, 3even
subjeocts toak BE nrior to ™ while the other seven ook
‘D before ARs (Tris Prosedure was enployod to eliminate
truining or learning effect.) iwritton and oral instmice-
tions were given to each subject prior to testing. (seoe

appendix A for written inatructions,)

B4 1o ! Tos
The hei;i:t of thie bicyole seat was adjusted to eaclk
individual se that there was a slight bending of tho knee

when ths foot was pPluosd on the pedal in 1%a lowest position,
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Lach subject perforasd a sudbmaximal (PVGISO) anid a maximel
(P\fcm) bioyule erymmater exercise. The term WC].SO
refers to the heart rete rising to 150 hesta ver mimite for
rhysical worit capeoity, ans chm is tivw maximal heart

rate oltalned for physical worlc capacity.

MG, ;pdldo. The test cousisted of a wurk loud set
et 300 kma/rin for the firet two ninutes, 600 kpn/min fram
two to four mimutes and 900 kmy/ain from four to six
minutess A metronows was sod ab 50 weats per nrinute and
the subjeat pedaled at 20 kilopounds per hour to Lusure
oonaistant ropic load, After the heact rete roached 150
beats per mimts during submaximnal exercise, the following
cardiorespiratory resporses were obseiwved and racorded:
(1) mulmonary vantilation, (2} ozxygen consumption, amd
(3) the time during the ride that heart ratea reacl:ed
WGISO‘ In addition to oktaining submaxiaal cardioresw-
pirasory data, the teats aleo se~ved a3 a wam up to the

Wcm weliht~supparted sxercise,

l« Polsonary ventilation. During the WOISO
Fe Ee Tost, a 30 seoond saxple of expired air was taken
aftor the leart rate reached 150 beats per minute. “ach
aub jeos, with noee olips firmly in poeition, itnspired
thyough & Collins "triple J" valve which was connected
by a hioee %o a FNodel Gﬁh Parkinson=Conan Gas Meter. iAaroe
neotric Pressure and Temperature of the oxpired aiy were



recorded %0 as to convert all reespiratory data to Standerd

Toaperature and Pressure=Dry (S8TPD).

2. Oxygen consvnntion. Huring thLe '-,’dclso Le ke
Test, the inspired elr passed irough the gu=s metsr, mouth
plece, aubject and tlre expired efir floved throvph A Dlexle
glass sampling chanber where 4 sasple of the expired alr
was drawn from the chamber via & small vaguum pump to a
Jornaon iietallized Ba‘g.h‘ ‘he bas of expired air were
analysed for oxysen und carbon dioxide content on a declonan

Model E:-l2 and Feockman Hodel Lial analyzer,; respectively,

3¢ Heart rates. During exergsise, as well es Adure
ing the recovery veirdiod, a telemstry system was enployed,
slth the subjeet in & supine position, the VS apd vSr ehest
lead locutions wexre wepared. rrooeduras used for the
proparation were similar to those enployed by Kobaynahi.s
»fter the skln wes ashaved, a sreill agount o' electrode
Jelly was applied and rubbed witi: & tooth brusii until tie
skin appeared red in colore 1.6 e6xosss jelly wus remnoved

and a pea size drop of jelly was placed in thoe cenber of

the snap on teleoirocies which were seourcd by surgicel

L"ﬁoburt e JolaBon, Frunoces fHobbinmn, et al, "4
Versutile System for Meausuriry: Oxygen Consuription in ran®,
O of XXZI (February, 1967),

JERRY Y - @

SYoshlo Yobayashl, "The #ffecta of Rove Jumping
on Cardiorespiratory Fitness of Higk Sehool 3tudents”
(unm)xbnahod Master's tlesia, “astern J1linois Uumlverrity,
1969i



tepe. The electrocardiograem was sent from the transmitter
to the ?mbject, lying on a table near-by, o an HHG :odeld
100 recedving unite 7The signal then went te & Senbom
iodel 500 viso Cardiette, shere a graphic record of the
QUB complex of eacli cycle was ohserved aud counted as the
heart rate of the subject. A physloscope also reoeived
the signal so that conatant visual ingspection could be
obaerved,

A resting heart rate was taken whils the subject
was lying in a supins positione Nuring the RiGygo Pe Ha
fes8t, & five seconil esample of ithe heart rate was taken
periodically t0 determilne when the rate had reached 150
beats per minute, During Pilnax the maxioum heart rate
af the subject and B.s E. ride weore recorded, ¥Pive second
recovery heart rates vers recorded arter MISO B. Be and
PiCypy B+ Es at the following times: :30, 1300, 2330, 2300,
3:00, and 43100 ninutes,

PiCngpiide. ‘he all out work test on tlis bicycle
orwnoter consisted of sotting the metronoms at 63 beats
ver ninute thern increasing the pedalling speed Ho 25 kilo=-
pounds per hour, The wori load for tha fiprst two ninutes
was 300 kpm's and inaereased 300 km'a overy two minutee
until the subject anticipated exhaustion within 30 seconds,.
Haximm pulronary ventilation, omygen upbtake, and heart rate
infomation were obtaines as previcusly Qeseribed in the
MCy1 50 f11dee
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T G

A suomazinal, (F«:clso) and neximal, (Nuwm) troade
1nill rua were adninisterod in that order at ons testing
period, and cardiorespiratory data was obtained on eaach
subjeote

!",uclse‘fmq@ill Wune ‘o work for tiis test began

witr: & wallk, thkree niles per hour, und no grade for two
mninutess The vurpoas of tlre walk was to prsuare the
ftnexperiensed subject Sfor treoatnill exercise. Tw teat

was continued by iporeusing the apoed to five aliles per
hour and no grede for tha next two mimtes and subuequently
the grade wus raiscd tuo per cent every minute, vwhen the
hears rete reached 150 heats ver miuute, vulmenary ventilae
tion, and oxygen oconsumntion data were obtalned eas Ass~
sribed earlior, This test served as 2 warmsup for the
Nom’?readmill My, ws well as a tool for occuparison for

subtaxinmel work loadse

wc; Treadmill dun. Immediately following tie

suixaaximel treadmill mun and a four minute recuvelry period,
o muaxival treadmlilil run bogens ‘e test required the
subjoect to run at six milas por hour and oo grade Loy the
first minute, and al six milss »nor hovr and four psrosnt
prode during the second minute, Hach succeoeding minuge

the grade was incrsassd to &, %, and 10 ner cent, resnece

tively, !'Twen the svblect unticipated fatipgue within



30 seconds, Le inserted the rubder mouth plece attached
to the "triple J" valve, and pulronary ventilation and
oxyren consumption samnples were collocted as previously
described, !aximum heart rates were also determined viae
telametry at this time.

IVe SUMHARY

Fourteen moderately obese male 00lleg e students,
W0 a8 a majority had previous oxperiense in mmning and
blcyole riding, %ok part in the investigation. Ainthro-
ponetric nmeasuremenss were taken first to find body rieight,
welght, thig girths and skinfold measurersnts. Pulmonary
ventilation, oxygen cofisumption and Leart rates were
talkkenn during a sub naximal and oaximal weightesupported
and non wel ht-supported exorcises Hsart rates during a
recovery poriod were taken following the previocus oxercise.
The woight=gurported test was taken on a dbleycle eryovmeter,
and the non weightesupported test wes taken on a treadmill,

30



CHAPTTR 1V
ANALYSIS DATA

Pourteen mederutely o0lese culleze students were studied
in order to compare circulorespiratory mesponses to welihte
gsupported and non weishtesupported exercisea. A submaximael
and maximel tent was ;;iven on a nicyocle eryomster and on a
treadiaiille Ta parameters considerad ware: (1) pulmonary
ventilation, {(2) oxygen uptake and (3) hLeart rates during
and in mocovery from exsrcise, All aw data 1s presented

in Appendices 7 through P.
I, DAYA CUHVERSION

In order to analyze tle data, in some instances, raw
scores wWere soiwerted to morms meaningfuvl unite, The body
helght and welshit scores were converted to centimeters end
k1losram, resmectively. iy the use of these two variables
the iody surface, sexpressed in square meters, was somduted
from the nomoygram pressited by Consolazlo, et al,

Skinfold neusurenents were btaken at the abdoman,
chest and arm and regorded in wlllimeterw. Inlirsctly,
speclfic gravity and per cent body fat wers derived from

036 mocsurements as described in Chapter Ille

I‘F*mk Uumolnzm. Rauort J?-hnson, and Louia Pecam,




The pulmonery ventilation W‘E) and OXYgen cOnSumpe
tion (Goa) data from the bicycle ergometer (is E.) and
treadmill (7. M.) tests wore corrected to Standard Tenneras
ture amd Pressure Nry (3. T« Pe M) and expressod in liters
per- minute {L/hin) and/or m1lliliters per kilogren per
ninute (ml/kg/min) via a oroi-ran developed by rom.z The
progra® wag run on an IEM 360 'lodel 2050H Computer at the

Nata Processing Centwer, Yastermn Illinols Universmity.
Ile SPATISTCAL TREADENT

Two types of statistlonl treutmonts wore applied to
the data collected in this studye. 1he £ Test was applied
to find statistioanlly si;nificant differences botwesn :eans,
To Astormiine what relatlicnanhiprs, it any, oxisted between
two variadles, a correlation teshnique was emnloyede Ior
this study, the <05 levo) of confidence was selacted to

denote statiatioal nignificance.

t Test
ATtesr all the raw scores were punsiied on lid! eonputer

3

oards, a § ratio progran develoned by NiPietro” was used to

%E. L. Lrown, "A Caloulation of Veutilation and Oxygen
Consunntion Pro.ram”, (Charleston: Lastern Illincis Univer—
sity, February, 1971‘-

3 Je DAPietro and ite <o LoBuc, "3tudent T=3coros
for Means (Cards) setwsen (roupns", (Charleston: Eastern
I1linois Univerevity, MNay, 1964) .
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detersine statistically significant differences between weans

of various tests. The IEM 360 Model 2050 Computer was

employed,

tion 1 t

In order to perforws scveral supplementary analyses,
with all 1ew scoree for eaci: subjoect on 1i¥ computer cards,
o ocorrelation progran developaed by the {omedlical Computer
Pl:'o;_;x'ucmlL was run throush an Idd 360 Hodel 2050 Computer.

4o prognan calenlated the mean, standard deviation and

tlie degree of relationsiilp tetwuven all variables,
IIl. FINDIRGS

Palmonary Ventilation

ﬁg—lﬁﬂ' Pulmonary ventilation Auring a submaxzirnal
e e &and Te lla tast wus determined by a 30 second samvle
of voeuntilnted alr after tha heart rate reacted 150 hoats
per minuta.

Figure 1 shows that fer suvbraximal work, the wean
pulmonary ventilution for veightesupported exereise waus
62,46 1itors per minute as compared to 74,39 liters per

aimite for non ueliglitesupported exercise., For this astudy,

’*w'. Jde Dinon (ed.), "Correlation with Iten Deletion,
#DDO3D", ilomodical Computer Programs, (Leriteley: Univer—
sity of Californila Press, 1970), pe 160,
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there was no atatistically zi;mificant difference between

tie moans.,

PiC ¢ Pulmonary vontilation was measured for
30 secounds Auring tiie last minute of e maxinal i, L. and
Te Mo testa,

Figure 1 reveels pulmonarv ventilation during the
lant nminute of thie maximal 'y FMe and Te iie teatas., e mean
mlmonary ventilation for wel htesupported oxercise was $9,72
liters per nminute as ccmparsd to nen weighteaupported exeroise
having; 11400 11%ere per minute, The difference hetween tho
o tained rwuns was found to be stntistically significant at

tlie «02 level of confidencs.

Oameg Uptake

EiS, ¢

oxvired air was collected during a 0 scacnd period lemedi-

Por subnaximal worl, a netalized bag of

ately after the heart rate reached 190 beate por minute, T™w
exvired sas was then smalyzed,

All hut one of tl.e subjects had a hijpher oxygen upe
tako on %ho treamill, Pigure 2 showa the mesans of the oxygon
uptake during weighte=supported exercise t¢ he 22.87 ml/ks/min
(2.5 L/min) as conpured to 2433 al/k/min (3.1 L/ain) during
non wel ite-supported exerclse, The Aiffersnce detween ncam

wan statistically si;nificant at the «3Cl level of counlidence,
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PG e« To find macimal exygen uptuke, a samnple of
oxpired alr was oolleoted and anzrlyred for a 30 secord
poriod during e lest minute of tlie all outbt iie He atid Te He
tents,

Unly one subject had & 1l ger oxygen uptuke on the
bicycle ergemeter than on Hie treaimille Fijure 2 shows a
mean of 29,84 ml/kz/min {3.29 L/min) riding en the ¥icyole
erconeter of compared to a mean of 36,89 ml/kg/min (11,08
L/min) runring ou the treadmill, The Aifference between
the o.tained means was found Yo e statistlcally significant

at the 1 level of coufidences
H 8

The hLeart rates wore recorded

during a aubnaximal ‘m).s:o) wolsht=aupparted (bieycle

ergometar) test and pon wolshtesupnerted (2reaedmill) teet.
The subnmaximal hnart rates, both 3. 2. and T, Mo

were used to determilne 4 sPevific peint at wi:ich a sub=
maxinal mulnonary ventilation and oxygen covusumption would

bs taken. Therefore, uwiien heart rates reached 150 beats ner
minute, the reapiratory measures wnre ottained, 1t teok

tte averacs avbjoect 6.3 minutes to reach the rate of 150 beats
per winute on the e $,. test, while this same rate wes
achieved after 8lightly nmore than 3 ninutes on the T, Y.

toste, Since it was nut foasible to equate werit loards on the

e e @ Te He teate, thera would be little value in
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analyzing tle significance of tie difference in the lan;th

of time required to acliieve the PWC on poth tests,

150

Marimal exercise, 7The Lighest heart rate achieved

on an all-~out L. . and Te ls test was nolted for cach aubject.
It tool subhjects nearly twice as long to achieve maximal
hosrt rates on the B. He test (4.3 minutes on T s teat and
8.3 ninutes on H. i test), The msan maximal heart rate
recordod on tie H. e test was 185 beats per minute, while

it reached 19 beats psr minute on the alle-out 1. He run

(sce Figure 3)., ‘This difference was found to be statis-
tlcally siynificant at tre .02 level of confidence (see

Table 1),

‘ 16C0 Ve on im xercises Figure 3 deplcts
trhe recovery hLeart rates at :30, 1:00, 1:30, 2:00, 33100, and
1:00 minutes followiny, maximel efforts on the *, !, and
Te Mo tastas., At all stages of raecoveory the 7. M. hoart
rates were higlier tlen the i, I's heart rates, however,
none of the differsences wero statistically siynificant for

this study (see Table 1),

Interrelationshins

Many supplementary anslyses bhetween anthropometric
moasurenents and circulorespiratory responses were intereste
ing to note, 'fable II shows a highor relaticnshiip between

pulmonuary ventlilation and anthiropometric measurements
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TABLE 1
SMBARY OF PINDINGS
(t Tests)
Parame to re Be Be Ts Mo Level
k] of
Hean Qo0 Hean 8aDe Ratio Jonf,
Vg PiCygo (I/min) 6245 16415 The39 12,03 2,137 .10
?. PiCpgy (I/min) 99472 13.45 117.65 16471 2,965 02«

%o MC1go (ml/ki/min) 22,87  3.40 20433 2,97  L4e359 001
902 MCmay (ml/ka/min) 29.8l  2:79 36,89 6.35 3.639 +0le

HeRle MiCpoy(Boats/min) 185 7,42 1 T99 2952 .02+

ilsocovery from MWC

|ax

Kinutes and seconds

130
1:00
1:30
2:00
3300
L4200

160 10.34 166 9,86 155 .20
U 10.86 U8 12,03 1.62 .20
131 9.83 135 9,63 1,05 .40
12 8.l 126 10,77 47 &T70
115 6436 116 9.72 43 o470
Ny 8.ub 11 948 06 -

# Nenotes significance for this study
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{Correlation Coafficlents)
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Parenetors bBody Welight % body Patb Body Surface
U, Eaite .282 173 217
V., Telie TN -e065 w1,
freiie OD Lefie <148 0327 2B
BeRe ou Tele «010 361 «061
o on Leke «178 ~e2l7 0132

Tlie on Yekle - ¢ 5l Giv -e 320 o 52Uy it

#henotes significance for this study
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furing the bicyele ergamebter teat than during the treadmill
teat. However, there was rno sirunifieant relationship found
for this study vetween nulamonury ventilation and body
walk:ty per cent budy fat and bedy surface; respectivoly.

A biglier relaticnsnly wuz obtained hetween per cent
body fat and the lenpgth of time on tho tmadmlll as onvosed
to per gent kody fat end the length of time on the dicycle
arpoms tere ‘theae findings are sxpacted and support the
theory tlet tie treardmill test amon moderately obase sube
jects will raise the wmaximel heart rates higher tihan the
bicycle er. ometer tust.

Table I1 also roveals a statintically signifliocant
relaticusiiiy Letween the tinae on thes tresadmill nnd body
wolsht and body surfass, rospectivelys All thres anthropoe
metric neusurensnte show a higher relationship to e tine
ot the treadnill than to the time on the bicyecle ergometers
Biea0 currelotion coaliicicents sugpest Wat the more ol-ece
tis subjocts were, the lesz tine trhey could run on the

treadnille



iVe OSUMMARY a0 DISCUBSIOH

It was the murnose of this study o compare cirouloe-
rospiratory respotses to welghtesupported and uon weld; hte
supnorted exerclse in wodorately obese subjects. Table I
cshowe higher mean values for treadmill exercise than bicycle
oxergise on overy rarancter considered in tids study, lune
ning on a tyeadrmill appears to be wore taxing on the circue
lutery ond respiratory ssyzbtems than ridlag a Llcyole er;crneter.
Aty interrelationsiiip Letwesn tha lengths of time e aubject
et on the tresadmlll, and body weizhkt and wody surfaoce,
respectively, were found to be statisitliecally significant for
this atudy. |

It i3 not possible ut present to explain the exact
reasas for highser pulmonuary ventilation, oxygen uptaite and
heart rates appearing in non Qo&ghtunupported exercise because
tle atudy 414 not attempt to show cause and effect. louwever,
when discussing the findings a fow statements, arrived at
thiraugh observations during the invesbigation, apveuar warratted.

There was a total body Involvsment of tle subjects
Wien running on the treadrmill and mmeh leas body involvement
when ridlng on the Hoycle ergemeters 'tho ley rmscles ware
tlie only muacle zgroup aatively used wiille bioyeling on an
erzome tery whore as the legs, armus, ciesd, and shoulider
slrdle groups were aoctively engsied when mnning on a treade
»ill, ting contridbuting to higher cimouloreapliratory values

obtalined during non ueli htezupported excrcisc,



Turing bicyale eromoter exeorcise tie ability to
soh:ieve high mexicum velues ey lbe inhiibited becauss of a
localined state of fatizue appearing in the leg muscles,
Biis fatlgue 18 belleved $0 be & maln contrisuatiag factor
sinoe nany of the subjescts pomplained of fatipgue and pain in
tls anterior thigh (quadricers) msocles during the latter
stages and in recovery from tie bloycle epgometer test.

inottor factor. wich could affect the lower circulo=
respiratory velues for welglit-supported work is peycsheologieal
notlvatione al%Wiouy: Lia investigator 4id not attempt to
notivate tho subjocts on olther test, 1t 1s rossidle tl.at
the subjects subocornsclously mutivated trorwelvess The sube
Jests knew that wien running on the treadmill they were
forced to koen ruaning or be thrown c¢ff the mill by the con=
tinuous rotation of the bLelte While riding on the blcycle
erponeter it was eany for subjects to discontimie ti:e test,

In sumaary, tte data obtained from fourtsen mals
subjeots indiecates tlat kigher ol:gulatory and respliratory
values were ocbtrined Qurin;:y non uweldit«supportod exercise
th:an dquring welght=supported exeroise} and, tlerefore, the
treadriill would apfear to provide a superior test of oirculo=

respiratory finctiomse



CLAPTER ¥V
SMATY
le SBUMMARY

It was the purpoze of this study to compero c¢irculow
respiratory rasnonses to wel ght-supvorted and non welsht~
suprorted exerglse in moderntely obese subjects, The ciroculo-
resviratory peramcters considered wore pulmonary vontilation,
oxy:an uptakke and heart rates dupin:, and in recovery fronm
exercise, The welylit-supported exerclse wus performed by
riding on a tiaycle erjonmeter and the nwn wel ghtesupported
excrolse waz performed by running on a treadmill,

Feurtosn male sollsge studenitas from Zastern lllincis
Univereity and i.ake Land Junfor (ollege took part in the
investigation: Tho woderately obese subjeots had e mean body
welirht of 106,82 kilogrars, a mean body fat of 20,6 per cont
and a nmean body surface of 2,26 square meters, .il) of the
subjects had pievious experiemnce in bleyocle riding and rmun=
ning in oh.ymical education elasses, lowever, the majority
of subjects in their later high sohoold an? early cullege
yek:s showed a marked decresse in nhysical activity,.

Tr.e wal; it supported test consisted of a submuximal
and aaximal woerk load on the blovele erponetarm Submaxinwl



oxysent urtake and pulmonary venrtilation values were dsterulnsd
from a 30 second sample of ventilated alr aftor the leart rete
reacl:ed 150 beats por mimite. During a maximal blojyole ergonse
ter exercise tlw subject worked at an increasin;; work load
of 300 kilopound metors per ninute and a pedal frequensy of
63 revolutions per mimite.

T™e non weisht~aupprorted exencise consisted of a
sudraxinel and saximal test. ‘80 snoed of the treednill
vas set et five miles per hour, amx! the grado was raised two
rer ceiit every minute until the heart rate agein rose to
150 beats per mimite, Then oxysen uptake and pulmonary
ventilation measuremants were cbtalned, The maximml run
was charactaerised by a speod of six ndilcs Dey hour and @
grade raise of Sué pepr cent every minute, ‘Iis subjects ran
for as lchy us possible then a 30 second sample of ventilated
eir revealed pulmonary ventllatlon and oxypen centente Heart
ratos during an! in recovory from all the teasts were observed
emploving: a Selemetry system and recorded on a slectrocardio=
Srane

Half of tie sudbjeots were tested firat on the
biejole orsometer wuhlle the othior half were tested firat on
the treadmilly, The order of testing was then altermated so
trat all subjeets were evaluated on both testa, 7This proge~
dure was eriployed to eliminate treining or learning offect,

A ¢ ratio teat was used to deseribo statistically

8l mifleant difforenced betwenn Mmeans on the various test



u?

paramcterse In addition certaln interrelationshiips were

inves tiga ted.
IY« CUNCLUSIUHS

Baped on the findings of this inveatigation, the
following conclusions appear warranteds In moderately
obess subjocts, higher circulorespiratory resnonses were
obtalned during non wel ght-suprorted exercise than during
welghtesurported sxercise.

Turing & submaximal and a maxinel work load, hi;her
circulorespiratory reapcnses can bo obtalned while rumning
on a treudnmill as opposed to riding a bicycle er;omster,
Trerefore, the treadmill would appesar to provide a superior

test of circulorespiratory functiona.
IXX. ReECOHEZIDATIONS

based on this investigation tiwe following recormenda-
Zions for further s tudy are preconted:

l. A similar study empleying thie laws of physics,
sheuld be done Iin an attempt o equate the work
locds on the ticycle erpometer and treadmlll
exarclises,

2. Another study of this nuture could be conducted
using not only more sublects, but subjects who
weroe more sxperierced in riding on a bloyele

ergore ter and running on a treadnill,
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ATVTLIDIX A

WRIPTR [ISTRUCTIVMS Y0 SUYIWRCTS
PRICGR TO TUESTING

(1) M not Ardink any type of liquids for at leasnt two hours
Freceding the ticycle srioeter and treadnill tests.
{Liguids neaning water, nilk, bser, solf drinks ete,)

(2) Do not ekt any lkind of foods for at least two hours
precading the bicycle ergometer snd treadmill tests,
{foods meuning rieats, veyetables, snacks, etc.)

(3) ™ ot smokte eanything for at least two hours preceding
tho tievele ergeneter and treadnill tests. (smoking
meaning eigarettes, cisars, mariivans, etcs)

(l4) Mo not varticinute in any formt of nhysical exercize other
than normal school Aay activitien on the day of ani the
precoding day of laboratury testing, (no jopging, welght
lifting, Lasketball sames, cte,)

(8) ot vour normmal amount of sleepr on the nNrecedins night
of your teats,

{6) Follow your normal eating habits and daily sctivities
duriny thinse tioee other tan before your laboratory tests,

{7) zrine to the laboretory & set of workout cloth.ing (eone
siating of gyw shorts, athiletic supporter, whltes scacs
and :;ym shoes). ‘‘owel and slwwusr faclilities are provided
for all aubjects.



MMMV RUAARTNIC HMEAN

APPRIDIX B

REMAT T

Subject Are ceirkt Wwoi ‘I‘hlg!‘* inth{om} Percent ?h:;gica
{cm) (k) Wt Left body Pat B
1 1%9 173 Shet2 62 6 1349 2401
< 20«3 L0 10209 63 63 2de3 2e29
3 1.2 12 10u0 66 66 2iel 2e22
h 19«1  1%6 Li2es 78 78 25l 2.36
5 16e9 19 1ilehh T2 70 256l 218
6 2lely 165 161636 68 68 2le5 24083
? 192 177 L1065 72 73 172 2.7
8 15945 1T2 Glebl &4 64 15e5 2,01
9 A 179 LGel T 71 Zdel 230
10 22¢3 19 17473 63 53 1540 2437
1l 1069 267 117.27 T2 71 19,9 2415
12 Lie7? 176 103610 706 70 1940 2020
1) el  A%2 100 68 67 NS 2eltd
e 207 167 11008 M 75 Zie 2e17
oun 20;5 176677 L0682 69 (9 VN E 2ol
‘e e 25 Ce2y 10423 Le7l Lo 3601 o2l




\VPPRINDIX C

PULURARY, VINTILATIV3
(Litera/ain Selele'’s)

55
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50Ge3%
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9H:e 36
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Y 3e47
6.2t
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7ie33
B2et8
hoeldT
20.97
6.4t

1196l
e f
13«06
v 36k
C2elLY
93.:5
93620
Glpeli®s
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< ry
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10924
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APPEEDIX D

OGN UPTAKES

(SeTePaDa)
subgest  PCycg Be Be pig LA = M';’wcmx
: 0 /e 6/m) (e e /m) (8 /) o) A o e a) () S /)
1 2.3 27.00  2.97 3M.20 2:89 33,32 3.1 L5.01
2 20 1922  3.27 3002 2,78 30,02 3,52 32.2¢
3 2056 25,50 2.89 26495 2093 29632 3,99 39.91
h 289 23.64 3.17 25,9 3.20 26683  10e03 32499
S 1.92 16.18 3622 26434 2.75 23,1k h.29 36420
6 187 1045 2,90 28459 2.58 2542 3.7 31.23
7 2.80 25.38 3.7 3l 3.30 29691  LotO 39,85
8 216 4,56  2.88 32453 217 2ol 3451 39.57
9 88 25,94  3.14 28434 3032 29093 3.81 32,53
10 2.7k 25,43  3.02 20,07 3¢35 3110 4,39 j0.72
11 220 28,74 3.29 2B.02 3,08 26622 ® ]
12 2,52 2hJdi6  3.58 366 3.00 29.11  hobh 116692
13 2,19 20 3,19 29.39 3.26 30403 240 22.12
Ak 281 25,46 3.15 20,53 3657 32635 Lolt5 40626
Mean 2,54 22.67 3.29 29.04 301k 28633  ho0O8  36.89
Se¢ De 56 3,40 o700 2479 91 2,97 152 6035

AR

« NData Not Avallable



APPINTAX B

MAXIMUM HEART 3ATES PROM Phg

(Beats /min) ——
Subject Haximon Recordings
e fin (PHG_ ) e B (PHG )

1 182 190

2 8L 192

3 188 203

L 182 195

5 200 208

6 188 198

7 180 191

8 108 193

9 18} 192

10 168 186

11 197 189

12 190 209

13 192 192

4 175 103
Hoan 18g 19l
Se De Teli2 7499




APPEIDIX P

HEQOVERY HEART RATS FRON WG
{Beata/min) e

¢ 30
B I

167 156
159 162
16t 174
160 175
171 186
164 169
152 168
174 172
160 170
150 152
174 160
10 177
161 153
143 155

129 1,0
130 137
140 160
5 162
165 175
US 154
132 150
160 151
138 139
132 145
152 1.8
139 150
240 123
130 145

1:30

-
119 124
122 129
130 U
129 150
152 152
1.0 W45
12 132
141 138
130 130
130 132
W8 137
120 130
130 116
122 133

28

127 116
112 117
118 137
119 137
139 148
131 137
113 122
138 129
125 110
129 130
132 128
116 116
22 112
118 125

Rocovery from Test
1100

3:00

11300
bi: T

11 108
112 117
98 130
119 122
116 135
22 125
110 11
128 119
109 102
120 122
128 117
102 103
118 101
112 117

130 108
103 102
9% T2d
119 12
119 135
121 119
117 109
128 116
120 110
127 120
122 117
110 98
110 107
106 113

Hean

160 166

141 148

131 13%

lah 126

115 116

114 11

S. Te 10031'. 9'86

20486 12,03 9483 G463 Ealih 10,78 8430 9,71 BT Sol




araik G

GAXINTGM RIDIUGR AND SULRING TIMES

(Mim:bos and Secowis)

59

Tt Ject i TeHa

- 7:15 L350

a 7525 2150

3 1105 k215

L 7:10 3325

5 7135 5200

6 7 3G0 30

7 p Rut 1185 l:20%

o 5258 Le40

9 T30 2:25

10 T3 1240
12 5 "

12 $:50 5135

13 7830 2155

Uy 7e88 4110

Mean 220 yt23

Seie 10877 93hd

# Dats hot Aveilnlle
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